[bookmark: _Toc92791155][bookmark: _Toc92791264][bookmark: _Toc92792860][bookmark: _Toc92792926][bookmark: _Toc92792964][bookmark: _Toc92808006][bookmark: _Toc92808216][bookmark: _Toc92808678][bookmark: _Toc92808806][bookmark: _Toc92810043][bookmark: _Toc92810833][bookmark: _Toc92871048][bookmark: _Toc92907769][bookmark: _Toc92912989][bookmark: _Toc92915331][bookmark: _Toc92915623][bookmark: _Toc92965526]
Accessible therapeutic music-making for stroke survivors with significant arm and hand weakness: 
A mixed-methods study



Tanya Marie Silveira
https://orcid.org/0000-0002-6251-0984



Submitted in total fulfilment of the requirements of the degree of 
Doctor of Philosophy
March 2022



Creative Arts and Music Therapy Research Unit
Faculty of Fine Arts and Music
The University of Melbourne



































Dedication
This doctorate is dedicated to my Nana who was proof that the power of music can connect us all together… even when all seems lost.
















[bookmark: _Toc95659037][bookmark: _Toc97540029][bookmark: _Toc97541087]Abstract

This thesis with publication presents the results of the mixed methods study exploring a novel music therapy intervention for stroke survivors with significant weakness to their arm and hand. Using a mixed methods experimental design, with an explanatory sequential core, this randomised controlled trial sought to examine the holistic impact of a 4-week intervention protocol using functional electrical stimulation (FES) together with an iPad-based instrument (ThumbJam) on stroke survivors’ upper limb function and wellbeing outcomes. Recognising the need for more accessible approaches to music-making with this subset of stroke survivors, the intervention protocol was developed using collaborative processes drawing on knowledge from the disciplines of physiotherapy, occupational therapy and music therapy. 
After securing ethics clearances, recruitment commenced across five hospitals in Sydney, Australia, aiming to recruit a target sample of 40. Fourteen participants were recruited and randomised to receive usual treatment (n=8) or the daily FES+iPad-based music therapy intervention as an addition to usual treatment (n=6) for four weeks (20 sessions). Masked assessors administered the standardised measures of upper limb function and self-report wellbeing questionnaires at three time points (pre- and post- the intervention period, and at three months follow up). All participants were also interviewed at the post-intervention period regarding their perception of how their received treatment supported their overall recovery. 
The Motor Assessment Scale (MAS-UL) was the primary outcome for arm/hand function. The other measures of arm/hand function included the Manual Muscle Test (MMT-UL), 9-hole-peg test (9HPT) and grip dynamometry. The Depression Anxiety and Stress Scale (DASS-21), and the Stroke Self-efficacy Questionnaire (SSEQ) were used to measure wellbeing. As this study was underpowered, mean change scores, confidence intervals and effect sizes (Hedges’ g) were calculated and reported. The intervention group showed greater improvements than control on all upper limb measures, with between group differences on the MAS-UL change score of 2.08 (95% CI -2.08, 6.96; g = 0.5), 0.05 for the 9HPT (95% CI -0.13, 0.23; g = 0.32), 3.33 for the MMT-UL (95% CI -1.26, 7.93; g = 0.85), and 3.68 for grip dynamometer (95% CI -0.70, 8.07; g = 0.99). The intervention group also showed greater decreases in anxiety (between group difference: -1.83; 95% CI -7.63, 3.97; g = 0.37), but lesser reductions in depression (2.25; 95% CI -7.71, 12.21, g = 0.27). There were no notable differences between groups for stress and self-efficacy. Reflexive thematic analysis of the qualitative interview data revealed different reflections about the treatment received by each group, with intervention participant themes focusing on their perceived improvement in upper limb function and strength, as well as the motivating and relaxing aspects of musical engagement. These integrated findings suggest that FES+iPad-based music therapy has the potential to simultaneously improve post-stroke upper limb function and wellbeing. Therefore, this pilot study supports the need for future research that is adequately powered for efficacy testing. 
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This thesis includes three published original articles. Excerpts of one article (paper 1) are presented in multiple chapters of the thesis. Two full articles (papers 2 and 3) are presented as complete chapters. The authorship of these publications was determined with my supervisory team. This thesis also includes a full transcript of a public talk and is presented within one chapter. 

Paper 1 (Chapters 1 and 3)
Silveira, T. (2020). “But where are you really from?”: Approaching music therapy 
research and practice as an Australian of Indian origin. Voices: A World Forum for Music Therapy, 20(3), 8. https://doi.org/10.15845/voices.v20i3.3171

Excerpts of this article have been included in Chapters 1 and 3 in relation to my positioning within the research.

Paper 2 (Chapter 4)
Silveira, T. M., Dorsch, S., Thompson, G., & Tamplin, J. (2020). Functional electrical 
stimulation+ iPad-based music therapy for upper limb recovery after stroke: Study protocol for a mixed-methods randomised controlled trial. Nordic Journal of Music Therapy, 30(4), 314-337. https://doi.org/10.1080/08098131.2020.1795704

This co-authored article describes the methodology of the study, including the intervention protocol, and is therefore presented as a stand-alone chapter (“Methodology”).


Paper 3 (Chapter 6)
Silveira, T. M., Dorsch, S., Thompson, G., & Tamplin, J. (submitted for publication). 
Examining the impact of FES+iPad-based music therapy on the upper limb function and wellbeing of stroke survivors: a pilot mixed-methods randomised controlled trial. 

This co-authored article reports the findings of the mixed methods study, and thus is presented as a stand-alone chapter (“Overview of the Findings”). This paper has been extended through Chapters 7, 8 and 9, as separate quantitative, qualitative and mixed methods chapters. 

Published Transcript (Chapter 1)
Silveira, T (2020, March 6). Empowering Stroke Survivors Through Accessible Music-
Making [video file]. YouTube. https://www.youtube.com/watch?v=vzmqCwWXGNc&t=2s

Presented as part of my introduction chapter, this transcript explores my passion for research in stroke rehabilitation by drawing upon personal stories, clinical practice and relevant research. The talk itself was reviewed by the TEDxNewtown team in consultation with a writing instructor who had experience as a Senior Editor at the Wall Street Journal. 
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My engagement with this doctoral research officially commenced in 2017 as a result of my growing passion for working with and advocating for stroke survivors. The conception of the intervention central to this study (FES+iPad-based music therapy) emerged from my clinical work and was first presented publicly at the 2016 “SMART STROKE” conference (Silveira & Barlow, 2016). After receiving positive feedback from the conference delegates, I felt encouraged to continue refining the intervention and examine its efficacy with a larger cohort of stroke survivors. As a novice researcher, I liaised with Dr Jeanette Tamplin to consider the suitability of my idea for the Doctor of Philosophy program with the National Music Therapy Research Unit (now referred to as the “Creative Arts and Music Therapy Research Unit”) at the University of Melbourne. 
Over the course of my candidature, I have come to realise that both my clinical experience in neurorehabilitation and my personal experience of the world have greatly contributed to the development of this research. Therefore, in this introductory chapter, I will first draw upon the published clinical case report (Silveira, Tamplin, Dorsch & Barlow, 2018) for which my doctoral research is based upon (“Background”), before exploring my interconnected personal and professional influences on the research (“Empowering Stroke Survivors Through Accessible Music-Making”). I will then reflect upon how my intersecting identity, as a woman of colour and Registered Music Therapist, has influenced my motivation for working with stroke survivors who have limited to nil arm and hand function (“Intersecting Identities”). I will then discuss the scope of the study (“Study Overview”) and conclude this chapter with an overview of the thesis structure (“Thesis Overview”). 
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I’ve always been fascinated by the versatility of music through its unique yet unifying place in this world; the way in which we can become so deeply engrossed with a piece of music for its personal meaning, or the way in which we can connect with others through shared musical experiences. It is therefore unsurprising that my career is now centred upon these concepts, through the profession of music therapy. 
	Across my clinical career, I have learnt invaluable life lessons from the people that I have worked with. It is an honour to work with the strengths of a patient[footnoteRef:1] by drawing upon musical methods. More specifically, in the context of stroke rehabilitation, I have learnt that innovation and creativity are key to ensuring a strengths-based and patient-centred approach to therapy. It was this approach that led to the development of the novel intervention that is now the basis of my doctoral research: an intervention that was inspired by Snave[footnoteRef:2].   [1: The term “patient” is used here as I am referring to my clinical work in the hospital setting]  [2: Pseudonym created by the stroke survivor
] 

Snave, a professor of music and professional pianist, sustained a left pontine stroke and was admitted to the rehabilitation hospital where I was working (Silveira, et al., 2018). Though Snave was initially referred to music therapy for psychological support and speech rehabilitation, the focus of sessions shifted to arm and hand rehabilitation as she expressed her goal to resume piano playing. As she had limited active movement and strength in her affected hand (i.e.: she could not press the keys of a keyboard), I was required to think of an innovative way to promote this movement in a musical context. Looking to the other clinical approaches for Snave’s hand rehabilitation, I had an idea for a collaborative approach. Functional Electrical Stimulation (FES) was already part of Snave’s hand therapy program, so I suggested encouraging her to trial playing an iPad-based instrument application (“ThumbJam”) with FES. The idea was for FES to support Snave’s weakened hand as she attempted to move her fingers to create music on an instrument that was touch sensitive (the iPad-based instrument requires minimal strength to create a sound).  In collaboration with Snave and her treating clinicians, we trialled this method, initially referring to it as “FES+ThumbJam” (Silveira et al., 2018). While standardised quantitative measures were commonly used at the rehabilitation hospital to assess changes in arm/hand function and strength, Snave was initially too weak to complete any of these assessments (the 9-hole-peg test, pinch dynamometer and grip dynamometer). However, after eight weeks of engaging with the weekly FES+ThumbJam intervention (8 sessions), Snave was able to hold a cup to drink, play scales on the keyboard and complete standardised measures of hand function (9-hole-peg test: 1 min, 9 seconds; pinch dynamometer: 2 kg/F; grip dynamometer: 6.3 kg/F) (Silveira, et al., 2018). She then showed further improvement at time of discharge through her ability to use utensils for eating, as well as independently play the keyboard without the FES (9-hole-peg test: 54.08 seconds; pinch dynamometer: 3.66 kg/F; grip dynamometer: 4.16 kg/F) (Silveira et al., 2018). When asked about her experience of the FES and ThumbJam intervention at discharge, Snave reflected: 
“Once the FES [and ThumbJam] started, I had an impetus to get things started…I got some feedback.. the sound I made and the feeling that I could move in small increments was better than nothing and got better over time… Getting the brain unstuck and getting it to remember what it used to.” (Silveira et al., 2018, p. 9) 
Seven months following discharge, Snave was able to tie her shoelaces and had returned to playing the piano bilaterally (9-hole-peg test: 43.57; pinch dynamometer: 4 kg/F; grip dynamometer: 8.33 kg/F). To demonstrate her improvement, Snave played Bach’s Prelude in C on the hospital keyboard for staff, sharing that this was a piece of music from her past.
Although this clinical case report indicated that the FES+ThumbJam intervention may have had a positive impact on Snave’s arm/hand rehabilitation, other factors may have also contributed to this outcome (Silveira et al., 2018). Firstly, it is important to recognise that Snave’s musical background as a pianist may have contributed to her functional outcomes (Silveira et al., 2018): even though the neural pathways from the brain to the hand were affected as a result of the stroke, it is still likely that Snave’s engagement with this intervention may have somewhat mirrored her process of learning piano repertoire over the years. Snave’s passion for music through her career may also have fostered motivation to engage in music as part of her therapy. Due to the funding allocated to music therapy at the rehabilitation facility, Snave was only able to engage with this intervention once a week, with the plan to continue self-directed practice between therapy sessions (Silveira et al., 2018). Therefore, even though Snave reflected positively upon her engagement with the FES+ThumbJam intervention, her functional gains likely resulted from this method in combination with the various other arm/hand therapies she was receiving, as well as her previous skill development in a musical context (Silveira et al., 2018). 
The motivation for this doctoral research naturally evolved from my clinical work with stroke survivors like Snave, along with my growing eagerness to learn more about how I could make music therapy more accessible for stroke survivors with limited active movement. In working with Snave, I realised the impact that accessible music-making could have on the functional improvement of the arm and hand: by combining FES with a touch sensitive iPad-based instrument, Snave developed the ability to engage in repetitive exercise and task progression of specific exercises whilst simultaneously enjoying the tasks at hand. Further, as music was being created by Snave through this intervention, I hypothesised that there was potential to also address goals of empowerment and emotional expression through non-verbal processing (e.g.: through instrumental improvisation). 
Having worked in neurorehabilitation for the past seven years, I have realised that advocacy is central to ensuring that more stroke survivors, like Snave, have access to such innovative approaches as part of their rehabilitation. Therefore, as academia is an important starting point for advocacy within stroke rehabilitation, I consciously chose to engage with this doctoral research to further develop and examine the efficacy of this innovative intervention. Another necessary aspect of advocacy in this area is to disseminate the information in a way that is accessible to the broader public with the purpose of raising the profile and understanding of stroke, music therapy, and the need for greater access to innovative and accessible approaches for treatment. It is for this purpose that I personally and professionally value the importance of publishing and presenting my research across forums for academia and the wider public; especially for those who have been impacted by stroke. 
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Since commencing this doctoral research in 2017, I consciously considered the ways in which my research could be disseminated through accessible platforms (i.e.: beyond academic publications). The purpose of this approach was to not only ensure that those impacted by stoke would be able to access this information, but to also more widely advocate for the value of music therapy in this clinical context.
In November 2019, I presented a TEDx talk which was centred on the theme “Break It”. All speakers at this event were instructed to create a talk that encapsulated the notion of breaking down barriers, challenging standard practice, and working towards a changing world. After writing the talk, it was reviewed by the TEDxNewtown team in consultation with a writing instructor who had experience as a Senior Editor at the Wall Street Journal. It was then published as a video recording on the TEDx website in March of 2020. This public talk explored my passion for research in stroke rehabilitation by drawing upon personal stories, clinical practice and relevant research, thus presenting a comprehensive introduction for this thesis. It is important to note that as this talk was given in a public forum to people of varied professional and lay backgrounds, it was purposefully written in an accessible and colloquial manner to promote universal understanding. In the talk, I allude to the influence of existing literature on the inspiration, development and progression of this doctoral research. The transcript of this published talk is presented (below) as a component of this introductory chapter. The graphics which were used as part of this talk (to emphasise concepts) are also included in the body of the text as figures. I would recommend the reader to watch the talk using the link provided. The reference for this publication is: 
Silveira, T (2020, March 6). Empowering Stroke Survivors Through Accessible Music-Making [video file]. YouTube. https://www.youtube.com/watch?v=vzmqCwWXGNc&t=2s
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So, just after I turned 18, when I was old enough to go out dancing, I remember my nana being shocked by the fact that I didn't know any of the “standard” dances, like the foxtrot or the tango or the waltz… I’m pretty sure she thought that I wouldn’t be prepared to go “out dancing”... or something. Anyway, one day curiosity got the better of her and she asked me “how do you dance when you go out with your friends?”. I sort of paused for a moment and then started moving my body awkwardly as if I were out dancing… and then I responded, somewhat unconvincingly, by saying “well I guess we just sort of just jump up and down to the beat?”. She met this with a blank stare… The look on her face said it all!
The weirdest thing of all is that as an 18-year-old, I wasn’t really into dancing… but for some reason, I continued to go out with my friends for the sole purpose of dancing… or in my case, I continued to pay 20 dollars entry to a grotty little club so that I could jump up and down to a beat, with a bunch of sweaty strangers, for hours on end... in heels. Weird, hey?
Fast forward about 10 years, now into my career as a music therapist and researcher, this unconscious motivation to move to the beat, is so much bigger than I first realized. In fact, it is the basis of my research in stroke rehabilitation. 
The World Health Organisation has identified stroke as one of the leading causes of disability, worldwide. WORLDWIDE. This is HUGE as stroke does not discriminate… Over the past 5 years alone, I have worked with stroke survivors who are great grandparents, grandparents, parents, adults, young adults… teenagers… children… I’ve worked with stroke survivors who were at the lowest point of their lives at the time of their stroke, and stroke survivors who were at the peak of their career…Stroke does not discriminate. 
Now, the worldwide prevalence of stroke is 1 in 6. This means that, on a global scale, 1 in 6 of us will experience a stroke in our lifetime. That’s about 15 million of us each year. And stroke doesn't just impact the survivor… it has a huge effect on their loved ones too. That is why it is incredibly important for every single one of us to learn more about it. 
A stroke is actually caused by an interruption of blood flow in the brain. This interruption stops the access of oxygen to certain parts of the brain… and as the brain is the control centre of our entire being, our functional abilities are compromised.
Perhaps think about it like this… I want you to picture a beautiful flower. Any flower that you like. A single flower in a pot of dirt. Every day, you water the flower, you give it sunlight, you check to see how the leaves look, the stem, the petals… you check to see that it’s not drooping... and if it is, you might immediately give it some more water, or sunlight… thus reinvigorating the flower, allowing it to beautifully bloom again in the open air. Now, imagine that the flower is placed in a dark room... and it is covered with an air-tight glass cylinder... The flower is now deprived of sunlight AND oxygen... Up until this point, the flower has never experienced such conditions. The flower wilts, the flower dies (Figure 1). 

Figure 1
Charcoal drawing of a flower deprived of oxygen and sunlight  
(Artist: Elsen James Price)
[image: A picture containing tree, painting, ceramic ware, porcelain
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When someone experiences a stroke, this is what happens in the brain…the part of the brain where the stroke occurred ultimately dies.  As a result, the survivor might have difficulties with their ability to communicate, with their memory, expressing their emotions or, in the large majority of cases, their co-ordinated movement.
There is now research to indicate that 88% of stroke survivors will have one-sided weakness in the body; from the mouth, all the way down to the arm and leg. 50% of these survivors will have long-term loss of their arm and hand function… Long-term LOSS. Think about how much you use your hand in your everyday life… to bathe yourself, dress yourself, to eat, to drive, to use your phone, to pick up your children, to hug your partner… now imagine that that ability is gone… overnight... forever… without any warning. How would that make you feel? Well, for one-third of stroke survivors, it results in depression. 
We now know that, even after experiencing something as traumatic as a stroke, the brain has this incredible ability to rewire itself. If the stroke survivor engages in repetitive exercises of the same movement, there is potential for them create new pathways in the brain… there is potential for them to regain some movement that was lost.
	So, how do you motivate someone to exercise their weak hand whilst they are consumed with depressive thoughts? You don’t ask them to do things that you know they cannot do at this point in time. You work with their strengths… you show them what they CAN do. And you do this with music. 
Music therapists draw upon the cuing of movement using person-centred music. We might play a series of ascending notes, going higher and higher in pitch if we want to encourage the stroke survivor to practice raising their arm; thus increasing their strength and range of movement. We might even use a strong beat to cue a specified movement, thus increasing their repetitions of the exercise, leading to mastery. And, we might even make music together, exploring different instruments based on their abilities… making music that knows no bounds.
Approaching my work as a music therapist in stroke rehabilitation, I constantly come back to one concept: “entrainment”… say it with me everyone “entrainment”! Entrainment is just a fancy word for “synchronising”. That’s what I felt all those years ago when I was 18 years old… That’s why I kept going out dancing, even though I didn't really like it. My body was entraining to the beat, moving with all the people around me. It wasn’t even a conscious process… and this is key to encouraging and empowering stroke survivors to stay motivated throughout their difficult rehabilitation journey.  
A couple of years ago, I learnt something that completely floored me. Stroke survivors who have some presenting abilities in the hand are generally prioritised higher than stroke survivors who have no ability, no function, and no movement. This was the opposite to what I thought should be the case. It seemed that the rationale came down to funding and resources – if the stroke survivor has some movement in the hand, then they are more likely to achieve “something”... progress. However, if they have no presenting movement... well, I guess that’s that. It just didn't seem fair.
I decided that my mission from then on was to find a way to include ALL stroke survivors in active hand rehabilitation, regardless of their presenting abilities. I decided to focus on working with stroke survivors who had limited to no functional ability in the hand because I didn't want them to be left behind. I wanted to give them more options. I wanted to give them hope. So, working with my manager at the time, Anna Barlow, we combined accessible music-making with a routinely used form of electrical stimulation (Figure 2). In using electrical stimulation, we could target the heaviness of the hand and get the machine to raise the wrist up. Once up, I positioned an Pad in front of the hand and asked the stroke survivor to explore whatever movement they had. Time and time again stroke survivors were able to do this, after having ZERO movement LITERALLY moments earlier! Sometimes, the hand would rest on the iPad and we’d hear note changes – the instrument was so touch sensitive that even the subtlest of flickers of muscle activation could be heard. With others, it would start with the quiver of a finger, and sometimes the whole wrist would move… They talked about feeling motivated by the sound that they were producing, and the fact that I was accompanying them on the guitar, thus entraining to their movement, meant that we had longer periods of active hand rehabilitation, AND there was more smiling and positive reflections about their abilities! The stroke survivors started to focus on what they COULD do, not what they COULD NOT. My most memorable sessions are the ones when the survivors say “I forgot I was in hospital for that hour”… because, let’s face it, no-one wants to be a long-term hospitalized patient who relies on others to even just go to the toilet. 











Figure 2. 
Still images of a video demonstrating the FES and iPad-based Music Therapy intervention (Hand Model: Alexandra Havas) 














The interesting thing about music is that it is actually processed in both hemispheres of the brain; if there is damage in one hemisphere, music can actually help by compensating. So, by encouraging the stroke survivors to make music on the iPad-based instrument, as part of their rehabilitation exercises, they were engaging the brain in something called “audio-motor coupling”. Instead of just looking to activate the motor part of the brain, where the damage occurred after the stroke, they were also activating the auditory part of the brain AT THE SAME TIME. They were activating two parts of the brain at once, in a way that forced each part to constantly talk to one another (Figure 3). Messages from these two parts of the brain were firing across information, increasing the potential for a rewiring of damaged areas.

Figure 3 
Still images of a moving graphic which represents the processing of music in both hemispheres of the brain 






Recently I worked with a young stroke survivor who was only 32 at the time of his stroke. 32. He lived with his partner and was working full time. He had a history of pretty severe migraines, and after many appointments, was scheduled to have brain surgery. One of the risk factors of this surgery was the potential for a stroke… 9 hours after surgery, that is exactly what happened. His stroke left him with extreme weakness to his left leg and arm. He required a wheelchair. He became heavily reliant upon the people around him. I first met him when he was in the rehabilitation phase of his treatment… he seemed keen to work together, however said “I don't really know anything about music”. The best thing about music therapy though is that you don’t need to have a musical background to engage. I shared this with him, and we started sessions the very next day. 
I think that I was more nervous than him. He was pretty close to my age, really independent, loved playing sport, so super active…. And I guess it all just felt too close to home. We started by looking at the different instrument options to play… we then put on the Electrical Stimulation device and explored the instrument together. He had some independent movement, just as I knew he would. We then started making music together; improvising. He’d choose an instrument on the iPad and I’d accompany on the guitar. His fingers and hands started to do more than either of us realized he could. He was sliding his hand, he was lifting his finger… he was smiling… he was laughing. His partner, sitting there beside him, seemed to have tears in her eyes as she watched over. Now, seeing his strengths and abilities, we tried for another task – for him to move his finger in time with an auditory cue – a metronome. I’d sing the instruction: “up 2 3 hold, down 2 3 relax” in time with the metronome as he lifted and lowered just one finger. Before we knew it, he had done this about 15 times. His movement was perfect – he was in sync with the metronome as he lifted and lowered just one finger. A week went by and we stopped using electrical stimulation… he became strong enough to do the movement on his own. It was at this point that I offered him to perhaps learn an excerpt of a song. And, to my surprise, he already knew what song he wanted to learn. Talk, by Coldplay. We spent the next few weeks learning this song with his weak hand. Initially, he said “there’s no way I can do this”. He also seemed to fatigued quite quickly, and seem down at these moments. Him, like many other stroke survivors would question: “why am I so tired after doing so little”? But, what seemed like a “little” to him was actually a lot. By repetitively raising and lowering even just one finger, he was creating new pathways in his brain... At these moments I would look at him and say: YOU ARE REWIRING YOUR BRAIN! Literally... The weeks went on and he started to share more about his stroke journey… the good, the bad, and the frustrating. And as we neared the end of his inpatient stay, he shared and reflected upon how far he had come. When attempting to play the excerpt of the song one last time, his partner and brother cheered him on. He did it! He accomplished it and he was so proud. He said that to him, it felt like a “team sport”. His partner then shared her beautiful connection with the music of Coldplay back when he was in surgery, a few months prior. She shared how she was sitting in a café feeling nervous and anxious during the long surgery… and whilst she was sitting there, a Coldplay song came on… and because of their love for this music, she said that in that moment she felt like everything was going to be ok… 
I’ve worked with so many stroke survivors who talk about feeling like they are “half a person”… and all they want throughout their difficult rehabilitation journey is to feel as they did before the stroke. They want to be recognised as themselves… who they are… and not be defined by their stroke. Listening to and creating music helps us to get through tough times, it connects us to our loved ones, it’s enjoyable and heartbreaking all at once. It is the ultimate human experience, yet when people need it most, after experiencing something that they never saw coming, music is rarely offered, nor is it prioritised. And so, it is time to “break it”. It is time to break this mould of what has been done in years gone by. It is time to empower stroke survivors by giving them access to music therapy throughout their difficult rehabilitation journey. (Silveira, 2020)
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	Exploring the importance of access to arm/hand rehabilitation for stroke survivors with limited movement has been my passion since meeting and working with Snave. In realising this passion, and through the course of my PhD candidature with the University of Melbourne, I felt fortunate to advocate for stroke survivors through my engagement with conferences, academia and public talks. During these events, people would ask me where this passion and drive came from, and specifically if I had a relative who had had a stroke (which I had not). The interesting thing was that no matter how often I was asked this question, my response was always: “I’m not sure… I just think it’s really important”. It wasn’t until later in my PhD candidature did I realise that my motivation for giving voice to and advocating for stroke survivors with limited arm/hand movement was also influenced by my personal experience of the world as a woman of colour, i.e.: my lived experiences of adversity, often resulting in my being overlooked by society. In realising this about myself, I decided to write a reflective article about these experiences which was published with the “Voices: A World Forum” journal (Silveira, 2020). In acknowledging that intersectionality (Crenshaw, 1991) was central to my lived experiences, I reflected upon how the phenomenon of intersectionality could also be experienced by the stroke survivors central to this study:
When I think about the stroke survivors who have been part of my research, I can’t help but consider the impact of their intersectional identities within the context of the medical system. Those who were central to my PhD research had limited to no functional movement in their arm/hand. Through discussions with clinicians working in this area, I started to learn that this subset of stroke survivors are generally overlooked by the system as a result of the intersections of their age, level of active movement (in the arm/hand), and time since their stroke onset. The alarming reality is that if a stroke survivor has limited to no active movement in their arm/hand, if they are older, and if it has been quite some time since their stroke, they do not receive as much care and attention for the recovery of their movement in comparison to someone who is younger, has more active movement, and has had a more recent stroke onset. (Silveira, 2020, p. 6). 
	The reality of stroke survivors being overlooked by the medical industry, due to the intersectionality of their time since stroke, level of active arm/hand movement and age, now resonated with me on a deeper level. I finally understood that my passion for advocacy and research in this area was also influenced by an understanding of how it feels to be overlooked, although in a very different context. In now realising this motivation for the research, it was necessary for me to more consciously consider the impact of this on my researcher identity through the consideration of existing worldviews that aligned with this thinking (see Chapter 3). It is important for me to recognise that even though this research was not centred within the worldview of advocacy, advocacy as a concept was part of the motivation for the research. 
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As can be discerned from the above, my motivation for engaging with this research was a result of my growing passion for advocacy in stroke rehabilitation. Recognising that stroke survivors with limited arm/hand function often get overlooked by the medical system, I felt determined to ensure for more equity of access. Creating an intervention that enabled the accessibility of active music-making for this subset of stroke survivors was the starting point of my vision for advocacy. 
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The aim of this study was to examine the impact of the FES+iPad-based music therapy intervention on the upper limb function and wellbeing outcomes (depression, anxiety, stress & self-efficacy) of stroke survivors with limited arm/hand function. 
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This mixed methods pilot randomised control trial included 14 stroke survivors aged between 32 and 82 who were receiving treatment as a result of a recent stroke onset. The participants included in this study were in-patients with significant arm/hand weakness. Recruitment for this study took place across five rehabilitation units in Sydney, Australia. Participants were block randomised to receive treatment as usual (as per their rehabilitation unit), or the FES+iPad-based music therapy intervention as an addition to usual treatment. 
Though there is a growing body of research to highlight the benefit of musical engagement for stroke survivors with significant weakness to the arm/hand, there are few music therapists currently working in rehabilitation units across Sydney. Further, for the few sites that have access to this service, the music therapists’ appointment is on a part-time casual or contracted basis. Based upon research, the recommended approaches for supporting stroke survivors are identified in the Clinical Guidelines for Stroke Management (Stroke Foundation, 2021). These guidelines recommend conventional approaches for arm/hand rehabilitation, such as physiotherapy and occupational therapy. In recognising that these guidelines serve to support clinicians and stroke survivors, it was surprising to realise music therapy was absent. Therefore, this study also sought to advocate for the inclusion of music therapy as a future recommendation for stroke survivors with significant arm/hand weakness, which in turn could potentially lead to more funded music therapy positions across rehabilitation units in Australia (and thus more research in this area).
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I am submitting this as a thesis “with publication” as the included chapters consist of both published articles and unpublished writing. The included published articles have been formatted as per the journal for which they were submitted, and the unpublished component of the thesis is based upon the traditional format of a doctoral thesis. This approach differs to the traditionally formatted thesis as it does not just consist of a standard literature review, methodology, results and discussion section. Instead, multiple chapters of this thesis contain their own targeted literature review and discussion that relate directly to a particular stage of the project (Bibb, 2016). For consistency of formatting across the thesis, the reference list for each chapter has been included at end of its relevant chapter. The tables and figures have also been numbered as per the chapter of their inclusion. 
As this thesis includes co-authored publications, I have recognised the contributions of my supervisors accordingly. I also highlight that the thesis itself has changes in voice due to the inclusion of both co-authored publications and the traditional approach to thesis writing. I have therefore contextualised the shifting voice in this thesis by including bridging material between chapters. 
[bookmark: _Toc94248839][bookmark: _Toc94249036][bookmark: _Toc94250214][bookmark: _Toc95061079][bookmark: _Toc95282931][bookmark: _Toc95284652][bookmark: _Toc95379986][bookmark: _Toc95380333][bookmark: _Toc95380681][bookmark: _Toc95658705][bookmark: _Toc95659059][bookmark: _Toc97540050][bookmark: _Toc97541108]Setting the scene of the project. Chapters 1, 2 and 3 set the scene of this project by detailing my motivation for the research through personal reflections, relevant literature and my epistemological positioning. Chapter 1 (Introduction) introduces my process of arriving at research by reflecting upon my clinical and personal experiences whilst Chapter 2 (Literature Review) explores the literature that influenced and justified the creation and implementation of the FES+iPad-based music therapy intervention. Chapter 3 (Research Underpinnings) explores my positioning within the research and details how this influenced my methodological decisions. Chapters 1 and 3 both contain excerpts of my publication that explore my identity in relation to the research (Silveira, 2020).
[bookmark: _Toc94248840][bookmark: _Toc94249037][bookmark: _Toc94250215][bookmark: _Toc95061080][bookmark: _Toc95282932][bookmark: _Toc95284653][bookmark: _Toc95379987][bookmark: _Toc95380334][bookmark: _Toc95380682][bookmark: _Toc95658706][bookmark: _Toc95659060][bookmark: _Toc97540051][bookmark: _Toc97541109]The FES+iPad-based music therapy intervention. Chapters 4 and 5 detail the FES+iPad-based music therapy intervention. Chapter 4 (Methodology) is presented as a co-authored publication and details the study design and the intervention protocol (Silveira, Dorsch, Thompson & Tamplin, 2020). To gain insight about the acceptability of the intervention itself, a descriptive summary is then presented in Chapter 5 (Descriptive Summary of the Intervention). 
[bookmark: _Toc94248841][bookmark: _Toc94249038][bookmark: _Toc94250216][bookmark: _Toc95061081][bookmark: _Toc95282933][bookmark: _Toc95284654][bookmark: _Toc95379988][bookmark: _Toc95380335][bookmark: _Toc95380683][bookmark: _Toc95658707][bookmark: _Toc95659061][bookmark: _Toc97540052][bookmark: _Toc97541110]The main findings. Chapters 6, 7, 8 and 9 present the findings of the study. As a co-authored publication, Chapter 6 (Mixed Methods Results) presents an overview of the quantitative, qualitative and mixed-methods findings of the study. Chapters 7, 8 and 9 present the approach to data analysis along with the quantitative results (Chapter 7), qualitative findings (Chapter 8) and mixed-methods findings (Chapter 9). 
[bookmark: _Toc94248842][bookmark: _Toc94249039][bookmark: _Toc94250217][bookmark: _Toc95061082][bookmark: _Toc95282934][bookmark: _Toc95284655][bookmark: _Toc95379989][bookmark: _Toc95380336][bookmark: _Toc95380684][bookmark: _Toc95658708][bookmark: _Toc95659062][bookmark: _Toc97540053][bookmark: _Toc97541111]Discussion of the findings. Chapter 10 (Discussion) presents the discussion of the mixed-methods findings in relation to the key domains of the study (functional activity of the arm/hand, depression, anxiety, stress and self-efficacy). The limitations and recommendations of the study are detailed in this chapter. Implications of the research for stroke survivors, music therapists, clinicians and policy are also explored, before final conclusions are drawn.  
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	In this first chapter, I have presented a detailed introduction to the research through reflections on my clinical practice, motivations and clinician-researcher identity. In the next chapter, I will explore the review of literature that led to the refinement of the FES+iPad-based music therapy intervention and thus this research project. 
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The introductory chapter was presented in a colloquial manner to attune the reader to my motivations for the research. In recognising that the next chapter will review literature relevant to the development and trialling of the intervention central to this doctoral study, I will now transition to an academic style of writing. To align with the language of literature in this clinical context, I will also use the term “upper limb” to describe the “arm and hand”, and “hemiparesis” to describe “weakness”. 
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	This doctoral thesis is based upon the development and trialling of a novel intervention (FES+iPad-based music therapy) for stroke survivors with significant weakness to the upper limb. After initial experiences through my clinical role as a music therapist (see Chapter 1), I felt inspired to find more accessible ways to support this subset of stroke survivors as stroke survivors with upper limb function are prioritised within the medical system. After a positive experience trialling a new FES+ThumbJam intervention (Silveira, Tamplin, Dorsch & Barlow, 2018), I entered this doctoral research with a pragmatic focus to refine the intervention by expanding my understanding of the potential role that music therapy, conventional therapy and technology have in stroke rehabilitation. Therefore, through a carefully structured examination of literature, this chapter will explore scholarship that spans stroke, neurorehabilitation, physiotherapy, occupational therapy, technology and music therapy, to detail the need for and development of this novel approach to post-stroke upper limb rehabilitation.  
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The aging population is a globally experienced phenomenon indicating that people now live to be much older than in previous decades (United Nations, 2019). Experienced by most countries, the reality of this phenomenon is that the older the person is, the more likely they are to have potential health challenges (United Nations, 2019). One of the most common health challenges faced by older adults is stroke, impacting approximately 15 million people each year, of which the majority are aged 65 years or over (World Health Organisation, 2022; Roy-O’Reilly & McCullough, 2018). Even though there is a rising incidence of stroke in younger adults (George, 2020; Hall, Vaughan, Ritchey, Schieb & Casper, 2019; Smajlović, 2015), older stroke survivors have comparatively poorer outcomes and mortality (Arboix, Garcia-Eroles, Massons, Oliveres & Targa, 2000). Therefore, it is important for clinicians to consider more person-centred and accessible approaches for improving the long-term outcomes and management of stroke across the lifespan. 
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Stroke is one of the leading causes of disability worldwide (Krishnamurthi, Ikeda & Feigin, 2020). Of the 15 million people who suffer a stroke each year, five million people will have a permanent disability (World Health Organisation, 2022). In the context of Australia, where this study was based, at least 50,000 people suffer a stroke each year (Queensland Brain Institute, 2022), with one in seven aged 65 or older (The Australian Institute of Health and Welfare, 2022). In the year 2020, more than 445,087 Australians were living with the impact of stroke, of which 27,428 of these survivors had experienced a stroke for the first time (Stroke Foundation, 2022). Further, those who survive their first stroke are 11% more likely to have a recurrence within a year, or 26% more likely to have a recurrence within the first five years of initial onset (Flach, Muruet, Wolfe, Bhalla & Douiri, 2020).
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The Australian Institute of Health and Welfare (2022) recognise stroke as one of the costliest disease groups in Australia. In 2020, the estimated economic impact of stroke in Australia was $6.2 billion (Deloitte Access Economics, 2020). With one third of stroke survivors left with permanent disability, an estimated $26 billion was also required in supporting short-term and long-term disability care (Deloitte Access Economics, 2020). 
Once discharged from the acute hospital setting, the cost of accessing continued rehabilitation often places a financial burden on the stroke survivor and their family/caregiver (Heslin, Forster, Healey, & Patel, 2016; Das et al., 2010). The stroke survivor may also need to reconsider their career and living situation (Kitzmüller, Asplund, & Häggström, 2012). This process can be confronting for stroke survivors (Pallesen, 2014) as they may no longer be able to continue with their usual duties of employment, and in some cases, they may have to cease employed work. 
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A stroke occurs when there is a disruption of blood flow to the brain. As a result of this disruption, various parts of the brain become deprived of oxygen, often resulting in the damage and death of brain cells (Stroke Foundation, 2022). See Figure 1 for the various presentations of stroke. 













Figure 1
The various presentations of stroke
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[i.e.: there is a clot]
Ischemic Stroke
[i.e.: there is a clot]
Haemorrhagic Stroke
[i.e.: there is a bleed]
Embolic Stroke
[resulting from a blood clot traveling to the brain]
Thrombotic Stroke
[resulting from cholesterol-laden ‘plaques’]
Intracerebral Stroke
[bleeding from an artery inside the brain]
Subarachnoid Stroke
[bleeding on the surface of the brain]




[bookmark: _Toc95282473][bookmark: _Toc95282945][bookmark: _Toc95284666][bookmark: _Toc95380000][bookmark: _Toc95380347][bookmark: _Toc95380695][bookmark: _Toc95658719][bookmark: _Toc95659073][bookmark: _Toc97540064][bookmark: _Toc97541122]Mini Stroke
The “mini stroke” occurs when blood flow to the brain is disrupted for a short period of time (American Stroke Association, 2021). This disruption of blood flow is caused by a clot, leaving the individual with muscle weakness, numbness, slurred speech, difficulty with understanding others, complete or partial blindness, dizziness and/or a severe headache (American Stroke Association, 2021). The mini stroke is often undiagnosed as the symptoms may completely disappear within 24 hours of onset through the natural dissolving or dislodging of the clot (American Stroke Association, 2021). However, even with the disappearance of these symptoms, the individual is now at risk of having either another mini stroke or an acute stroke. The American Stroke Association (2021) has identified that nine to 17% of individuals who experience a mini stroke are likely to have an acute stroke within 90 days. Though this doctoral research is not based upon mini strokes, it is important to be aware of the potential impact of mini strokes on the experience of an acute stroke.
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This doctoral research is based upon the rehabilitation of stroke survivors who have experienced an acute stroke. An acute stroke occurs as a result of a blood clot (ischaemic stroke) or bleed (haemorrhagic stroke). 
[bookmark: _Toc95282947][bookmark: _Toc95284668][bookmark: _Toc95380002][bookmark: _Toc95380349][bookmark: _Toc95380697][bookmark: _Toc95658721][bookmark: _Toc95659075][bookmark: _Toc97540066][bookmark: _Toc97541124]Ischaemic stroke. An ischemic stroke results when a blood clot has blocked the arteries and blood flow to the brain (Stroke Foundation, 2022). An ischemic stroke can be either embolic or thrombotic (Stroke Foundation, 2022). An embolic stroke occurs when the blood clot has formed somewhere in the body before traveling through the blood circulation to the brain (Stroke Foundation, 2022). A thrombotic stroke occurs as a result of cholesterol-laden ‘plaques’ which are stuck to the inner wall of an artery (Stroke Foundation, 2022). These plaques may increase in size over time, thus blocking the flow of blood in the artery (Stroke Foundation, 2022). 
[bookmark: _Toc95282948][bookmark: _Toc95284669][bookmark: _Toc95380003][bookmark: _Toc95380350][bookmark: _Toc95380698][bookmark: _Toc95658722][bookmark: _Toc95659076][bookmark: _Toc97540067][bookmark: _Toc97541125]Haemorrhagic stroke. A haemorrhagic stroke results when there is a bleed in the brain. This bleed may result from the breaking of a blood vessel wall, potentially caused by long-standing high blood pressure or a cerebral aneurysm (Stroke Foundation, 2022). A haemorrhagic stroke can be either intracerebral or subarachnoid (Stroke Foundation, 2022). Commonly caused by high blood pressure, the intracerebral haemorrhage results in bleeding into the brain as a result of a burst artery located within the brain itself (Stroke Foundation, 2022). The subarachnoid haemorrhage occurs when the bleeding occurs on the surface of the brain (Stroke Foundation, 2022). 
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Motor impairment in the form of hemiparesis is one of the most common outcomes of stroke, impacting 80% of stroke survivors (Lee, Park & Park, 2019; Thaut, Kenyon, Hurt, McIntosh & Hoemberg, 2002). Hemiparesis presents through mild or partial unilateral weakness to the lower limb (leg), upper limb (arm and hand) and/or lower face (mouth) (Vroon van der Blom & Silveira, 2018). Each hemisphere of the brain is responsible for the motor function of the opposite side of the body. Therefore, if stroke onset is in the left hemisphere of the brain, then the survivors’ hemiparesis would usually present on the right side of their body (American Stroke Association, 2022).
The clinical approach to physical rehabilitation is to encourage the stroke survivor to engage in repetitive and task-specific exercises to strengthen the neural pathways from the brain to the hemiparetic part of the body (Hubbard, Parsons, Neilson, & Carey, 2009). Through this process, the neural networks within the brain start to change and adapt, thus leading to a potential rewiring of damaged pathways (neural plasticity) (Mateos-Aparicio & Rodriguez-Moreno, 2019). If the stroke survivor has some presenting movement, therapeutic engagement will generally support a more active approach to therapy. In this way, the therapist may verbally encourage the stroke survivor to independently engage with repetitive exercises and tasks. However, if the stroke survivor has minimal to nil presenting movement, a more passive therapeutic approach may be taken. In this way, the therapist may offer hands-on assistance and/or assistive technology to aid movement. 
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	Hemiplegia refers to the paralysis of muscles required for movement on one side of the body (American Stroke Association, 2022). Stroke survivors with hemiplegia have no presenting active or voluntary movement in the affected limb (American Stroke Association, 2022). Emerging approaches for post-stroke rehabilitation for hemiplegia are based upon artificial intelligence, non-invasive brain stimulation, brain-computer interface and Chinese medicine (Sun et al., 2021). As the stroke survivors central to this study are identified as having significant weakness (not full paralysis), the remainder of this literature review of will focus on the presentation of hemiparesis. Hemiparesis refers to the weakness experienced on one side of the body and can limit the individual’s ability to move that side of the body (American Stroke Association, 2022).  
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Hemiparesis of the upper limb is the most common form of disability following stroke (Stoykov & Corcos, 2009), resulting in weakness to the shoulder, upper arm, forearm and hand (Forro, Munjal & Lowe, 2018). Hemiparesis to the upper limb may lead to muscle stiffness, shoulder subluxation, contracture, swelling and/or pain (Stroke Engine, 2022). When few or multiple of these presentations are experienced, the stroke survivor may have significant challenges with using the upper limb, thus limiting their ability to engage with activities of daily living, leisure activities and employed work (Mehrholz, Pohl, Platz, Kugler & Elsner, 2018). 
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As shoulder subluxation and shoulder pain are commonplace for stroke survivors with upper limb hemiparesis (Vroon van der Blom & Silveira, 2018), it is important for clinicians to be aware of these such presentations to enable the safe facilitation of therapy (Vroon van der Blom & Silveira, 2018).  
[bookmark: _Toc95282953][bookmark: _Toc95284674][bookmark: _Toc95380008][bookmark: _Toc95380355][bookmark: _Toc95380703][bookmark: _Toc95658727][bookmark: _Toc95659081][bookmark: _Toc97540072][bookmark: _Toc97541130]Shoulder subluxation. Shoulder subluxation is experienced by 80% of stroke survivors with hemiparesis (Arya, Pandian, Vikas & Puri, 2018) and is characterised by a partial dislocation of the glenohumeral joint (Vitoonpong & Chang, 2020). Stroke survivors with shoulder subluxation often experience significant pain as the arm itself has become dislodged from the shoulder socket (Stroke Foundation, 2022; Vroon van der Blom & Silveira, 2018). In recognising the resultant fragile state of the shoulder, it is important for clinicians to consider adequate shoulder supports that will allow the stroke survivor to engage with their upper limb exercises (Vroon van der Blom & Silveira, 2018). Potential approaches to supporting the shoulder may include the use of a sling, brace and/or foam pad during resting periods (Finley, 2019; Simpson, Huerta, Sketch, Lansberg, Hawkes & Okamura, 2020). Even though clinicians may advocate for the use of appropriate supports during active upper limb therapy (e.g.: a foam pad), they may also consider limiting the stroke survivors’ upper limb movement if their pain is too great. 
[bookmark: _Toc95282954][bookmark: _Toc95284675][bookmark: _Toc95380009][bookmark: _Toc95380356][bookmark: _Toc95380704][bookmark: _Toc95658728][bookmark: _Toc95659082][bookmark: _Toc97540073][bookmark: _Toc97541131]Shoulder Pain. Shoulder pain is commonly experienced by stroke survivors with upper limb weakness (Vroon van der Blom & Silveira, 2018). Not only does shoulder pain hinder the survivors’ ability to engage with their activities of daily living, but it may also lead to challenges with sleeping and thus potentially increase fatigue during therapy sessions (Vroon van der Blom & Silveira, 2018). If shoulder pain is persistent, the mood, quality of life and therapeutic outcomes may also be impacted (Vroon van der Blom & Silveira, 2018). To ensure for a safe and collaborative approach, clinicians should always check in with the stroke survivors’ level of pain, innovatively modify exercises accordingly and clearly explain the activity/exercise prior to engagement (Vroon van der Blom & Silveira, 2018).
[bookmark: _Toc95282955][bookmark: _Toc95284676][bookmark: _Toc95380010][bookmark: _Toc95380357][bookmark: _Toc95380705][bookmark: _Toc95658729][bookmark: _Toc95659083][bookmark: _Toc97540074][bookmark: _Toc97541132]Upper limb function. Stroke survivors with significant weakness will have decreased upper limb function. There is now research to indicate that 50% of stroke survivors with hemiparesis will have long-term loss of their upper limb function (Intercollegiate Stroke Working Party, 2016) and thus an inability to independently complete activities of daily living (e.g. toileting, personal hygiene and eating). This may lead to feelings of frustration and depression (Ali, Ramadan & Aboushady, 2020; Tsarkov & Petlovanyi, 2019), especially if the individual was completely independent prior to stroke onset. Though options for continued rehabilitation may be offered, the resultant challenges of functional use and frustration may have a cyclical impact on one another; if the survivor has feelings of frustration and/or depression, they may lose the motivation to continue their recovery and rehabilitation process. Similarly, if the survivor is finding it too challenging to engage in rehabilitation, feelings of frustration and/or depression may eventuate. Also, even though rehabilitation exercises for the upper limb are based upon repetitive and task-specific practice (Hubbard et al., 2009; Silveira, et al., 2018), clinicians identify their challenge in providing adequate sensory feedback to motivate stroke survivors to engage with these such practices (Van Wijck, Dodds, Cassidy, Alexander & McDonald, 2011). Further, it can be very challenging for stroke survivors with upper limb weakness to engage actively in task-specific repetitive practice, especially if they feel like the exercises are too difficult (Levy et al., 2020).
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The Clinical Guidelines for Stroke Management recommend physiotherapy and occupational therapy as conventional approaches for upper limb rehabilitation (Stroke Foundation, 2022). As per these guidelines, the recommended interventions for upper limb stroke rehabilitation include constraint induced movement therapy (CIMT), robotics, virtual reality and interactive gaming, and mirror therapy (Stroke Foundation, 2022). Mental practice and electrical stimulation are also recommended in conjunction with motor training exercises (Stroke Foundation, 2022). 
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Under the Clinical Guidelines for Stroke Management, Constraint Induced Movement Therapy (CIMT) is the only strongly recommended intervention for upper limb rehabilitation (Stroke Foundation, 2022). Originally developed for stroke survivors with mild to moderate hemiparesis (Uswatte et al., 2018), this intervention requires the individual to have some presenting level of movement at the wrist and fingers. The purpose of CIMT is to promote the use of the non-affected upper limb by constraining movements of the affected upper limb, often with a sling or mitt (Stroke Engine, 2022). The stroke survivor is then instructed to intensively engage with concentrated and repetitive tasks using their affected upper limb for 90% of their waking hours (equating to approximately 6 hours per day) (Stroke Engine, 2022). Through this intensive practice, the stroke survivor is encouraged to use their affected upper limb to engage in repetitive practice of their everyday tasks. 
[bookmark: _Toc95282958][bookmark: _Toc95284679][bookmark: _Toc95380013][bookmark: _Toc95380360][bookmark: _Toc95380708][bookmark: _Toc95658732][bookmark: _Toc95659086][bookmark: _Toc97540077][bookmark: _Toc97541135]Pain and fatigue during CIMT. With much literature indicating that the experience of pain may impact the stroke survivor’s ability to engage with therapy (Ratnasabathy, Broad & Baskett, 2003; Snels, Beckerman, Lankhorst & Bouter, 2000), Underwood and colleagues (2006) sought to examine the impact of CIMT engagement on the stroke survivors’ pain and fatigue. The results from this study indicate that stroke survivors had fairly low pain and fatigue when engaged with the constraint induced therapy protocol (Underwood et al., 2006). However, as post-stroke fatigue is a common result of stroke onset (Aarnes, Stubberud & Lerdal, 2018), Stock (2019) examined the stroke survivors’ level of active engagement during CIMT: the findings from this doctoral thesis concluded that active engagement decreased for stroke survivors who began CIMT within the first few weeks of their onset. Stock (2019) concluded that this reduced engagement identified a need for rest periods within the allocated intervention time itself.
[bookmark: _Toc95282959][bookmark: _Toc95284680][bookmark: _Toc95380014][bookmark: _Toc95380361][bookmark: _Toc95380709][bookmark: _Toc95658733][bookmark: _Toc95659087][bookmark: _Toc97540078][bookmark: _Toc97541136]Adherence to CIMT. Though there is generally good adherence to the CIMT protocol, Stock and colleagues (2015) found this to be in relation to the stroke survivors’ attendance at therapy rather than their actual engagement with the intervention. When examining engagement in the practical components of CIMT, stroke survivors engaged in task training and motor activity exercises for less than the target duration (Stock et al., 2015). In fact, the time spent engaged with motor activity exercises was only one-third of the intended treatment time (Stock, et al., 2015). Further, the authors conclude that the adherence to the constraint induced therapy protocol was positively associated with the stroke survivors’ improvement, and negatively associated with the stroke survivors age (Stock, et al., 2015). That is to say; the more the stroke survivor improved, the more adherence they had to the constraint induced therapy protocol. The conclusions from this study also indicated that older stroke survivors may benefit from more instruction prior to active engagement and shorter active training periods (Stock et al., 2019). 
[bookmark: _Toc95282960][bookmark: _Toc95284681][bookmark: _Toc95380015][bookmark: _Toc95380362][bookmark: _Toc95380710][bookmark: _Toc95658734][bookmark: _Toc95659088][bookmark: _Toc97540079][bookmark: _Toc97541137]Modified-CIMT. Over the years, modified versions of CIMT have been developed to account for its limitations of stroke survivor fatigue and reduced adherence to the protocol (Blanton & Wolf, 1999). Though the goals and principles of the modified versions are the same as the original CIMT, the delivery is slightly different (Stroke Engine, 2022): instead of constraining the unaffected upper limb for 6 hours a day, the intensity of modified-CIMT engagement could be from 30 minutes to three hours (Shi, Tian, Yang & Zhao, 2011; Fleet, Page, MacKay-Lyons & Boe, 2014). However, these modified versions of CIMT still require the stroke survivor to have some presenting functional activity to engage: this excludes stroke survivors with significant upper limb weakness.
More recently, Uswatte and colleagues (2018) have indicated the potential for including stroke survivors with severe upper limb hemiparesis in what they refer to as expanded-CIMT. In this approach, the CIMT protocol included the use of orthotics and adaptive equipment, specific neurodevelopment techniques and electromyography-triggered functional electrical stimulation (Uswatte et al., 2018). This collaborative approach ensured that CIMT could be made accessible for stroke survivors with significant weakness. Though the results from this small randomised controlled trial indicate benefits of expanded-CIMT for stroke survivors on their upper limb recovery, more research is required, and widespread implementation is not yet common.
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	Electromechanical and robot-assisted arm technology now exists for the purpose of supporting post-stroke upper limb training (Mehrholz et al., 2018). Engagement with this technology has resulted in improvement for the stroke survivors’ muscle strength, upper limb function and participation in activities of daily living (Mehrholz et al., 2018). However, though previous research indicates benefits of this technology, there is much variation between its implementation and trialling of various technologies (Mehrholz et al., 2018). Further, engagement with robotic technology, as part of conventional therapy, is very costly and not widely accessible for stroke survivors (Wagner et al., 2011).
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	There is a growing body of research indicating the benefits of virtual reality and interactive gaming in post-stroke upper limb rehabilitation. As an adjunct to conventional rehabilitation, virtual reality and interactive gaming are effective in restoring the functional activity of the upper limb (Turolla et al., 2013). However, due to the costly nature of virtual reality technology (Leder, Horlitz, Pushmann, Wittstock & Schütz, 2019), it is not widely accessible across stroke rehabilitation units nor for the private/independent use of the stroke survivor. Further, as the movement kinematics of stroke survivors are different between the real-world and virtual reality (Viau, Feldman, McFayden & Levin, 2004), the virtual reality rehabilitation process may not transfer to the real-world (Kim et al., 2020). Though personalised approaches to gaming and virtual reality exist, this technology continues to prove difficult for engaging stroke survivors with more severe upper limb weakness (Warland et al., 2018), again excluding survivors with minimal function.
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Based upon the implications of the mirror neuron system, mirror box therapy is now an accepted intervention in upper limb stroke rehabilitation (Shih et al., 2017). The functional benefits of mirror box therapy are noted to be primarily for the wrist and hand (Arya, Pandian & Puri, 2018). During this intervention, the stroke survivor is to watch the movement of their unaffected hand through a mirror, whilst the affected hand is out of sight. Through this visual illusion, the stroke survivor is to focus on the visual feedback of the unaffected hand to compensate for the absent proprioceptive feedback of the affected hand (Sathian, Greenspan & Wolf, 2017). This visual stimulus is then processed in the brain with the aim of promoting movement to the affected hand (Stroke Engine, 2022). As an adjunct to conventional therapy, mirror box therapy is now recognised as a ‘promising’ treatment in stroke recovery (Thieme, et al., 2018). However, clinicians should be cautions when offering this therapy as patients may experience side effects such as confusion and dizziness (Rothgangal et al., 2011). 
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There is a growing body of evidence indicating that mental practice activates the same musculature and neural regions as physical practice (of the same tasks) in stroke survivors (Barclay et al., 2020; Page Levine & Hill, 2015; Borges et al., 2018). In a recent Cochrane review conducted by Barclay and colleagues (2020), mental practice in stroke rehabilitation was noted to have ‘moderate-certainty’ when delivered alongside physical rehabilitation. However, it is important to recognise that the main limitations of mental practice are the stroke survivors’ ability to engage with it and adherence. With more research required in this area, the findings from this review also raise questions of the efficacy of mental practice in relation to improvement in activities of daily living (compared to conventional treatment), the amount of mental practice required for change and the amount of time for which mental practice produces most benefits (Barclay et al., 2020). Further, much of the previous research detailing the benefits of mental practice are based upon a self-selecting pool of stroke survivors who are no longer receiving rehabilitation in the hospital setting (i.e.: they are based in the community) (Ietswaart et al., 2011).
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Electrical stimulation is a commonly used intervention for post-stroke rehabilitation. In this intervention, an electrical stimulation device is used to generate contractions in the muscles of the weakened limb. When used appropriately, it has been inferred that electrical stimulation may contribute to the promotion of neuroplasticity (Stinear & Hubbard, 2012). 
Though research on electrical stimulation indicates its benefits for upper limb functional improvement (Howlett, Lannin, Ada & McKinstry, 2015), its use is varied among stroke survivors. For stroke survivors with significant upper limb weakness, and thus limited presenting movement, a passive approach to electrical stimulation may be taken: the stroke survivor may have their weakened muscles passively stimulated by electrical currents during pre-determined on and off periods (e.g. the stimulation will occur for 10 seconds, and then automatically turn off for 4 seconds, or a “trigger” button could be used by the user to turn the electrical stimulation on and off). 
[bookmark: _Toc95282966][bookmark: _Toc95284687][bookmark: _Toc95380021][bookmark: _Toc95380368][bookmark: _Toc95380716][bookmark: _Toc95658740][bookmark: _Toc95659094][bookmark: _Toc97540085][bookmark: _Toc97541143]Functional Electrical Stimulation. Functional Electrical Stimulation (FES) combines the use of electrical stimulation with a functional task. In this method, the electrical stimulation device enables the stroke survivor to engage in functional tasks by electrically producing contractions to the weakened muscle fibres at a specific moment of a particular action (Niu et al., 2019; Kutlu, Freeman, Hallewell, Hughes & Laila, 2016). In the context of upper limb rehabilitation, if the functional task is to pick up a cup, the FES may stimulate the opening of the hand (through wrist and finger extension) in preparation for grasping the cup. Research of FES in upper limb stroke rehabilitation indicates a statistically significant benefit on the stroke survivors’ ability to engage in activities of daily living (Eraifej, Clark, France, Desando, & Moore, 2017). However, as FES is based upon the ability to perform tasks (e.g. picking up a cup) and/or exercises (e.g. opening and closing the hand), the stroke survivor is required to have some level of function to use FES as part of their upper limb rehabilitation.
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The recommended interventions for post-stroke upper limb rehabilitation are based upon the existing research supporting their effectiveness (Stroke Foundation, 2022). However, there are limited options for stroke survivors with significant upper limb weakness. In recognising that some of the recommended approaches require multiple processes (e.g.: as an adjunct to conventional therapy, delivered alongside motor training exercises, etc), there is potential to extend upon these interventions through collaboration. It is therefore worthwhile to consider the potential of combining alternative approaches to treatment for the purpose of including and supporting stroke survivors with significant upper limb weakness (Stovkoy & Corcos, 2009). 
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One of the main challenges faced by clinicians is in facilitating interventions that can provide ample sensory feedback to further motivate and encourage stroke survivors to engage in repetitive practice of the upper limb (Van Wijck, Dodds, Cassidy, Alexander & McDonald, 2011). Some of the alternative approaches to post-stroke upper limb rehabilitation that seek to provide more sensory feedback include tablet technology and musical instrument playing. 
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As an emerging approach for stroke rehabilitation, tablet technology has been identified as a less labour-intensive alternative to conventional methods (Saposnik, et al., 2014; Hubbard, et al., 2009). When considering the accessibility of tablet technology through its touch sensitive mechanisms, the stroke survivor requires minimal strength and functional movement to engage with it (Silveira et al., 2018). In this way, stroke survivors with significant weakness to the upper limb can be given an accessible avenue for the repetitive, intensive and task-specific exercise required for influencing neural plasticity (Hubbard et al., 2009; Silveira, et al., 2018). Now identified as an acceptable and feasible approach for stroke rehabilitation (Ameer & Ali, 2017; Saposnik et al., 2014), tablet technology-based exercises may have implications for more self-directed task-specific upper limb rehabilitation between formal treatment sessions and even post-discharge (Silveira, et al., 2018).
[bookmark: _Toc97540089][bookmark: _Toc97541147]Music-making with tablet technology. When looking to the research incorporating tablet-based music-making interventions for post-stroke upper limb rehabilitation, the purpose for inclusion was based upon choice rather than accessibility (Street et al., 2015; Street et al., 2018). As part of their feasibility study protocol, Street and colleagues (2015) included tablet-based software (GarageBand and ThumbJam) as an option for the stroke survivors to engage with as part of their upper limb rehabilitation. Though detail about the inclusion of GarageBand was given in relation to the various instrumental sounds (e.g. “smartpiano”) and type of exercise (e.g. movement of the fingers to be up and down), there was no detail about the stroke survivors’ specific engagement with the ThumbJam software. Further, in recognising that the stroke survivors central to this study were engaged in active music-making processes (Street et al., 2015), it can be inferred that they were required to have some presenting function. This is somewhat confirmed when looking to the baseline assessments from the conducted study: all participants were able to engage with the 9-hole-peg test at baseline (Street et al., 2017) (the 9-hole-peg test requires the individual to have both fine and gross motor co-ordination). Further, as the delivery of this intervention was “home-based”, the participants’ time since stroke onset varied from 3-60 months (Street et al., 2017). In recognising that the total number of participants recruited was only 10/14, this large range in time since stroke onset does not give a clear indication for when stroke survivors may reap potential benefits of this intervention. Though the authors concluded that the effects of their developed intervention may be feasible, they also recognised that the findings do not explicitly advocate for a larger randomized controlled trial as data on the size of the recruitment pool and eligibility screening were not collected (Street et al., 2017).  
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There is a growing body of research highlighting the benefits of musical instrument playing for stroke survivors with upper limb weakness (Magee, 2020). As “musical processing requires a large cortico-subcortical network [that is] distributed throughout both cerebral hemispheres and the cerebellum” (García-Casares, Torres, Walsh & González-Santos, 2013, p. 179), engaging individuals with neurologic impairment in musical processes may provide a compensatory means for skill acquisition (Daveson, 2008). Though there are few randomised controlled trials examining the impact of musical instrument playing on upper limb function and strength, their delivery is varied: some of these trials are facilitated by music therapists (“music therapy”), whilst others are facilitated by physiotherapists and occupational therapists (“music-supported therapy”). In the Australian context, where this study is based, music therapy is facilitated by a credentialed therapist who is registered with the Australian Music Therapy Association (AMTA) after completing a Master’s of Music Therapy or equivalent qualification (AMTA, 2022). Music therapy interventions in upper limb stroke rehabilitation draw upon the simultaneous benefits of instrument playing for both upper limb rehabilitation and self-expression (Silveira et al., 2018; Silveira, Dorsch, Thompson & Tamplin, 2020). As music-supported therapy is delivered by physiotherapists and occupational therapists, the focus of using musical instruments is primarily to address goals of physical recovery (Rodriguez-Fornells et al., 2012). A recent systematic review examining the effectiveness of musical instrument interventions for stroke survivors concluded that they “could be a useful treatment option for improving hand function and activities of daily living in patients with stroke, especially for patients within 6 months after stroke” (Huang, Dou, Jin, Cui, Li & Zeng, 2021, p. 624).
[bookmark: _Toc95282971][bookmark: _Toc95284692][bookmark: _Toc95380026][bookmark: _Toc95380373][bookmark: _Toc95380721][bookmark: _Toc95658745][bookmark: _Toc95659099][bookmark: _Toc97540091][bookmark: _Toc97541149]Randomised controlled trials of musical instrument playing. At present, 12 randomised controlled trials have assessed musical instrument playing as a part of upper limb stroke rehabilitation (Huang et al., 2021). The findings from these studies highlight the feasibility of instrument playing for stroke survivors (Hill, Dunn, Dunning & Page, 2011) and an improvement of the upper limb specifically in relation to the speed and precision of movement (Altenmüller, Marco-Pallares, Münte, & Schneider, 2009; Schneider et al., 2007). Further, not only do these trials identify the moderate (Scholz et al., 2016) to significant (Chouhan & Kumar, 2012; Raglio et al., 2017; Thaut, Hoemberg, Hurt, & Kenyon, 1998) effect of music therapy engagement on upper limb functional activity, one of the studies also identified decreased depression and anxiety for stroke survivors engaging with music therapy (Raglio et al., 2017). The approach to music-making used across these studies was based upon the stroke survivors creation of music by using rhythmical-melodic musical instruments (e.g. xylophones, percussion, etc) and/or digital music equipment (e.g. midi keyboards, drum-pad machines and iPads) (Huang et al., 2021). The more commonly used instruments were rhythmic-melodic musical instruments such as percussion instruments (Tong et al., 2015; Raglio et al., 2017) and digital music equipment such as the keyboard and electronic drum set (Grau-Sanchez et al., 2018). In recognising that the touch sensitive iPad instrument used by Street and colleagues (2017) could have benefits for stroke survivors with minimal presenting function, its purpose of inclusion in this particular study was to give participants choice for concentrating their rehabilitation of finger movement (not to make instrument playing accessible) (Street et al., 2015). Therefore, regardless of the type of instrument used, all stroke survivors included in these studies required some level of upper limb function to engage in active music-making processes.
[bookmark: _Toc95282972][bookmark: _Toc95284693][bookmark: _Toc95380027][bookmark: _Toc95380374][bookmark: _Toc95380722][bookmark: _Toc95658746][bookmark: _Toc95659100][bookmark: _Toc97540092][bookmark: _Toc97541150]Neurologic Music Therapy. There is ample research indicating the benefits of neurologic music therapy interventions for stroke survivors. Techniques such as Therapeutic Instrumental Music Performance (TIMP) and Patterned Sensory Enhancement (PSE) work to train specific movement patterns with music-based engagement (Silveira et al., 2020). In TIMP, the stroke survivor is encouraged to actively participate in playing a musical instrument (Thaut, 2005). By physically playing the musical instrument in the suggested manner indicated by the music therapist, the stroke survivor stimulates the specific movement patterns required for functional use. Though PSE does not require the physical act of instrument playing, it also works to train specific movement patterns required for functional use of the upper limb (Thaut, 2005). In PSE, the music therapist creates temporal, spatial and force cues to guide the stroke survivors’ movement (Thaut, 2005). In this way the stroke survivors’ movement is prompted, and thus conditioned, by auditory cuing which is often in the form of an instrumental phrase and/or beat. To reinforce the accuracy of movement, the music therapist may modify the pacing/timing, musical contour and volume of the auditory cue. 
[bookmark: _Toc95282973][bookmark: _Toc95284694][bookmark: _Toc95380028][bookmark: _Toc95380375][bookmark: _Toc95380723][bookmark: _Toc95658747][bookmark: _Toc95659101][bookmark: _Toc97540093][bookmark: _Toc97541151]The challenge of musical instrument playing in stroke rehabilitation. Previous research highlights the benefits of musical instrument playing for stroke survivors with upper limb weakness, specifically when combined with conventional treatment (Tong et al., 2015). Further, the simultaneous benefits of musical instrument playing on depression and anxiety are recognised when the intervention is facilitated by a music therapist (Raglio et al., 2017). Though these benefits are promising, all previous studies have included stroke survivors with some presenting level of upper limb function (Silveira et al., 2020). Therefore, stroke survivors with limited upper limb function are generally excluded from these studies, and thus musical instrument playing interventions altogether (Silveira et al., 2018). As multiple benefits of musical instrument playing through music therapy are demonstrated in previous research (Raglio et al., 2017), it is important to consider adapting these interventions to become accessible for stroke survivors with limited upper limb movement. 
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Previous research indicates some evidence for the effectiveness of tablet technology (Saposnik, et al., 2014; Hubbard, et al., 2009) and musical instrument playing (Tong et al., 2015) when combined with conventional treatment. Musical instrument playing has also been identified to have simultaneous benefits on depression and anxiety when facilitated by a music therapist (Raglio et al., 2017). Therefore, there is much potential for the inclusion of alternative approaches, such as music therapy, to be delivered alongside the conventional methods indicated in the Clinical Guidelines for Stroke Management. Not only will this widen the scope of personalised approaches to therapy, but, if delivered by a music therapist, may also have simultaneous benefits on the stroke survivors hand function and experience of neuropsychiatric symptoms such as depression and anxiety.
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Neurologic impairment often leads to the experience of neuropsychiatric symptoms (NPS) (Buijck & Silveira, 2018). In many cases, these symptoms encompass depression, anxiety, cognitive decline, apathy, hallucinations and/or changes in behaviour (Buijck & Silveira, 2018). Though literature indicates the experience of NPS to be primarily in degenerative conditions such as dementia (Ismail et al., 2016), there is now research to indicate their presence in stroke survivors (Hackett et al., 2014). 
The NPS more commonly experienced by stroke survivors are depression and anxiety (Mitchel et al., 2017; Buijck & Silveira, 2018). Post-stroke depression impacts at least 33% of stroke survivors within the first year of stroke onset (Hackett & Pickles, 2014), and often peaks within the first six months (Dafer et al., 2008). A systematic review conducted by Burton and colleagues (2013) identified that anxiety symptoms are experienced by 20% of stroke survivors within the first month post onset, 23% of stroke survivors within one to five months post onset, and 24% of stroke survivors who are six or more months post onset. Further, as the presence of NPS symptoms such as depression and cognitive decline are indicative of a poor prognosis (Paloucci, 2017), a vicious cycle could eventuate whereby the experience of NPS could reduce the motivation of the stroke survivor to engage in therapy, potentially resulting in diminished opportunity for functional improvement (Buijck & Silveira, 2018).  
[bookmark: _Toc92792876][bookmark: _Toc92792942][bookmark: _Toc92792980][bookmark: _Toc92808022][bookmark: _Toc92808232][bookmark: _Toc92808694][bookmark: _Toc92808822]Though there is research to suggest the possible correlation of various NPS to the specific site of stroke onset (Wong et al., 2016), it is important to recognise the emotional trauma of the stroke event and resultant impairment (Buijck & Silveira, 2018). For some, this emotional response may also result from a lengthy hospital admission if expected functional progress does not eventuate and/or there are challenges with accepting one’s post-stroke abilities (Buijck & Silveira, 2018). The continuous experience of NPS may therefore lead to resultant challenges with the individual’s long-term emotional adjustment. Though standard approaches exist for supporting neuropsychiatric needs, less than one-third of stroke survivors who require these services receive them (Smith, Gracey, Mullis, Coulson & De Simoni, 2021). 
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Social work and psychology services are generally offered to stroke survivors in the acute phase of their rehabilitation. Whilst social workers predominantly assist with the administrative aspects of the stroke survivors hospital admission and discharge, they are also trained to offer verbal counselling and emotional support. Psychological intervention in post-stroke rehabilitation is more commonly accessed as it is recognised as necessary for supporting the complex and diverse challenges faced by stroke survivors (Perna & Harik, 2020). Psychologists may work with stroke survivors to not only support their processing of trauma, but to also help optimise their time in rehabilitation by encouraging engagement with other aspects of recovery (e.g.: functional outcomes) (Perna & Harik, 2020). Though these clinical approaches are of benefit within the short-term hospital admission of the stroke survivor, they often are not centred upon facilitating positive psychological adaptation nor addressing the key factors and triggers associated with the experience of NPS (Brands, Wade, Stapert & van Heugten, 2012). Further, recent literature acknowledges the limited effectiveness of standard psychological interventions for the management of NPS such as anxiety (Smith et al., 2021). Considering this, and in recognising that the Clinical Guidelines for Stroke Management recommend a multidisciplinary approach (Stroke Foundation, 2022), it is important to advocate for alternative approaches that support the emotional wellbeing of stroke survivors (Buicjk & Silveira, 2018).	
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[bookmark: _Toc92810069][bookmark: _Toc92810862][bookmark: _Toc92871081][bookmark: _Toc92907800][bookmark: _Toc92913020][bookmark: _Toc92915362][bookmark: _Toc92915654][bookmark: _Toc92965558]Creative arts therapies offer a unique alternative for stroke survivors to engage in self-expression that is not solely verbal. The growing body of literature highlighting the benefits of the creative arts therapies in this context reference the disciplines of art therapy (Mare, Pudjonarko & Sujianto, 2019), dance therapy (Wolff, dos Santos Delabary, Hass, 2017), and music therapy (Poćwierz-Marciniak & Bidzan, 2017), amongst others. As music therapy is the discipline for which this doctoral thesis is based upon (and my own clinical background), this next section will review the literature examining the efficacy of music therapy for supporting post-stroke neuropsychiatric symptoms (NPS).
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There is a growing body of research highlighting the value of music therapy engagement for the wellbeing of stroke survivors. Many studies examining the impact of music therapist led interventions consider their specific benefit in supporting the neuropsychiatric symptoms (NPS) of anxiety and depression. The general consensus of these studies indicates that when delivered as an addition to usual treatment, music therapy engagement could lead to an improvement in the stroke survivor’s mood (Kim et al., 2011; Raglio et al., 2015) and overall quality of life (Poćwierz-Marciniak & Bidzan, 2017).  
As NPS are often experienced over the long-term, it is important for therapists to have a person-centred approach that acknowledges and values the changing identity of the individual (Gracey, Longworth & Psaila, 2015). Working within a predominantly person-centred approach, music therapists tailor interventions to meet the individual needs of the stroke survivors with whom they work. Current research in this area highlights the benefits of musical engagement in supporting stroke survivors’ experience of NPS such as depression and anxiety (Raglio et al., 2017; Kim et al., 2011; Sumakul, Notobroto, Widani & Aima, 2020). 
By acknowledging the lack of control that stroke survivors often feel due to their stroke onset and progress in rehabilitation, it is important to offer opportunities for choice (Woodman, Riazi, Pereira & Jones, 2014). When looking to the various interventions facilitated by music therapists in this clinical context, stroke survivors are encouraged to engage in processes of empowerment and autonomy by making choices as part of their therapy. As a creative outlet for expression, making musical choices may also lead to moments of deep reflection. For example, through the intervention of familiar song-singing, the stroke survivor may reflect upon the significance of a song in the context of their life (Rolvsjord, 2001), or through engaging in instrumental improvisation, the lack of parameters in creating music may also support their non-verbal self-expression (Erkkilä et al., 2011). With this choice and deep reflection, music therapists work to support stroke survivors as they process NPS related to stroke onset.
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Engagement in music therapy can address multiple goals simultaneously (Särkämö, 2018; Silveira et al., 2018). Previous research indicates that the physical act of music-making not only serves to address upper limb function goals in stroke survivors, but also leads to improvements in neuropsychiatric symptoms (NPS) such as depression and anxiety (Raglio et al., 2017). Further, as there are noted benefits of instrument playing for continued engagement in therapy (Van Wijck et al., 2011), there is much potential for the place of music therapy in this context. 
The physical act of instrument playing is intrinsically motivating for stroke survivors (Magee, 2020) as the stroke survivors themselves are creating music. This approach to rehabilitation can support repetitive upper limb practice (Van Wijck et al., 2011) as it is based upon the initiation and creation of music by the stroke survivor rather than an external cue or instruction from the therapist. As repetitive practice of the same movement is necessary for improvement in function, musical instrument playing may help to enhance neural plasticity in stroke survivors (Schneider, Altenmüller, & Münte, 2007). The process of “audio-motor coupling” specifically links the movements of the hand to the brain through an auditory experience (Hanneton, Hoellinger, Forma, Roby-Brami & Auvray, 2020). This auditory experience is based upon the creation of music by the stroke survivor themselves: the stroke survivor is encouraged to engage in music-making by playing a musical instrument (e.g.: a keyboard) with their affected hand. As rhythm and tone then become the motivation for engagement in upper limb rehabilitation, the stroke survivor is offered an avenue for auditory feedback which may, in turn, encourage the self-directed modification of their motor output (Silveira et al., 2018). By creating a feedback loop of motor movement to sound, this mechanism of audio-motor coupling has the potential to result in higher engagement in upper limb exercise (Silveira et al., 2018) in comparison to more conventional approaches. Further, by using the weakened upper limb to create music with no parameters, stroke survivors can simultaneously address their goals of upper limb rehabilitation and allow for non-verbal expression (Magee et al., 2017). 
[bookmark: _Toc92965560]Though engagement in music therapy can simultaneously address goals of motor rehabilitation and allow for non-verbal processing (Loewy, Ard & Mizutani, 2015; Erkkilä et al., 2011), stroke survivors require some level of physical function to actively create music. Therefore, it is important to consider more accessible approaches to include stroke survivors with limited upper limb function (Silveira et al., 2018; Silveira et al., 2020). For example: the combination of electrical stimulation and iPad-based music therapy would enable stroke survivors with significant upper limb weakness to actively participate in music-making. Further, the fact that musical instrument playing is effective when combined with conventional treatment (Tong, et al., 2015) supports the clinical recommendation for a multidisciplinary approach to stroke rehabilitation (Stroke Foundation, 2022). Therefore, it is important to consider the collaboration of music therapy interventions with more conventional approaches to therapy. 
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In recognising the individual benefits of FES, tablet technology and music therapy for stroke survivors with significant hemiparesis, there is potential for an innovative combination to offer a more accessible means of music-making for stroke survivors (Silveira et al., 2018). By combining FES with an iPad-based music-making application, the process of creating music will become more accessible to stroke survivors with limited upper limb function. This novel approach also meets the identified need for more well-described randomised controlled trials examining the efficacy of musical instrument playing for post stroke upper limb rehabilitation (Huang et al., 2021), and advocates for the importance of including stroke survivors with significant upper limb weakness in music-making for upper limb rehabilitation. 
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This literature review has referenced the Clinical Guidelines for Stroke Management as informing the clinical delivery of care for stroke survivors in Australia. As a living document, these guidelines are aimed at equipping healthcare professionals, administration staff, funding bodies and policy makers with the best-practice recommendations to assist in planning, organising and delivering appropriate care for stroke survivors across the trajectory of their recovery (Stroke Foundation, 2022). All clinical recommendations are based upon the “Grading of Recommendations, Assessment, Development and Evaluation” (“GRADE”) framework (Stroke Foundation, 2022). The GRADE framework is guided by four key components to not only create recommendations but to also identify their strength (Stroke Foundation, 2022):
1. “The balance between desirable and undesirable consequences
2. Confidence in the estimates of effect (quality of evidence)
3. Confidence in values and preferences and their variability (clinical and consumer preferences)
4. Resource use (cost and implementation considerations)”
(Stroke Foundation, 2022, Brief summary of GRADE section)
	When looking to assess whether a recommendation is strong or weak, the guidelines indicate the confidence in which the “desirable effects of an intervention outweigh undesirable effects…across the range of patients for whom the recommendation is intended” (Stroke Foundation, 2022, GRADE Handbook section). Therefore, a strong recommendation is based upon the certainty that the current “evidence supports a clear balance towards either desirable or undesirable effects” (Stroke Foundation, 2022, Strength of Recommendations section), whereas a weak recommendation is based upon the uncertainty of “the balance between desirable and undesirable effects” (Stroke Foundation, 2022, Strength of Recommendations section). The guidelines also include a third category that advises against the recommendation(s) of existing research (“strong recommendation against”).
	Though there is evidence to indicate the benefit of musical engagement on post-stroke upper limb rehabilitation, more research is needed to advocate for the inclusion of music therapy as a recommendation under the Clinical Guidelines for Stroke Rehabilitation. It is therefore unsurprising that the current recommendations for “arm activity” are based upon conventional approaches only (physiotherapy and occupational therapy). The indicated “strong recommendation” for this category was based upon a Cochrane review of 42 trials (1453 participants) which indicated benefits of intensive constraint-induced movement therapy intervention for stroke survivors who have some presenting active wrist and finger extension (Corbetta et al., 2015). The weak recommendations for stroke survivors with mild to severe upper limb weakness included robotics (Mehrholz et al., 2018) and electrical stimulation with motor training (Howlett et al., 2015) (Stroke Foundation, 2022). Virtual reality and interactive gaming (Laver et al., 2017), mental practice with motor training (Barcley-Goddard et al., 2020; Borges et al., 2018) and mirror therapy (Thieme et al., 2018) are also recommended (as weak recommendations) for stroke survivors with mild to moderate impairment in the upper limb (Stroke Foundation, 2022). It is important to recognise that though some of these weak recommendations are based upon Cochrane reviews, others were not. 
In reviewing the Clinical Guidelines for Stroke Management when working with Snave in 2016 (Chapter 1) and on the commencement of my PhD candidature in 2017, I was surprised to discover that music therapy was absent. More recently, in 2021, the guidelines have now been updated to include one resource about music therapy: a Cochrane Review about acquired brain injury (Magee, Clark, Tamplin & Bradt, 2017), recognising music therapy as an alternative to conventional approaches. Though the inclusion of this Cochrane review is an important step forward, there are still no recommendations (strong or weak) for music therapy in supporting stroke survivors with their rehabilitation.
Considering the growing body of research supporting the benefits of musical engagement across the multiple goal areas of stroke rehabilitation, I sought to learn more about music therapy’s absence from the Clinical Guidelines for Stroke Management. This curiosity led to an informal discussion with a member of the guidelines team at the 2018 SMART Stroke conference. When asked about this absence, they responded by saying “there is not enough research on music therapy”. Though this is true in the context of stroke rehabilitation research in general, the cyclical issue of this fact is that there are very limited positions and thus opportunities for music therapists in this clinical context. When looking to the strong and weak recommendations for “arm activity”, it is clear that these recommendations come from disciplines with much higher employment rates in stroke rehabilitation. In order to address this systemic challenge, more research into music-based approaches for upper limb stroke rehabilitation is required. Therefore, as this doctoral research examines the efficacy of a novel and accessible intervention that is informed by multiple disciplines (“FES+iPad-based music therapy”) and aims to simultaneously address goals of upper limb function and neuropsychiatric symptoms, there is much potential for its influence on future iterations of the Clinical Guidelines for Stroke Management. 
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This chapter detailed the review of literature that influenced this doctoral research. The next chapter will explore the philosophical underpinnings of the research and the finalised study design. 
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After reviewing the literature relevant to this study, it was important for me to consider my philosophical influences within the context of the research. The next chapter will detail my process of understanding the philosophical teachings that were reflective of my identity, values and vision for the research, and how they influenced the development of the study design. 
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Eastern and Western philosophy have guided me in developing and finalising the study design of this research. In reflecting upon my intersectional identity as a woman of colour, I realised the importance of valuing my own lived experienced when approaching this research. Arriving at a deeper understanding of myself as an individual gave me the clarity I needed to strengthen and thus support the decision-making processes central to this research. Therefore, in this chapter, I will first present an overview of the study design before contextualising my positioning within the research in relation to the influence of various philosophical teachings. I will then detail the mixed methods experimental study design implemented, with reference to the directional hypotheses (quantitative component) and research questions (qualitative and mixed-methods component). Though an overview of the approach to analysis will be discussed, I will give more detail to these processes in the upcoming chapters (Chapters 6, 7, 8 and 9). 
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The purpose of this study was to examine the impact of FES+iPad-based music therapy on the upper limb functional activity and wellbeing outcomes of stroke survivors. I used a mixed methods experimental design with an explanatory sequential core to embed interview data within an intervention trial (Creswell & Plano Clark, 2017). Through the randomised controlled trial, I assessed the impact of FES+iPad-based music therapy on upper limb function and wellbeing outcomes for stroke survivors in hospital (using standardised measures). The qualitative data sought to uncover how each treatment condition supported the broader recovery of stroke survivors in hospital and was integrated with the quantitative results to gain a greater understanding of the impact of FES+iPad-based music therapy.
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Developing my understanding of the impact and relevance of various philosophical teachings on my epistemological stance within the research has been a challenging process. Over the course of my doctoral candidature, my own understanding of what was initially motivating this research both shifted and deepened. More recently, in 2020, I realised that my passion for this research was very much linked to my own intersectional identity as a woman of colour (Silveira, 2020).  
Reflecting upon my cultural heritage, as an aspect of my intersectional identity, I felt the need to also consider philosophical teachings outside of the Western context in which my education was based. I therefore consciously decided to also explore the teachings of my Indian heritage: the teachings of Hindu philosophy. I recently explored the influence of my intersectional identity upon my approach to music therapy research and practice in a publication entitled ‘But where are you really from?: Approaching music therapy research and practice as an Australian of Indian origin’ (Silveira, 2020). The following excerpt from this publication explores my personal experience of intersectionality, and how this has impacted my understanding of the potential experiences faced by the stroke survivors central to this doctoral research: 
In considering the origins of my researcher self, and thus where these motivations were really from, I looked to Kimberlé Crenshaw’s work on Intersectionality. Intersectionality is now identified as a framework that helps us to understand how the various aspects of our identity intersect, influence one another, and merge together to eventuate at our unique experience of the world (Collins & Bilge, 2020). These unique experiences are complex as they are a result of the individual’s marginalized or privileged positioning within society (Collins & Bilge, 2020). In reflecting upon my own unique researcher identity, it seems that my marginalization in society is positioned at the intersections of my age (being perceived as young), gender (identifying as female), and ethnicity (of Indian Origin). In reflecting upon my ethnicity, I have realised that it is rather complex.
Looking back in history, I have now learnt about the presence and impact of colonisation in India. From the years 1858 to 1947, India was under the direct rule of the British (“The British Raj”). Though the documented intention of this rule was to increase Indian participation in governance, it dismissed the voice of the Indian citizens and, as a result, led to a national independent movement to reclaim the country (Wolpert, 2020). With the British Raj ending in 1947, it took 89 years for India to reclaim independence. Along with this, Goa, the place of my family’s origin in India, was under the rule of the Portuguese for as long as 450 years, reclaiming independence quite recently in 1961 (Kamat, 2011).
Now having this knowledge, I don’t just consider India as the place of my familial origin but also as the site where my ancestors were colonised. To add to the complexity of this identity, and as a result of colonisation, my ancestors were converted to Christianity, positioning our family as a minority within the Indian community.
When I think about the stroke survivors who have been part of my research, I can’t help but consider the impact of their intersectional identities within the context of the medical system. Those who were central to my PhD research had limited to no functional movement in their arm/hand. Through discussions with clinicians working in this area, I started to learn that this subset of stroke survivors are generally overlooked by the system as a result of the intersections of their age, level of active movement (in the arm/hand), and time since their stroke onset. The alarming reality is that if a stroke survivor has limited to no active movement in their arm/hand, if they are older, and if it has been quite some time since the onset of their stroke, they do not receive as much care and attention for the recovery of their movement in comparison to someone who is younger, has more active movement, and has had a more recent stroke onset. Upon reflection, I now feel as though my lived experiences of adversity led to my growing passion for advocacy in stroke rehabilitation. In understanding what it is like to be overlooked by society, I feel driven to instigate change for others. As therapists, it is important to use our voices to empower and thus advocate for the people we work with, especially if they too are being overlooked by the system. And so, I now believe that my adverse experiences are my strength and superpower in approaching music therapy research and practice: it is through these moments of adversity that I have become who I am today. (Silveira, 2020, p. 5-7)
My passion for research and clinical practice in stroke rehabilitation comes from a somewhat shared understanding of how it feels to be overlooked as a result of one’s intersectional identity. When reflecting upon my education in Australia, I have also realised that the historical events of the world have been taught to me from a predominantly western lens: though some aspects of my Indian ancestral history were taught over the course of my schooling, I have always felt as though the perspectives of focus were western-centric. As a 13-year-old, I was taught to believe that the British rule over India and the Portuguese rule over Goa (resulting in my Portuguese surname) was a significant moment in history that was of great benefit to the people of India. However, when reflecting upon the central texts educating us on these moments in history, it became very clear that the voices of the Indian people were absent. When looking to learn more about the philosophical teachings related to therapeutic musical practices, as part of my tertiary education, the more readily available and highly regarded resources were (and still are) that of Western teachings. This continued to surprise me as Indigenous and Eastern practices of “music for healing and expression [have] existed long before the formalised “music therapy” profession” (Ikuno, Miyake, Zambonini, Eslava-Mejia, Moonga, Silveira, Low, Ghetti, & Hadley, 2021, p. 4). Reflecting upon this now as a doctoral student, I realise that the dominant narrative of colonisation was ever-present throughout my educational experience. This realisation led me to feel somewhat disconnected to the Western philosophical teachings that I initially engaged with as part of my doctoral candidature, and, as a result, I felt a strong sense to consider philosophical teachings beyond the Western-centric lens. It was therefore important for me to reflect upon the philosophical influences that spanned both my educational experience (Western) and my ethnicity (Eastern). Initially I felt my epistemology aligned well with Western pluralism, however this only accounted for the Western aspect of my identity. Seeking to learn more about the potential influence of Eastern philosophy, I looked to the teachings of Hindu philosophy. This was a very challenging process for me as both a researcher and an individual as I was acutely aware that my approach to understanding the teachings of Hindu philosophy, as a potential lens for understanding my approach to research, was coming from a Western perspective. Further, even though my cultural roots are linked to the teachings of Hindu philosophy, my upbringing was very Western-centric (due to historical colonisation and migration). With this in mind, it was necessary for me to consciously consider the harm in appropriating the teachings of Hindu philosophy. Therefore, rather than seeking out any particular teachings of Hindu philosophy, I took the time to read about the teachings, in an open way. Over the course of this process, I resonated deeply with the Advaita Vendānta teachings. From its roots in Sanskrit, ‘Advaita’ (अद्वैत) means “not-two” (Grimes, 1996), and is associated with the teachings of non-duality. In seeking to grasp a deeper understanding of non-duality, I realised that no English translated definition would suffice to encapsulate its meaning (Loy, 2012). Continuing my reading, I learnt that non-duality refers to the idea of holism whereby different systems should be viewed as a whole rather than a collection of parts (Smuts, 1926). This concept felt quite familiar to me in the context of my research as I sought to learn more about the holistic experience of the FES+iPad-based music therapy intervention for stroke survivors. It was only at this moment did I consider that both Western Pluralism and Eastern Advaita Vendānta, together, could help me to more holistically position myself within this research.  
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Basing the overall question of the research on the collection and analysis of multiple data sets, my desire to understand the holistic impact of FES+iPad-based music therapy was guided by pluralistic thought. In reflecting upon my clinical practice as a music therapist in a rehabilitation hospital, I now realise that I have always valued pluralism: as a clinician, I often sought to understand why patients had different preferences for different musical interventions, why they sometimes responded to these interventions in similar and/or different ways, and what impact this had on their actual functional outcomes. The voice of the patient was important to me as I valued their unique experience of therapeutic engagement. As the sole music therapist at this hospital, I also felt the need to justify my position, whilst also educating the team about the value of music therapy in this context. It was therefore unsurprising that my clinical documentation generally consisted of numerical data, my observations and patient reflections. 
	Kekes (2000) identified the multiple ways in which pluralism can be considered based upon its contextual definitions. Ontologically, pluralism may refer to the ultimate constituents of reality, whilst axiological pluralism may refer to the values that we hold for a good life (Kekes, 2000). Though the political identification of pluralism recognises the value of multiple conceptions of a good life, the anthropological identification of pluralism looks to the various cultural forms of humanity (Kekes, 2000). For the purpose of this research, the contextual definition will be “epistemological pluralism,” whereby the multiple ways of knowing are based upon the standards of reasonable belief (Kekes, 2000). 
Recognising the collaborative nature of my research, the establishment of my supervisory team was influenced by epistemological pluralism. It was important for me to have supervisors that had expertise in a range of different areas: neurologic music therapy (Dr. Jeanette Tamplin), physiotherapy and stroke rehabilitation (Dr. Simone Dorsch) and qualitative research (Associate Professor Grace Thompson). These collaborative attributes were important to guiding and developing the FES+iPad-based music therapy intervention and study design. As the clinician-researcher gaining the pluralistic skills required to deliver and examine the intervention, I often felt like the knowledge I gained from my supervisory team positioned my approach to have an interdisciplinary aspect.
Miller and colleagues (2008) identified that there are four critical elements which epistemological pluralism is based upon in the context of interdisciplinary inquiry: (1) valuing multiple ways of knowing, (2) integrating knowledge for a more complete understanding of a phenomenon, (3) accepting that different approaches are to be negotiated, and (4) accommodating (not compromising) approaches that are different. These four elements have been central to my methodological decisions and thus my approach in this research. 
[bookmark: _Toc94248851][bookmark: _Toc94249048][bookmark: _Toc94250226][bookmark: _Toc95061093][bookmark: _Toc95282991][bookmark: _Toc95284712][bookmark: _Toc95380046][bookmark: _Toc95380393][bookmark: _Toc95380741][bookmark: _Toc95658765][bookmark: _Toc95659119][bookmark: _Toc97540111][bookmark: _Toc97541169]	Valuing multiple ways of knowing. Based within an experimental mixed methods design, the purpose of this research was to examine the impact of FES+iPad-based music therapy on the upper limb function and wellbeing outcomes of stroke survivors. In order to learn about the holistic impact of treatment, I collected and analysed both quantitative and qualitative data. In this way, I acknowledge that there is both validity and value in drawing upon multiple ways of knowledge generation (Miller et al., 2008).
[bookmark: _Toc94248852][bookmark: _Toc94249049][bookmark: _Toc94250227][bookmark: _Toc95061094][bookmark: _Toc95282992][bookmark: _Toc95284713][bookmark: _Toc95380047][bookmark: _Toc95380394][bookmark: _Toc95380742][bookmark: _Toc95658766][bookmark: _Toc95659120][bookmark: _Toc97540112][bookmark: _Toc97541170]Integrating knowledge. The eventual quantitative and qualitative findings of the research were to be integrated under the mixed methods experimental design (with an explanatory sequential core). There were three points of integration in this study: at the study design level, at the analysis level and at the interpretation level. Integration was therefore a necessary component of this research (Miller et al., 2008).
[bookmark: _Toc94248853][bookmark: _Toc94249050][bookmark: _Toc94250228][bookmark: _Toc95061095][bookmark: _Toc95282993][bookmark: _Toc95284714][bookmark: _Toc95380048][bookmark: _Toc95380395][bookmark: _Toc95380743][bookmark: _Toc95658767][bookmark: _Toc95659121][bookmark: _Toc97540113][bookmark: _Toc97541171]	Accepting different approaches. Different approaches exist within this research. Firstly, the intervention central to this research comprises of approaches based within physiotherapy, occupational therapy and music therapy. By accepting that different approaches have influenced this research, I was required to continuously negotiate the various characteristics of each (Miller et al., 2008). Using an interdisciplinary lens to develop the FES+iPad-based music therapy intervention, I accepted the value of the differing approaches (physiotherapy, occupational therapy and music therapy). In this way, I strongly valued and acknowledged each discipline in the development of the intervention. Further, I accepted that there would be different findings from the quantitative and qualitative analyses, which was necessary for deepening the overall study findings. 
[bookmark: _Toc94248854][bookmark: _Toc94249051][bookmark: _Toc94250229][bookmark: _Toc95061096][bookmark: _Toc95282994][bookmark: _Toc95284715][bookmark: _Toc95380049][bookmark: _Toc95380396][bookmark: _Toc95380744][bookmark: _Toc95658768][bookmark: _Toc95659122][bookmark: _Toc97540114][bookmark: _Toc97541172]	Accommodating different approaches. Throughout this research, epistemological pluralism guided my development of the intervention and study design. Firstly, in drawing upon the multiple disciplines that have influenced the intervention central to this research, I needed to accommodate, rather than compromise, the way in which the disciplines could contribute to the intervention (Miller et al., 2008). Though the development of the intervention was based upon theory and practice across disciplines in stroke rehabilitation, I centralised its delivery to my qualification in music therapy. This process led me to accommodate the contributions of each discipline to arrive at a comprehensive approach to treatment implementation. Further, in recognising the different weightings of the qualitative and quantitative components of the study, I did not compromise either data set, but rather accommodated them by embedding one (qualitative) within the other (quantitative).  
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Immersing myself with literature on the Advaita Vendānta teachings led me to recognise aspects of my research approach aligning with these teachings. However, though this seemed appropriate for me to explore further, I was worried about appropriating these teachings to the Western context of my research. In reflecting upon my primary motivation to learn more about these teachings as linked to my cultural identity, it felt important to seek further understanding about the Advaita Vendānta teachings by connecting with the community for which these teachings are central. Rather than just researching more about the Advaita Vendānta teachings, I took time to read the vast works of Indian philosophers (including the Bhagavad Gita), I reached out to Indian music therapists to learn from and dialogue with, and I also spent ample time with my own thoughts considering the value of these teachings upon my own life (separate to my research). After engaging with this deep process, I felt more at peace with considering the way in which I could integrate my reflections and learnings about the Advaita Vendānta teachings within the context of my research, specifically through the way in which these teachings have guided my methodological decisions for this research from the beginning, perhaps without me even consciously realising. 
With pluralism as a central aspect of the Advaita Vendānta teachings (Indich, 1995), I reflected upon its guidance through the three key components of my research: my valuing of the complimentary skills of my three supervisors, my development of a collaborative intervention, and my choice to use a mixed methods study design. Central to the teachings of Advaita Vendānta are six pranamas (epistemologies) (Datta, 1997). It was therefore important for me to mindfully reflect upon the attributes of each pranama central to the AdvaitaVendānta teachings. 
[bookmark: _Toc94248856][bookmark: _Toc94249053][bookmark: _Toc94250231][bookmark: _Toc95061098][bookmark: _Toc95282996][bookmark: _Toc95284717][bookmark: _Toc95380051][bookmark: _Toc95380398][bookmark: _Toc95380746][bookmark: _Toc95658770][bookmark: _Toc95659124][bookmark: _Toc97540116][bookmark: _Toc97541174]Pratyakṣa (perception). Pratyakṣa pranama identifies that there are two types of perception: perception from the interaction with the world (specifically in relation to the five senses), and perception of the inner sense (specifically in relation to the mind) (Matilal, 1992). When reflecting upon the potential influence of pratyakṣa epistemology on my research, I likened the two types of perception to the two types of data included in the study. Identifying that the purpose of the quantitative component of this study was to specifically examine the effect of the FES+iPad-based music therapy intervention, I considered the quantitative component to be based upon the perception of the interaction with the world. Contrasting to this, and in considering that the place of the qualitative component was to learn more about the individuals’ experience of how the treatment they received supported their recovery, it seemed that there was merit in considering that the qualitative component was based upon the perception of the inner self.  
[bookmark: _Toc94248857][bookmark: _Toc94249054][bookmark: _Toc94250232][bookmark: _Toc95061099][bookmark: _Toc95282997][bookmark: _Toc95284718][bookmark: _Toc95380052][bookmark: _Toc95380399][bookmark: _Toc95380747][bookmark: _Toc95658771][bookmark: _Toc95659125][bookmark: _Toc97540117][bookmark: _Toc97541175]Anumāṇa (inference). Anumāṇa pranama identifies that inference is about the way in which one uncovers a new conclusion about truth that is based upon one or more observations, as well as a previous understanding of truth (Halbfass, 1991). Under Anumāṇa, pratijna (hypothesis) is valued. When considering pratijna, I reflected upon the creation of directional hypotheses (as part of the quantitative component of the study), whereby it was hypothesised that stroke survivors in the intervention condition would have better upper limb function and wellbeing outcomes in comparison to those in the control condition. One of the components of pratijna, “sadhya”, is based upon the notion that an idea is to be proven or disproven, which relates the directional nature of the hypotheses I generated. Coming back to the consideration of truth under Anumāṇa, it is only appropriate to indicate that the inferences (i.e.: the findings of the study) are true if “positive” examples can be provided as evidence (“Sapaksha”), and if contradictory “negative” examples (“Vyapti”) are absent. From this, I planned to use the qualitative findings as examples to indicate evidence of the potential differences of the allocated treatment conditions. 
[bookmark: _Toc94248858][bookmark: _Toc94249055][bookmark: _Toc94250233][bookmark: _Toc95061100][bookmark: _Toc95282998][bookmark: _Toc95284719][bookmark: _Toc95380053][bookmark: _Toc95380400][bookmark: _Toc95380748][bookmark: _Toc95658772][bookmark: _Toc95659126][bookmark: _Toc97540118][bookmark: _Toc97541176]Upamāṇa (comparison, analogy). Upamāṇa pranama identifies that comparison is the means for conditional knowledge (Jha, 1986). Conditional knowledge is the understanding of knowing when and how to use existing knowledge (Larkin, 2009) and draws upon specific strategies (Yore & Treagust, 2006). Upamāṇa has informed my decision to use comparison as a strategy to understand the impact of FES+iPad-based music therapy (as an addition to usual treatment) for stroke survivors. Upamāṇa pranama also influenced my methodological approach to collecting and analysing the data sets for the purpose of highlighting points of distinction between the participant treatment groups. 
[bookmark: _Toc94248859][bookmark: _Toc94249056][bookmark: _Toc94250234][bookmark: _Toc95061101][bookmark: _Toc95282999][bookmark: _Toc95284720][bookmark: _Toc95380054][bookmark: _Toc95380401][bookmark: _Toc95380749][bookmark: _Toc95658773][bookmark: _Toc95659127][bookmark: _Toc97540119][bookmark: _Toc97541177]Arthāpatti (postulation). Arthāpatti pranama identifies that postulation is valued. In this context, postulation values reasoning, discussion or beliefs that are based upon a suggestion or assumption linked to fact or truth. My postulation of this research is that stroke survivors in the intervention condition will have better upper limb function and wellbeing outcomes in comparison to stroke survivors in the control condition. Based upon prior research, I believe that this postulation provides a strong rationale for this study.  And so, considering the assumption of the existence for this to be true, I felt the need to research further.
[bookmark: _Toc94248860][bookmark: _Toc94249057][bookmark: _Toc94250235][bookmark: _Toc95061102][bookmark: _Toc95283000][bookmark: _Toc95284721][bookmark: _Toc95380055][bookmark: _Toc95380402][bookmark: _Toc95380750][bookmark: _Toc95658774][bookmark: _Toc95659128][bookmark: _Toc97540120][bookmark: _Toc97541178]Anupalabdi (non-perception, negative/cognitive proof). Anupalabdi pranama indicates that knowing a negative is a form of valid knowledge: validity is identified if there is negative proof through the non-existence or impossibility of an occurrence (Lochtefeld, 2002). I considered this form of negative proof in the interview data by recognising that what is not said by participants is an indication of valid knowledge. For example: if the control group talked about the challenges faced by the intervention they received, yet the intervention group did not, under Anupalabdi, the absence of this information is identified as negative or cognitive proof for the non-existence of this occurrence. 
[bookmark: _Toc94248861][bookmark: _Toc94249058][bookmark: _Toc94250236][bookmark: _Toc95061103][bookmark: _Toc95283001][bookmark: _Toc95284722][bookmark: _Toc95380056][bookmark: _Toc95380403][bookmark: _Toc95380751][bookmark: _Toc95658775][bookmark: _Toc95659129][bookmark: _Toc97540121][bookmark: _Toc97541179]Śabda (relying on testimony). In Śabda epistemology, value is placed upon the testimony of reliable experts (Bhawuk, 2011). In this context, I believe that the stroke survivors are reliable experts in this research as they have lived experience of their allocated treatment(s). Valuing the importance of learning from others for the purpose of acquiring and sharing knowledge, the stroke survivors’ testimony was a vital component of this study. As a researcher, I relied on the reliable expert testimony of participant voice to gain deeper knowledge about the impact of the FES+iPad-based music therapy intervention. 
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As a patient-oriented clinician-researcher (Yanos & Ziedonis, 2006), I wanted to establish a research project that was ethically and experimentally refined, whilst still ensuring that the research would have real-world applicability in the context of music therapy clinical delivery. Contemplating these aspects, I turned to the Clinical Guidelines for Stroke Management (Stroke Foundation, 2022) to learn more about the recommended interventions in stroke rehabilitation. As previously detailed (Chapter 1), the absence of music therapy in these guidelines was surprising to me and led to my determination to find a way for their future inclusion. Realising that the recommendations for (upper limb) stroke rehabilitation were mainly based upon the results of randomised controlled trials, and in consultation with my supervisors, a pilot randomised control trial design seemed most appropriate to examine this novel intervention through my doctoral research. Initially, I sought to examine the quantifiable impact of the FES+iPad-based music therapy intervention as an addition to usual treatment for stroke survivors in comparison to usual treatment only. Through my value of participant voice, I also wanted to have a qualitative component that would give more detail about the experience of the FES+iPad-based music therapy intervention. However, in reflecting upon my value of lived experience and thus participant voice, it felt inappropriate to exclude the voice of stroke survivors who did not receive FES+iPad-based music therapy. I therefore needed to find a balance between my experience as a clinician in the field (prioritising participant voice), my passion for systemic change (consideration of this research to influence future iterations of the Clinical Guidelines for Stroke Management), and my ethical judgement (as a doctoral student). Though I knew anecdotally that choice and self-expression were an important aspect of rehabilitation and progress, the existing Clinical Guidelines for Stroke Management indicated that quantifiable outcomes were the steppingstones for potential systemic change. In order to meet the requirements for potential systemic change and ensure that participant voice was prominent throughout the process, my research approach became clear: it was necessary for me to collect quantitative and qualitative data from both control and intervention participants. In this way, this research would have merit under the existing guidelines, whilst simultaneously paying tribute to the voices of stroke survivors for whom this research was about and for. My intention was to then integrate the findings of the quantitative and qualitative analyses to arrive at a more complete understanding of the research impact for participants (Morse, 1991). In this way, the integrated results would be comprehensive and thus expand the understanding of FES+iPad-based music therapy (Fetters & Molina-Azorin, 2017). 
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I worked within a mixed methods design because I valued the importance of collecting quantitative and qualitative data from both participant groups and wanted to learn about the multi-layered experience and impact of each condition (Riazi, 2016). Through the pluralistic lens of obtaining different but complimentary types of data (Morse, 1991), I was able to gain a holistic understanding of the FES+iPad-based music therapy intervention. Building on the clinical case report from which this research was based upon (Silveira, et al., 2018), the quantitative data consisted of standardised upper limb measures and wellbeing questionnaires. Valuing participant voice from this clinical case report (Silveira et al., 2018), I also collected interview data to gain a deeper understanding of the intervention. To allow appropriate comparison between conditions, the overarching interview question for all included participants was the same: participants were asked to reflect upon how the treatment that they received supported their overall recovery. 
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This study was based upon the mixed methods experimental design with an explanatory sequential core design, as the qualitative strand (data collection) of the study occurs after the experimental intervention (Creswell & Plano Clark, 2017). As indicated in Figure 1, the quantitative data were collected pre-intervention period (0 weeks), post-intervention period (at 4 weeks) and then once more at follow up (at 4 months). The qualitative interview data were collected at the post-intervention period (at 4 weeks) for the purpose of understanding more about the participants’ experience of the treatment that they received. 
The mixed methods experimental design with an explanatory sequential core automatically assumes that the quantitative component is more strongly weighted than the qualitative component (Creswell & Plano Clark, 2017). The purpose of adding a qualitative component after the intervention period was “to help explain the quantitative outcomes, such as underrepresented variations in the trial outcomes” (Creswell & Plano Clark, 2017, p.198). Therefore, I decided to create guiding qualitative research questions based upon the quantitative findings. In this way, the eventuating qualitative findings gave more detail on how the different contexts of treatment may have influenced the quantitative outcomes (Creswell & Plano Clark, 2017). 

Figure 1. 
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[bookmark: _Toc94248865][bookmark: _Toc94249062][bookmark: _Toc94250240][bookmark: _Toc95060902][bookmark: _Toc95061107][bookmark: _Toc95282511][bookmark: _Toc95283005][bookmark: _Toc95284726][bookmark: _Toc95380060][bookmark: _Toc95380407][bookmark: _Toc95380755][bookmark: _Toc95658779][bookmark: _Toc95659133][bookmark: _Toc97540125][bookmark: _Toc97541183]Directional Hypotheses and Research Questions
After confirming the initial aims of the study (Table 1) the hypotheses and research questions were developed and refined. Hypotheses were created for the quantitative component of the study, and research questions were created for the qualitative and mixed-methods components of the study. 

Table 1. 
Quantitative, qualitative and mixed methods aims of the study
	
Component/phase

	
Aims

	
Quantitative
	
1. Functional activity of the paretic upper limb (primary outcome):
To examine the impact of FES+iPad-based music therapy on the functional activity and strength of the paretic upper limb, in comparison to usual treatment

2. Wellbeing outcomes (secondary outcome):
To examine the impact of FES+iPad-based music therapy, on the wellbeing outcomes of stroke survivors (self-reported levels of depression, anxiety, stress and self-efficacy) in comparison to the usual treatment control participants


	
Qualitative
	
To understand the participants’ experience of treatment


	
Mixed Methods
	
To gain a greater understanding of the impact of different upper limb interventions in stroke rehabilitation
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The creation of directional hypotheses seemed most appropriate as they were based upon existing literature relevant to this area (Creswell & Plano Clark, 2017). It was also important for me to plan the eventual analysis of the quantitative data to ensure that the statistical analyses would align with the premise of directional hypotheses. After consolidating the initial aims of the quantitative component of the study (Table 1), I formed the overall directional hypothesis of this study: stroke survivors will have better upper limb and wellbeing outcomes when they receive FES+iPad-based music therapy as an addition to usual treatment, than when they receive usual treatment only. Table 2 identifies the six directional hypotheses with their relevant area of focus and measure/s of assessment.  


	
Directional Hypothesis number (“DH#”)
	
Directional Hypothesis

	
Area of focus
	
Related measure/s

	DH1
	Stroke survivors have better upper limb functional activity when they receive FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only
	Upper limb functional activity

	Motor Assessment Scale (Upper limb Items)
9-Hole-Peg-Test


	DH2

	Stroke survivors have better upper limb strength when they receive FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Upper limb strength

	Grip Dynamometer
Manual Muscle Test (Upper limb Items)


	DH3

	Stroke survivors have lower self-reported levels of depression when they receive FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Depression

	DASS-21 (Depression score)


	DH4
	Stroke survivors have lower self-reported levels of anxiety when they receive FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Anxiety

	DASS-21 (Anxiety score)


	DH5
	Stroke survivors have lower self-reported levels of stress when they receive FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Stress

	DASS-21 (Stress score)


	DH6
	Stroke survivors have better self-reported self-efficacy when they receive FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Self-efficacy

	Stroke Self-efficacy Questionnaire



Table 2.
Directional hypotheses



87

[bookmark: _Toc94248867][bookmark: _Toc94249064][bookmark: _Toc94250242][bookmark: _Toc95060904][bookmark: _Toc95061109][bookmark: _Toc95282513][bookmark: _Toc95283007][bookmark: _Toc95284728][bookmark: _Toc95380062][bookmark: _Toc95380409][bookmark: _Toc95380757][bookmark: _Toc95658781][bookmark: _Toc95659135][bookmark: _Toc97540127][bookmark: _Toc97541185]Qualitative Research Questions
To address the qualitative aim (Table 1), I commenced this research with a broad question: “What is the stroke survivor’s experience of the treatment that they received?”. I then used the quantitative results to inform the development of specific qualitative research questions with which to approach the qualitative analysis. It was important to ensure that the qualitative research questions were open-ended in nature (e.g.: beginning with terms such as “what” or “how”) to promote open exploration of the participants’ reflection of their allocated treatment (Creswell & Plano Clark, 2017). Two qualitative research questions guided the qualitative analyses:
1. What did stroke survivors consider to be important across their experience of upper limb therapy?
2. How did the treatment each participant received influence their perception of progress?
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With the explanatory sequential methodological element of this mixed methods experimental design, I took a dependent approach when creating the mixed methods research question (Creswell & Plano Clark, 2017).  This approach meant that the qualitative aspect of the research question would be dependent upon the quantitative results of the study. Therefore, the finalised mixed methods research question was: how do the qualitative findings expand the understanding of the quantitative experimental results?
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The aim of this study was to examine the impact of FES+iPad-based music therapy on upper limb functional activity and wellbeing outcomes of stroke survivors. Based upon the mixed methods experimental design with an explanatory sequential core, my intent was to obtain different types of data that were complementary for the purpose of arriving at a more complete understanding of the phenomenon under investigation (Morse, 1991). The separate data sets were then compared between conditions (control and intervention) before being integrated together.
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As part of the recruitment process, liaison clinicians at each site informed me of stroke survivors that were eligible for the study. I then met with the stroke survivor (on site) to discuss the study and answer any questions that they had. Information about the study, along with the consent form, was then left with the stroke survivor (Appendix A). Stroke survivors were given up to three days to consider their engagement with the study.
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There were three data collection points in this study. Quantitative data from the primary (upper limb function) and secondary (wellbeing) outcomes were collected prior to the intervention period (at 0 weeks), on completion of the intervention period (at 4 weeks) and 3 months following the conclusion of the intervention period (at 4 months). Masked assessors conducted the quantitative assessments of upper limb function and wellbeing. These data were then entered into REDCap, a secure online data management program. The qualitative data were collected in the form of semi-structured interviews following the completion of the intervention period (at 4 weeks). All interviews with both control and intervention participants were conducted by me as the clinician-researcher. Four out of the eight participants from the control condition did not complete an interview as I initially planned to interview intervention participants only. Upon re-examination of the initially approved protocol, my supervisory team and I felt that both groups of participants should be interviewed about the experience of the treatment that they received. I then made an ethics amendment which was approved prior to interviewing the remaining control participants. As the study had already recruited four control participants who had consented to the initial protocol, I did not have consent to retrospectively interview them. 
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Collecting multiple data sets for the purpose of an integrative analysis helped me to produce a more holistic understanding of the impact of FES+iPad-based music therapy. Congruent with epistemological pluralism, I valued the importance of drawing upon a variety of sources of information (May, Hunter & Jason, 2016) through both standardised assessments and participant interviews. Further, and in considering that pluralism is a central aspect of Advaita Vedānta (Indich, 1995), I also intentionally considered the influence of Hindu philosophy, as an aspect my cultural background, on the methodological decisions of this study. As previously identified, Advaita Vedānta accepts six pranamas (epistemologies) to be central to its teachings. The second pranama of Upamāṇa considers comparison as the way to knowledge (Jha, 1986), and thus deeply influenced my methodological approach to first compare the findings of each data set between the intervention and control groups, before integrating them in the mixed methods analysis phase.
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The overarching aim of this research was to examine the impact FES+iPad-based music therapy for stroke survivors. Although the qualitative analysis was the secondary component of the study, it is important to clarify that the qualitative findings did not have any lesser value, but rather this ordering of analysis was a necessary step in the data analysis process to ensure for integration (Creswell & Plano Clark, 2017). Figure 2 depicts the process of data analysis.
My initial plan to analyse the quantitative data through a repeated measures one-way Analysis of Variance (ANOVA) did not eventuate due to an underpowered sample size. Thus, rather than analysing the data using inferential statistics, I calculated the mean change scores, 95% confidence intervals and effect sizes (Hedges’ g). The resultant findings informed the development of the guiding research questions which I used as the lens for analysing the qualitative data for each condition. My approach to qualitative analysis was based upon Reflexive Thematic Analysis (Braun & Clarke, 2006; Braun & Clarke, 2019), whereby I independently analysed the interview data for each condition. On completion of these analyses, I then compared the qualitative findings for each condition. As the intent of integration was to expand understanding and provide comprehensive results (Fetters & Molina-Azorin, 2017), I then embedded the findings of the qualitative comparison with the quantitative data through a joint display table data (Creswell & Plano Clark, 2017) and narrative reflection (Fetters, Curry & Creswell, 2013). 
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There were three points of data integration in this study: at the study design stage, via the method of analysis, and through the final interpretation and reporting of results.
[bookmark: _Toc94248875][bookmark: _Toc94249072][bookmark: _Toc94250250][bookmark: _Toc95061117][bookmark: _Toc95283015][bookmark: _Toc95284736][bookmark: _Toc95380070][bookmark: _Toc95380417][bookmark: _Toc95380765][bookmark: _Toc95658789][bookmark: _Toc95659143][bookmark: _Toc97540135][bookmark: _Toc97541193]The study design. Integration at the level of the study design was noted through the sequential process of creating the guiding research questions. As previously described, the qualitative research questions with which to approach the qualitative analysis were based upon the quantitative results.
[bookmark: _Toc94248876][bookmark: _Toc94249073][bookmark: _Toc94250251][bookmark: _Toc95061118][bookmark: _Toc95283016][bookmark: _Toc95284737][bookmark: _Toc95380071][bookmark: _Toc95380418][bookmark: _Toc95380766][bookmark: _Toc95658790][bookmark: _Toc95659144][bookmark: _Toc97540136][bookmark: _Toc97541194]	Method of analysis. Prior to implementing Reflexive Thematic Analysis, I first organised the qualitative data into the key domains. These key domains were based upon the directional hypotheses of the quantitative component of the study (see Chapter 8). 
[bookmark: _Toc94248877][bookmark: _Toc94249074][bookmark: _Toc94250252][bookmark: _Toc95061119][bookmark: _Toc95283017][bookmark: _Toc95284738][bookmark: _Toc95380072][bookmark: _Toc95380419][bookmark: _Toc95380767][bookmark: _Toc95658791][bookmark: _Toc95659145][bookmark: _Toc97540137][bookmark: _Toc97541195]	Final interpretation and reporting of the findings. I used a joint display table to present the condensed quantitative and qualitative findings in preparation for responding to the mixed methods question. I then presented the integrated findings through a narrative form using a technique whereby the quantitative data (e.g. mean change scores and effect sizes) and qualitative data (e.g. themes and participant quotes) “weave[d] back and forth around similar concepts” (Fetters, Curry & Creswell, 2013, p. 2150). Through this purposeful integration of the diverse data sets (Shorten & Smith, 2017), I was able to arrive at a more holistic understanding of the FES+iPad-based music therapy intervention.
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	This chapter presented my philosophical influences and an overview of the study design. The next chapter will detail the methodology of the study and the intervention protocol. 
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[Hospital Name]

PARTICIPANT CONSENT INFORMATION SHEET AND CONSENT FORM

CLINICAL TRIAL 
(EXCLUDING GENETIC TESTING AND COLLECTION/STORAGE OF HUMAN TISSUE)

Examining the effect of FES+iPad-based music therapy on arm/hand function and wellbeing outcomes for stroke survivors
Invitation
You are invited to participate in a research study looking at the effects of combining music therapy with functional electrical stimulation on arm and hand function after stroke. Though functional electrical stimulation (FES) is not a compulsory treatment of standard care, it is an evidence-based therapy that is widely used in stroke rehabilitation of the arm and hand. Further, though music therapy is not part of standard care, it has been shown to allow people to engage in music-based exercises, such as playing an instrument, as part of their rehabilitation and therapy. In iPad-based music therapy, the instrument that is used is in the form of an iPad application. In this project, we will use “ThumbJam”; a touch-sensitive iOS application in which instrumental sounds and scales (combinations of notes) can be programmed according to the preference of the user.  
This study will examine the effect of combining FES and iPad-based music therapy (“FES+iPad-based music therapy”) as an addition to usual treatment, in comparison to usual treatment alone. The music therapy sessions (“FES+Pad-based music therapy) will be delivered in addition to the usual treatment (standard care) at [Hospital Name]. It is important to note that FES may or may not already be part of usual treatment at [Hospital Name]. The primary aim of this research is to examine whether the addition of FES+iPad-based music therapy will further improve the functional activity of the affected arm and hand of stroke survivors. The secondary aim of this research is to examine the effect of the addition FES+iPad-based music therapy on wellbeing outcomes such as self-efficacy, depression, anxiety and stress, in comparison to usual treatment. 

The study is being conducted by:

Dr. Jeanette Tamplin	
Chief Researcher
The University of Melbourne

Dr. Simone Dorsch
Co Researcher
Australian Catholic University

Ms Tanya Marie Silveira
Co Researcher
The University of Melbourne

Before you decide whether or not you wish to participate in this study, it is important for you to understand why the research is being done and what it will involve. Please take the time to read the following information carefully and discuss it with others if you wish.

1. What is the purpose of this study?
The purpose of this study is to investigate whether a novel iPad-based music therapy intervention with Functional Electrical Stimulation (FES+iPad-based music therapy) in addition to usual treatment will improve the functional activity of the arm/hand, and wellbeing outcomes for stroke survivors. 


2. Why have I been invited to participate in this study?
You are eligible to participate in this study because you have had a recent stroke resulting in weakness in your affected arm/hand and you are currently an inpatient at [Hospital Name].

3. What if I don’t want to take part in this study, or if I want to withdraw later?
Participation in this study is voluntary. It is completely up to you whether or not you participate. If you decide not to participate, it will not affect the treatment you receive now or in the future. Whatever your decision, it will not affect your relationship with the staff caring for you.

New information about the treatment being studied may become available during the course of the study. You will be kept informed of any significant new findings that may affect your willingness to continue in the study.

If you wish to withdraw from the study once it has started, you can do so at any time without having to give a reason.

However, it may not be possible to withdraw your data from the study results if these have already had your identifying details removed.


4. What does this study involve?
If you agree to participate in this study, you will be asked to sign the Participant Consent Form.

This randomised trial will be conducted over 4 months at the hospital in which you are currently based ([Hospital Name]). The FES+iPad-based music therapy intervention length is 4 weeks. After you have signed the consent form, a researcher will conduct screening assessments as necessary, to confirm your eligibility to take part in the study. You will then complete the pre-intervention assessments of your weak arm and self-report wellbeing questionnaires. An assessor who doesn’t know whether you are in the music therapy group or usual treatment group, will then conduct the same assessments of your weak arm after the 4-week intervention period (at 4 weeks) and 3 months following the intervention period (at 4 months) at [Hospital Name]. This assessor will also ask you to complete the self-report wellbeing questionnaires, at these same time periods. You will also be asked to be interviewed about your experience of the intervention (music therapy condition) or your general rehabilitation (control condition) on completion (at 4 weeks). If you are not returning to participate in the hospital’s day program 3 months following intervention completion (at 4 months), we request your permission for the blinded assessor to travel to your home to conduct the final 3-month follow up assessments. If you receive FES+iPad-based music therapy, one of the researchers will also give you a follow up phone call (at 4 months) to see if you have continued to practise with the iPad.  

‘Randomised trial’: Sometimes therapists don’t know the best way of treating patients with a particular condition so comparisons need to be made between different treatments. To do this, study participants are put into groups and given different treatments, and the results are compared to see whether one treatment is better. To ensure the groups are similar to start with, a computer allocates each study participant into a group randomly, like the flip of a coin. Neither the researcher nor the study participant can decide which treatment the participant receives. 

If you agree to participate in this trial, you will then be asked to: 
· Complete the Mini Mental State Examination 
· The Mini-Mental State Examination is a 30-point questionnaire used to assess thinking skills. This assessment will take up to 10 minutes. This test will only be conducted once prior to group allocation. 
· Complete 3 assessments of arm function at 3 time points – baseline, after the 4-week intervention period and 3 months following the intervention period. The assessments include;
· Motor Assessment Scale – Arm items (3 items, 10 minutes) 
· This assessment is used to assess the everyday movement function of the arm in stroke survivors. We will assess 3 arm items; upper arm function, hand movements and advanced hand activities 
· Manual Muscle Test of the Arm (5 items, 10 minutes)
· This assessment will measure the arm strength. There are 5 items included in this assessment: shoulder flexors, elbow extensors, elbow flexors, wrist extensors and wrist flexors
· 9 Hole Peg Test (5 Minutes) 
· This assessment is used to measure finger movement. This assessment consists of one task – taking pegs from a container (one by one) and then placing each peg into a hole on the board, as quickly as possible.
· Complete 2 wellbeing questionnaires at 3 time points - baseline, after the 4-week intervention period and 3 months following the intervention period. The questionnaires include;	
· The Stroke Self-Efficacy Questionnaire (13 items, 5 minutes)
· This questionnaire measures your confidence in your abilities 
· Depression Anxiety & Stress Scale (21 items, 10 minutes) 
· Participate in 20 FES+iPad-based music therapy sessions and usual treatment OR usual treatment only for 4 weeks
· Be video recorded during session 5, 10, 15 and 20. Please note that the video will be of the hand, iPad and FES only – i.e. your face will not be included in the frame of recording. 
· Participate in a 30-minute interview about the experience of either the music therapy intervention (only for those in the FES+iPad-based music therapy group) or your general experience of rehabilitation.
· Receive a follow up phone call 3 months following intervention completion (only for those in the FES+iPad-based music therapy group) 

In addition, the researchers would like to have access to your medical record to obtain information relevant to the study.


5. How is this study being paid for?
This study is for a PhD research project. The PhD student will deliver the FES+iPad-based music therapy interventions at no cost. 

6. Are there risks to me in taking part in this study?
All medical procedures involve some risk of injury. In addition, there may be risks associated with this study that are presently unknown or unforeseeable. In spite of all reasonable precautions, you might develop medical complications from participating in this study. The known risks of this study are:

When using electrode pads during electrical stimulation skin irritation may occur if the pads do not make proper contact with the skin, or discomfort may occur if the intensity is high. To avoid skin irritation, non-latex hypoallergenic electrode pads will be used. If you experience discomfort as a result of electrical stimulation, you will be offered the opportunity to discontinue the session.
Further to this, some people may use their shoulder too much when engaging in wrist movement, which could cause some mild discomfort. This has been accounted for within the intervention protocol itself as the music therapist will offer physical support at the wrist in the initial stages of the intervention. If you experience excessive pain or discomfort you will be offered the opportunity to discontinue the session. 

It is possible singing and playing familiar melodies, or completing the questionnaires about wellbeing may bring up strong emotions. The music therapist facilitating the sessions is highly skilled and able to help you through any difficult experiences you have. If you become upset or distressed as a result of your participation in the research, the study researchers will be able to arrange for counselling or other appropriate support. 
Adding another therapy to the existing program of daily therapy may cause you to become more tired. The music therapist will work with your treating team to ensure that the timetabling of the FES+iPad-based music therapy intervention does not interfere with usual treatment, and the scheduling will allow for maximum participation and minimise the potential for fatigue.  

There may also be risks associated with this trial that are presently unknown or unforeseeable.


7. What are the alternatives to participation? 
You do not have to take part in this research project to receive treatment at this hospital. If you consent to participate in this study, you will continue to receive usual rehabilitation treatment. If you are allocated to the intervention, you will receive FES+iPad-based music therapy sessions in addition to your usual rehabilitation treatment. 


8. What happens if I suffer injury or complications as a result of the study?
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]If you suffer any injuries or complications as a result of this study, you should contact the researcher as soon as possible, who will assist you in arranging appropriate medical treatment.

You may have a right to take legal action to obtain compensation for any injuries or complications resulting from the study.  Compensation may be available if your injury or complication is caused by the procedures, or by the negligence of any of the parties involved in the study. If you receive compensation that includes an amount for medical expenses, you will be required to pay for your medical treatment from those compensation monies. 

If you are not eligible for compensation for your injury or complication under the law, but are eligible for Medicare, then you can receive any medical treatment required for your injury or complication free of charge as a public patient in any Australian public hospital.


9. Will I benefit from the study?
This study aims to further medical knowledge and may improve future treatment of stroke recovery, however it may not directly benefit you.

10. Will taking part in this study cost me anything, and will I be paid?
Participation in this study will not cost you anything. 

11. How will my confidentiality be protected?
Of the people treating you, only the researchers (Dr. Jeanette Tamplin, Dr. Simone Dorsch, Ms Tanya Marie Silveira) and hospital staff involved in your care will know whether or not you are participating in this study. Any identifiable information that is collected about you in connection with this study will remain confidential and will be disclosed only with your permission, or except as required by law. You will be assigned a number when you are enrolled in the study and this number will be used (instead of your name) to identify you on all of the information we collect about you Only the researchers named above will have access to your details and results that will be stored securely at The University of Melbourne.

12. What happens with the results?
If you give us your permission by signing the consent document, we plan to discuss/publish the results as part of a PhD thesis, in peer-reviewed journals, at presentations at conferences and other professional forums. 

In any publication, information will be provided in such a way that you cannot be identified. Results of the study will be provided to you, if you wish.


13. What happens to my treatment when the study is finished?
The music therapy intervention will not be available after the study finishes. However, the usual treatment will continue.
 

14. What should I do if I want to discuss this study further before I decide?
When you have read this information, the graduate researcher Ms Tanya Silveira will discuss it with you and any queries you may have. If you would like to know more at any stage, please do not hesitate to contact her on 0431 235 587. Ms Tanya Silveira is a Registered Music Therapist and PhD student with the University of Melbourne. 

15. Who should I contact if I have concerns about the conduct of this study?
This study has been approved by the South Eastern Sydney Local Health District Human Research Ethics Committee. Any person with concerns or complaints about the conduct of this study should contact the Research Support Office which is nominated to receive complaints from research participants. You should contact them on 02 9382 3587, or email SESLHD-RSO@health.nsw.gov.au and quote 17/256.


The conduct of this study at the [Hospital Name] has been authorised by the South Eastern Sydney Local Health District. Any person with concerns or complaints about the conduct of this study may also contact the Research 
Governance Officer of SESLHD is Asatina Viviani-Tukutama [seslhd-rso@health.nsw.gov.au]. 

Thank you for taking the time to consider this study.
If you wish to take part in it, please sign the attached consent form.
This information sheet is for you to keep.


[Hospital Name]
CONSENT FORM
[To be used in conjunction with a Participant Information Sheet]
Examining the effect of FES+iPad-based music therapy on arm/hand functioning and wellbeing outcomes for stroke survivors

1. 	I,................................................................................................................. of................................................................................................................
agree to participate in the study described in the participant information statement set out above.

2.	I acknowledge that I have read the participant information statement, which explains why I have been selected, the aims of the study and the nature and the possible risks of the investigation, and the statement has been explained to me to my satisfaction.

3.	Before signing this consent form, I have been given the opportunity of asking any questions relating to any possible physical and mental harm I might suffer as a result of my participation and I have received satisfactory answers.

4.	I understand that I can withdraw from the study at any time without prejudice to my relationship to the University of Melbourne, the Australian Catholic University, or [Hospital Name], where I am currently a patient. 

5.	I agree that research data gathered from the results of the study may be published, provided that I cannot be identified.

6.	I understand that if I have any questions relating to my participation in this research, I may contact Tanya Silveira on telephone 0431 235 587, who will be happy to answer them.

7. I acknowledge receipt of a copy of this Consent Form and the Participant Information Statement.

Complaints may be directed to the Research Ethics Secretariat, South Eastern Sydney Local Health District, [Hospital Name] Randwick NSW 2031 Australia (phone 02-9382 3587, fax 02-9382 2813, email SESLHD-RSO@health.nsw.gov.au .
[bookmark: _Toc94248883][bookmark: _Toc94249080]
Signature of participant 		Please PRINT name 			Date


_________________________  	_______________________ 		_________

Signature of witness 		Please PRINT name			Date


_________________________ 	_______________________ 		________
[bookmark: _Toc94248884][bookmark: _Toc94249081]Signature of investigator 		Please PRINT name		Date

[bookmark: _Toc94248885][bookmark: _Toc94249082]_________________________ 	_______________________		_________


[Hospital Name]

Examining the effect of FES+iPad-based music therapy on arm/hand functioning and wellbeing outcomes for stroke survivors

[bookmark: _Toc94248886][bookmark: _Toc94249083]WITHDRAWAL OF CONSENT

I hereby wish to WITHDRAW my consent to participate in the study described above and understand that such withdrawal WILL NOT jeopardise any treatment or my relationship with the University of Melbourne, the Australian Catholic University, or [Hospital Name] where I am currently a patient.


[bookmark: _Toc94248887][bookmark: _Toc94249084]Signature of participant 		Please PRINT name 			Date


_________________________  	_______________________ 	_______________


The section for Revocation of Consent should be forwarded to Dr. Jeanette Tamplin at the University of Melbourne – 234 St Kilda Rd Southbank, VIC 3006. 
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The next chapter will present the methodology and intervention protocol of this study, which was written and published prior to data collection. The initial plan to conduct research based upon a convergent mixed methods design (as indicated in this paper) was updated to the mixed methods experimental design with an explanatory sequential core (Chapter 3) after publication. Though this paper identifies that recruitment was to be conducted across seven sites, only five sites were included. The final two sites were scheduled for recruitment in March 2020, however due to the covid pandemic, data collection ceased altogether at this time. It is also important to note that even though I was initially employed as a Registered Music Therapist with one site, my employment ceased prior to recruitment. Further, future tense is used (rather than past tense) as this is a protocol paper. I was the interventionist for the FES+iPad-based music therapy intervention and have thus identified myself as the “clinician-researcher” in this paper. The publication of this chapter is as follows:
Silveira, T. M., Dorsch, S., Thompson, G., & Tamplin, J. (2020). Functional electrical stimulation+ iPad-based music therapy for upper limb recovery after stroke: Study protocol for a mixed-methods randomised controlled trial. Nordic Journal of Music Therapy, 1-24. https://doi.org/10.1080/08098131.2020.1795704
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Introduction: Music therapy offers an effective avenue for simultaneously addressing goals of upper limb function and wellbeing post stroke. However, there are currently no trials of therapeutic music-making interventions for stroke survivors with a very weak upper limb (Grade 0-3 level of strength). This randomised controlled trial will examine the effect of Functional Electrical Stimulation (FES) with iPad-based music therapy on upper limb recovery and wellbeing outcomes for stroke survivors. 
Method: This convergent mixed methods study will take place at seven participating hospitals in Sydney, Australia. Forty participants will be randomly allocated to usual care only or usual care plus daily FES+iPad-based music therapy for four weeks (20 sessions). Standardised assessments of the paretic upper limb and self-report wellbeing measures will be administered at three time points (pre- and post- intervention, and at three months follow up) by a blinded assessor. All participants will be interviewed about their perceptions of the way the treatment they received (usual care only or usual care plus daily FES+iPad-based music therapy) supported their recovery. 
Results: Ethics approval has been granted and data collection has commenced. 
Discussion: This treatment approach has the potential to improve upper limb function and wellbeing for stroke survivors. The intervention is novel in its capacity to engage 
stroke survivors with a very weak upper limb in therapeutic music-making. 
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Music therapy, upper limb, stroke, iPad, FES
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Each year approximately 50,000 people suffer a stroke in Australia alone (Queensland Brain Institute, 2018). On a global scale, stroke now impacts approximately 15 million people each year, leaving 5 million people with a permanent disability (World Health Organisation, 2020).
 Motor impairment in the form of hemiparesis is the most prevalent consequence of stroke, impacting at least 80% of survivors (Hatem et al., 2016). Of the 80% with hemiparesis, 50% of survivors will have long-lasting loss of upper limb function (Intercollegiate Stroke Working Party, 2016), thereby significantly limiting their ability to engage with Activities of Daily Living (e.g. bathing, eating, etc), leisure activities and work (Aparicio et al., 2016; Mehrholz, Pohl, Platz, Kugler & Elsner, 2015). Though literature identifies the benefits of various interventions for mild impairment, regaining function of the upper limb of stroke survivors with moderate-to-severe impairment is still challenging (Carmona, Wilkins, Drogos, Sullivan, Dewald & Yao, 2018). The most commonly evaluated factors potentially influencing outcomes of stroke include; the location of stroke onset (Cheng et al., 2014; Feng et al., 2015), the severity of the stroke (Rost et al., 2016), and the time frame in which intensive rehabilitation commenced (Lynch, Hillier, & Cadilhac, 2014). Approximately one-third of stroke survivors suffer from post-stroke depression (Hackett & Pickles, 2014; Persaud et al., 2018). This is a significant statistic, especially considering the fact that the presence of cognitive decline and depression in stroke survivors are indicative of a negative prognosis (Dušica, Devečerski, Jovićević, & Platiša, 2015; Paolucci, 2017). 
Given the frequency of hemiparesis and depression post stroke, innovative rehabilitation approaches with potential to target both these factors would be beneficial to long-term outcomes. Music therapy has been reported to address wellbeing and physical goals simultaneously (Särkämö, 2017; Silveira, Tamplin, Dorsch & Barlow, 2018). Whilst addressing the physical goal of music-making, the individual is given an avenue to engage in expressive acts as part of their rehabilitation (Raglio et al., 2017), which may have a positive effect on mood and reduce symptoms of depression post-stroke (Kim et al., 2011).
A recent Cochrane review found that there were only six randomised controlled trials examining the effect of musical interventions for upper limb stroke rehabilitation (Magee, Clark, Tamplin & Bradt, 2017). Studies that identify benefits of using musical instruments for upper limb stroke rehabilitation include music therapy and music-supported therapy interventions. In music therapy, a credentialed music therapist uses music within a therapeutic relationship to address patient goals (Australian Music Therapy Association, 2012). Randomised controlled trials suggest that music therapy has a moderate (Scholz et al., 2016) to significant effect on the functional activity of the paretic upper limb in stroke survivors (Chouhan & Kumar, 2012; Raglio et al., 2017; Scholz et al., 2016; Thaut, Hoemberg, Hurt, & Kenyon, 1998; Yakupov, Nalbat, Semenova, & Tlegenova, 2017). One study also reported decreased anxiety and depression for stroke survivors participating in music therapy (Raglio et al., 2017). 
Music-supported therapy is a novel approach utilised for post-stroke motor rehabilitation (Tong et al., 2015). Generally facilitated by physiotherapists and/or occupational therapists, this approach focuses on the use of instrument playing to address physical goals only (Rodriguez-Fornells, Rojo, Amengual, Ripolles, Altenmuller & Munte, 2012). Research on music-supported therapy suggests that using musical instruments for post-stroke upper limb rehabilitation is feasible (Hill, Dunn, Dunning, & Page, 2011) and can improve upper limb function (Altenmüller, Marco-Pallares, Münte, & Schneider, 2009), particularly with respect to speed and precision of movement (Schneider et al., 2007). Randomised controlled trials found that participants who engaged in playing musical instruments as part of their upper limb therapy exhibited clinically significant increases in active shoulder and elbow range (Hill, Dunn, Dunning & Page, 2011; Paul & Ramsey, 1998). Therefore, there is some evidence for the efficacy of combining therapy-focused musical instrument playing with conventional treatment (physiotherapy and occupational therapy) for upper limb stroke (Tong et al., 2015). 
Previous research implies that stroke survivors must have some level of function in the paretic upper limb to engage in music-making, whether they be in sub-acute care (Grau‐Sánchez et al., 2018) or in the community setting (Street et al., 2018). Therefore, referrals for music therapy specifically aimed at post-stroke upper limb rehabilitation typically exclude individuals with limited to no functional movement in the paretic upper limb (Silveira et al., 2018). In order to give this subgroup of stroke survivors access to music therapy for the purpose of upper limb rehabilitation, a new approach may be required. 
Functional Electrical Stimulation (FES) is a commonly used intervention for post-stroke motor rehabilitation (Eraifej, Clark, France, Desando, & Moore, 2017). The purpose of FES in stroke rehabilitation is to improve the performance of a specific activity by increasing muscle activation. During FES, weakened muscle groups are electrically stimulated at the specific moment that the stroke survivor is to engage in a particular action (de Kroon, Lee, IJzerman & Lankhorst, 2002). A recent systematic review found a statistically significant benefit of FES on success with activities of daily living when applied within two months of stroke onset (SMD 1.24; CI (0.46, 2.03]; n=32) (Eraifej et al., 2017). Another systematic review found an overall effect size of 0.47 (95% CI 0.26-0.68) for strength and an overall effect size of 0.30 (95% CI 0.05-0.56) for functional activity in favour of electrical stimulation, where the majority of the included studies (10/16) specifically looked at the effect of electrical stimulation on the upper limb (Nascimento, Michaelsen, Ada, Polese & Teixeira-Salmela, 2014). It has also been suggested that electrical stimulation may contribute to neuroplastic changes (Stinear & Hubbard, 2012).
In recent times, tablet applications have been shown to be particularly useful for people with dense hemiparesis as they utilise touch sensitive mechanisms requiring minimal strength and range of movement (Silveira et al., 2018). The growing inclusion of tablet technology in stroke rehabilitation indicates that it is a feasible and acceptable modality for treatment delivery (Ameer & Ali, 2017; Saposnik, et al., 2014). Further, the accessibility of tablet technology offers the stroke survivor the opportunity to independently practice repetitive, intensive and task-specific training of the paretic upper limb between formal treatment sessions (Hubbard, Parsons, Neilson, & Carey, 2009). 
A global challenge faced by stroke survivors is the restoration of self (Raghavan, et al., 2016). A solution to this challenge could be in combining therapies to address the simultaneously address the physical, psychological and social domains of rehabilitation (Raghavan, et al., 2016). Therefore, engaging the upper limb in instrument playing through improvisation may also foster non-verbal expression, which can have a significantly positive impact in neurorehabilitation (Magee, Clark, Tamplin & Bradt, 2017). Further, by encouraging the participant to explore a novel touch-sensitive musical instrument, they may see abilities that they were previously not aware of. This is particularly significant in rehabilitation, where increases in confidence may promote continued engagement for stroke survivors (Jones, Mandy & Partridge, 2007).
	The literature indicates individual benefits of music therapy, FES and tablet technology for post-stroke rehabilitation. Until now, music therapy interventions (for upper limb rehabilitation) have only been reported for stroke survivors with some level of upper limb function. As FES can be used to stimulate movement for stroke survivors with minimal to no function, its inclusion in music-based interventions may make music therapy available to stroke survivors for whom it was previously inaccessible. The music-making aspect of the intervention can also address goals of wellbeing. Based on these theoretical underpinnings we have created the FES+iPad-based music therapy treatment protocol in order to utilise the combined benefits of music therapy, FES and tablet technology for upper limb rehabilitation and wellbeing outcomes post stroke. 
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This research aims to examine the impact of FES+iPad-based music therapy (as an addition to usual care) on upper limb functional activity and wellbeing outcomes for stroke survivors. The primary objective is to identify whether the functional activity of the paretic upper limb improves with FES+iPad-based music therapy. The secondary objective is to identify whether wellbeing outcomes (self-efficacy, depression, anxiety and stress) improve with FES+iPad-based music therapy. Additional qualitative data gathered will be used to explore the participant experience about how the treatment they received (usual care only or usual care plus daily FES+iPad-based music therapy) supported their recovery. 
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	This study has a convergent mixed methods design as shown in Figure 1. The primary quantitative component of the design includes a randomised controlled trial with concealed allocation, intention to treat analysis and blinded assessors. Forty participants will be recruited from seven rehabilitation hospitals in Sydney, Australia. As this is a multi-site study, a separate randomisation sequence will be generated for each site to ensure even distribution of intervention and control participants at each site (block randomization of 4). An offsite researcher who has no contact with participants holds the concealed random allocation sequences. Following baseline assessment, the recruiter will contact this offsite researcher to reveal group allocation for each participant.
The required sample size was calculated for the primary outcome: functional activity of the paretic upper limb as measured by the motor assessment scale. Using published data by Lannin and colleagues (2003) we calculated that a sample size of 19 will give an 80% probability of detecting a difference of 3/18 (approximately 20%) between the two groups on the upper limb items of the motor assessment scale. This has been calculated with an alpha level of 0.05 and a 15% dropout rate. This number has been rounded to 20 participants per group, giving a total sample size of 40.


















Figure 1.
The study design flow chartIdentification of potential participants
Screening / consent
Enrolment
Baseline assessments (upper limb measures and wellbeing questionnaires)
Block Randomization (sequence of 4)
 Treatment Phase (4 weeks)
Control (usual treatment)
FES+iPad-based music therapy AND usual treatment 
Post-test assessments and interview
3-month follow up assessments
Post-test assessments and interview
3-month follow up assessments
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Participants eligible for this study will be adult inpatients at the participating hospitals, with recent stroke onset (of any type) resulting in upper limb impairment. Screening will take place once patients have commenced the rehabilitation phase of their treatment. Patients to be included in the screening process will be identified by the advice of a liaison staff member based on the selection criteria. Identified eligible patients will then be provided detailed information about the study and given the Participant Information Statement and Consent Form by the first author. Consenting patients will then complete the formal screening assessments and baseline assessment session prior to randomization.
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1.  Age 18 years old or over (no upper limit)
2. Medical diagnosis of stroke of any cause
3. Recruitment within 4 weeks of stroke onset
4. Inpatient status at one of the hospital recruitment sites
5. Less than grade 3 level of strength (inclusive) in at least 3 out of 5 muscle groups of the affected upper limb (shoulder flexors, elbow extensors, elbow flexors, wrist extensors and wrist flexors)[footnoteRef:3] [3:  Stroke survivors that have a level of strength greater than level 3 do not require electrical stimulation. ] 

6. Score at least 24 on the Mini Mental State Examination
7. Able to follow 2-stage commands
8. Predicted length of stay to be a minimum of 4 weeks from recruitment[footnoteRef:4] [4:  Intervention period is four weeks.] 
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(a) Impairment in receptive communication
(b) Cardiac pacemaker, hypersensitivity to electrical stimulation, severe skin conditions, and/or epilepsy[footnoteRef:5]  [5:  Patients with a cardiac pacemaker, hypersensitivity to electrical stimulation, severe skin conditions and epilepsy are not recommended to receive electrical stimulation (Roy, n.d.). 
] 

 (d) Any pre-existing condition affecting upper limb function, e.g. Arthritis 
The study was approved by the South East Sydney Local Health District (SESLHD) Human Research Ethics Committee. The study was registered with the Australian New Zealand Clinical Trials Registry (www.anzctr.org.au – registration number ACTRN12618000344291). Written informed consent will be obtained from all participants.
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	Outcomes from this study will be measured using standardised assessments of upper limb function, self-report questionnaires and semi-structured interviews. 
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The functional activity of the paretic upper limb will be measured using standardised quantitative tests. The principle outcome measure for testing functional activity will be the upper limb items from the Motor Assessment Scale (UL-MAS) (Carr & Shepherd, 1994). The motor assessment scale contains a total of eight items that assess the functional activity of the individual after stroke onset. For the purpose of this study, the three items of upper limb function will be assessed, including; upper arm function, hand movements and advanced hand activities. Other measures of upper limb strength and function to be included are the Manual Muscle Tests of the upper limb (MMT-UL) (Kendall & McCreary, 1993), the 9-Hole-Peg test (9HPT) (Mathiowetz et al., 1985) and the grip dynamometer (Hamilton, McDonald & Chenier, 1992). The MMT-UL is used to measure upper limb strength. In this study, five muscle groups will be assessed: shoulder flexors, elbow extensors, elbow flexors, wrist extensors and wrist flexors. The 9HPT is used to measure finger dexterity; in this test, the participant is instructed to move pegs from one container (one-by-one) to a hole in a board (as quickly as possible). A dynamometer is a hand-held device used for measuring the hand strength of an individual (Hamilton, McDonald & Chenier, 1992). 
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Participant wellbeing will be assessed using the Stroke Self-Efficacy Questionnaire (SSEQ) and the Depression Anxiety and Stress Scale (DASS). The SSEQ is a psychometrically robust 13-item self-report measure used to assess a stroke survivor’s level of confidence in functional performance post-stroke (Jones, Partridge, & Reid, 2008; Riazi, Aspden & Jones, 2014). The DASS is a 21-item self-report measure assessing depression, anxiety and stress (Henry & Crawford, 2005). Each subscale of the DASS has seven items, with a total possible score range of 0-21 (higher scores indicate greater severity of symptoms).
All quantitative assessments and questionnaires will be conducted by an assessor (either a physiotherapist or occupational therapist) who is blinded to group allocation at the following designated time points; at baseline (prior to group allocation), immediately post the 4-week intervention period, and 3 months following intervention completion. 
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The conclusion of the intervention period will be marked by the completion of the 20th session (intervention participants) and/or 4-week treatment period (control participants). However, should a participant be scheduled for an early discharge, the conclusion of the intervention period will be marked by their final session and/or inpatient day. On conclusion of the intervention period, the clinician-researcher (first author) will interview all participants about their perception of the way the treatment they received (usual care only or usual care plus daily FES+iPad-based music therapy) supported their recovery.
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The Blinded Assessors will be instructed to enter the quantitative data into REDCap; a secure online data management program. Using the baseline data as the covariate, an Analysis of covariance (ANCOVA) will be used to determine whether there are any significant differences in functional activity (primary outcome) of the paretic upper limb or emotional wellbeing (secondary outcome) between the control and experimental conditions. We will report on all mean group differences and 95% confidence intervals.
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The semi-structured interview recordings will be transcribed verbatim. Using the 6-step procedure outlined by Braun and Clark (2006), thematic analysis will be employed to generate themes from the interview data (Braun & Clark, 2006). The purpose of this analysis will be in uncovering patterns related to the overall research question: How did engaging in the intervention you receive (usual treatment vs. usual treatment and FES+iPad-based music therapy) support your recovery? 
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After completing the quantitative and qualitative analyses separately, the data sets will be merged either by comparision or relation (Creswell, 2009). The results of this merge will then be used to address the initial research question of the study. 
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Participants in both the control and experimental conditions receive the usual rehabilitation therapies provided at each hospital. As a multi-site trial, the following descriptor detailing usual therapy for post-stroke upper limb rehabilitation was created and accepted by each site:
Both groups will undergo inpatient rehabilitation, which will continue as usual, including usual arm therapy. Usual arm therapy [for stroke rehabilitation] is delivered as three to five hours per week of group therapy and one to five hours per week of individual therapy, plus some independent practice. For very weak muscles (i.e. Grade 0, 1 and 2), usual arm therapy involves providing an environment where repetitive active movements could be attempted using gravity-eliminated positions, decreasing friction and shortening the lever arm of the limb. For stronger muscles (i.e. Grade 3 or 4) usual arm therapy includes progressive resistance exercise and task specific training.
The type, frequency and dose of usual treatment for each participant will be documented to account for variation in treatment between participants and sites. 
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In addition to usual therapy, the participants in the experimental condition will receive FES+iPad-based music therapy. The intervention was developed and expanded from previously published clinical work (Silveira, Tamplin, Dorsch & Barlow, 2018). This music therapy intervention combines electrical stimulation with iPad-based music-making (using the IOS application “ThumbJam©”). The purpose of the intervention is to engage stroke survivors with a very weak upper limb in therapeutic music-making, whereby the movement of the paretic upper limb on the iPad-based instrument is initially triggered by electrical stimulation. Electrical stimulation will initially focus on the simultaneous movement of wrist and finger extension of the paretic hand to engage in producing sound on the iPad-based instrument. Over the course of the intervention period, participants will work toward initiating movement without electrical stimulation. 
Participants in the experimental group will receive 20 individual sessions of daily FES+iPad-based music therapy plus their usual treatment (as described above), over a 4-week period. The type, frequency and dose of usual treatment for each participant will be documented. Sessions will take place 5 days a week (weekdays) and each session is allocated 1 hour (30-45 minutes of music-making). Sessions 5, 10, 15 & 20 will be video recorded for fidelity checking. 
The FES will initially be applied to the participant’s paretic upper limb by the treating physiotherapist or occupational therapist. As this intervention is centred on music-making, triggered electrical stimulation (external triggering of on/off periods of electrical stimulation) will be used. Continuous stimulation will be applied as determined by the musical task or length of musical engagement. To ensure that the participant’s upper limb is appropriately supported, a firm cushion will be placed under the elbow and forearm during the intervention. 
	Participants will select at least two of the three streams of music-making from the FES+iPad-based music therapy intervention protocol (as described below). The impact of the various combinations of music-making streams on the participants’ functional activity, motivation and self-reported wellbeing over the course of the intervention period will be examined. 
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	It is important to identify and define the terminology that will be used throughout the protocol. The decision trees used for the intervention protocols reference the following terms:
· Pt.: the participant receiving FES+iPad-based music therapy (experimental group).
· Active wrist extension: the participant engaging in the movement of wrist extension without the aid of electrical stimulation (i.e. during ‘off’ periods of electrical stimulation).
· x beats: the programming of meter for the metronome. 
· Maintain: in the maintain phase, electrical stimulation will initiate the extension of the wrist and fingers and the participant will be asked to hold this position once the electrical stimulation ceases (i.e. during ‘off’ periods of electrical stimulation). Participants will then be asked to slowly release the hand back down.
· Finger tapping: the ability of the participant to extend and flex the finger/s to produce sound on the iPad-based instrument.
· Isolated finger tapping: the ability of the participant to purposefully isolate each finger movement and produce single note sounds on the iPad-based instrument. 
· Patterned finger tapping: the ability of the participant to follow a pattern of isolated finger movement when producing single note sounds that are in a specific order on the iPad-based instrument. 
· Initiate: the ability of the participant to begin the movement without the aid of electrical stimulation.
· Phrase: if the participant is learning a song with lyrics, one phrase will be determined by one full lyrical line.
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Participants may determine the ordering and time spent engaging with the music-making streams each session. Each session will include 30 to 45 minutes of music-making, depending on fatigue. Prior to commencing music-making, the music therapist will perform light massage on the paretic hand of the participant to promote blood flow. The three music-making streams of directed improvisation, song learning and free improvisation are described below. Free improvisation is different to directed improvisation and song learning as it is the only stream of music-making that does not involve specific task progression. Participants engaging in directed improvisation and song learning may only progress on successful completion of previous exercises as per the relevant decision tree. Participants will be asked to select at least 2 streams of music-making to engage with over the course of the 4-week intervention period – participants may engage in multiple music-making streams or one music-making stream each session. On repetition of the decision trees, if the FES is no longer needed, the participants will engage in the same indicated exercises without FES (as per the decision tree). Electrical stimulation will be delivered via the NeuroTrac device on program 12 (350/45), with the appropriate level of stimulation as indicated by the participant and treating clinician. The intensity of electrical stimulation may vary dependent on the participant’s responsiveness, progression of exercises and/or potential muscle fatigue. Once the treating physiotherapist or occupational therapist identifies the optimum stimulation level, the trigger will be used to control on and off electrical stimulation. The participant may choose to control the triggering of on/off electrical stimulation if appropriate. The on/off periods of electrical stimulation will be indicated by the below decision tree protocols and at the discretion of the participant. 
[bookmark: _Toc94248913][bookmark: _Toc94249110][bookmark: _Toc94250283][bookmark: _Toc95061150][bookmark: _Toc95283049][bookmark: _Toc95284770][bookmark: _Toc95380104][bookmark: _Toc95380451][bookmark: _Toc95380799][bookmark: _Toc95658823][bookmark: _Toc95659177][bookmark: _Toc97540167][bookmark: _Toc97541225]Directed Improvisation. The theoretical underpinnings of the directed improvisation music-making stream stem from neurologic music therapy concepts. Though this intervention will not utilise specific neurologic music therapy techniques, it will draw upon modified approaches. Neurologic music therapy techniques that have been considered in developing this protocol include: Therapeutic Instrumental Music Performance (TIMP) and Patterned Sensory Enhancement (PSE). The aspects of TIMP that have been considered for directed improvisation are its focus on the inclusion of instrument playing to encourage exercise and stimulate functional movement patterns (Thaut, 2005). Perhaps more obvious is the link between directed improvisation and PSE, in which the training of specific movement and exercise is facilitated by temporal, spatial and force cues (Thaut, 2005). A common feature to both TIMP and PSE is the training of specific functional movement patterns through music participation activities. Though the current study focuses on the use of one instrument (iPad-based) to train functional movement patterns, the notion of stimulating functional movement patterns using auditory cuing is central to the directed improvisation stream of music-making. 
In the directed improvisation stream, the participant will be encouraged to engage in repetitive task practice by playing the iPad-based instrument. Over the course of this stream, there will be a focus on rhythmic aspects of music to promote timing and accuracy of motor output. Auditory stimulation is central to directed improvisation through use of metronome and instrumental accompaniment. Initially, the music therapist will use the metronome to guide wrist and finger extension movement at a pace that is manageable for the participant. To further support the participant as they progress, the music therapist will use live musical accompaniment. The purpose of the decision tree in directed improvisation is for the participant to engage in structured and supported motor output training (see Figure 2).
As indicated in Figure 2, the music therapist must assess the participant’s ability to maintain wrist extension during off periods of electrical stimulation. During this assessment, the music therapist will trigger electrical stimulation and then instruct the participant to actively maintain extension during the “off” period. The music therapist will then program the metronome sequence to match appropriate on/off periods for the participant. However, if the participant does not respond to maintaining wrist extension, an alternative approach that draws upon any presenting movement has been included (as indicated in Figure 2). The music therapist has a specific role in facilitating progress in the directed improvisation stream of music-making via appropriately programming the meter and tempo of the metronome and continuing to musically support the participant’s musical output. 

 Figure 2.
The decision tree for the directed improvisation music-making streamIs participant (pt.) able to maintain wrist extension (with extension by electrical stimulation)?
Does pt. have any independent movement (with extension by electrical stimulation)?
Can pt. repeat independent movement?
Can pt. repeat independent movement in time with a metronome for 4 beats?
Can pt. repeat independent movement in time with a metronome for 2 beats?
Does pt. display another independent movement?
Is pt. able to maintain active wrist extension for 1 beat?
Is pt. able to maintain active wrist extension for 2 beats?
Is pt. able to maintain active wrist extension for 4 beats?
Is pt. able to maintain active wrist extension for 3 beats?
Is pt. able to engage in finger tapping for 4-beat active wrist extension?
Is pt. able to engage in finger tapping with metronome during maintained 4-beat active wrist extension?
Is pt. able to engage in patterned / ordered finger tapping with metronome during active wrist extension?
Is pt. able to engage in isolated finger tapping with metronome during active wrist extension?
Is pt. able to initiate wrist extension (without electrical stimulation)?
NO
YES
















The programming of the iPad-based instrument will change over the course of the directed improvisation stream to meet changing participant preferences and requirements of task progression as per the decision tree. Each session, the participant may choose a different instrumental sound and/or scale to be programmed, providing an opportunity to engage in daily choice making, throughout the intervention period. The only element of programming that is dictated by the decision tree is the number of octaves: as the number of octaves increase, the width of the notes decrease. For example: the iPad may initially be positioned vertically and multiple octaves will be programmed to encourage more auditory feedback as the participant engages in wrist extension exercises (see Figure 3). In programming multiple octaves, a greater number of notes will sound as the participant engages in movement on the iPad-based instrument.














Figure 3.
Programming of iPad-based Instrument (“ThumbJam”) for wrist/finger extension (Directed Improvisation and Free Improvisation)

[image: ]

However, when the focus of movement progresses to finger tapping, only one octave will be programmed to allow for auditory distinction between individual notes and finger movement, and the iPad will be placed horizontally (See Figure 4). The wider bars that eventuate from fewer octaves will give the participant more opportunity to engage successfully during the finger-tapping component of the protocol. This is an important change in programming to promote the individuation of finger use and specificity of movement on the instrument. 


















Figure 4.
Programming of iPad-based instrument (“ThumbJam”) for finger tapping exercises (Directed Improvisation and Song Learning)
[image: ]

	
[bookmark: _Toc94248914][bookmark: _Toc94249111][bookmark: _Toc94250284][bookmark: _Toc95061151][bookmark: _Toc95283050][bookmark: _Toc95284771][bookmark: _Toc95380105][bookmark: _Toc95380452][bookmark: _Toc95380800][bookmark: _Toc95658824][bookmark: _Toc95659178][bookmark: _Toc97540168][bookmark: _Toc97541226]Song Learning. The purpose of the decision tree in the song learning stream (Figure 5) is to promote greater control of the specificity of movement through familiar and structured training. This stream is based upon theories regarding the reported benefits of music for leisure (Särkämö, 2017), familiar song singing (Daykin et al., 2017) and song learning in older adults (Reid, Rakhilin, Patel, Urry & Thomas, 2017). Even though the focus of this music-making stream is to encourage task-specific motor output by learning a song, the wellbeing (Daykin et al., 2017) and rehabilitative benefits of singing (Stegemöller, Radig, Hibbing, Wingate, & Sapienza, 2017) have also been considered.
In the song learning stream, the participant will learn to play an excerpt of a familiar song. The participant will select a familiar song and the music therapist will transcribe an excerpt of this song in a format that is achievable for the participant to learn. Over the course of the song learning stream, there is a focus on melodic aspects of music-making. The participant will be encouraged to enhance their audio-motor connections by recognising the congruency between the singing of the song and the motor output on the iPad-based instrument. By encouraging the participant to sing whilst learning to play the song on the iPad-based instrument, the aim is to improve rhythmic accuracy by matching motor output to internalised rhythmic patterns. Singing may also encourage the participant to reflect upon the significance of the song during various points in their life (Rolvsjord, 2001). 








Figure 5.
The decision tree for the Song Learning music-making streamIs participant (pt.) able to maintain wrist extension (with extension by electrical stimulation)?
Does pt. have any independent movement (with extension by electrical stimulation)?
Can pt. repeat independent movement?
Can pt. repeat independent movement for an entire phrase of chosen song?
Can pt. repeat independent movement for half a phrase of chosen song?
Does pt. display another independent movement?
Is pt. able to maintain active wrist extension half a phrase of chosen song?
Is pt. able to maintain active wrist extension for an entire phrase of chosen song?
Is pt. able to engage in finger tapping in time with lyrics during maintained active wrist extension (one phrase)?
Is pt. able to engage in finger tapping during maintained active wrist extension (one phrase)?
Is pt. able to engage in isolated finger tapping in time with lyrics during active wrist extension (one phrase)? 
Is pt. able to learn/play the notes of the first phrase?
Is pt. able to learn/play the notes of the entire excerpt?
Is pt. able to learn/play the notes of the second phrase?
Is pt. able to initiate wrist extension (without electrical stimulation)?
NO
YES













Though there are some similarities to the directed improvisation stream, the purpose of song learning is different. The first distinction is the absence of the metronome as an auditory cue in song learning – the music therapist will guide the progression of song learning with gestural instruction whilst singing and eventually accompanying. In working through the decision tree, the participant is working toward a specific outcome: the ability to produce an excerpt of a familiar song on the iPad-based instrument. The language used in the song learning decision tree refers to lyrics and phrases of the musical excerpt, rather than beats. As this stream of music-making is based on a familiar song, the scale input is to be determined by the music therapist, and an appropriate key centre is selected based on the participant’s vocal range to encourage singing while they play. Participants will be given choice in the song they use for this stream, as well as the instrumental sound to be programmed (which can be changed each session).
The role of the music therapist in the song learning stream of music-making is to work with the participant to encourage maximum learning and retention of the relevant motor output sequences. The format of the song transcription may vary from participant to participant depending on their musical background and training. Potential modes of transcription include but are not restricted to: formal notation onto manuscript, colour coded notation, alphabetical notation, and graphical notation. All modes of transcription will include the lyrics to ensure that the link between the note output and lyrics are apparent. When learning the song excerpt, the music therapist will encourage the participant to utilise the fingers that have most movement and include finger patterns as part of the transcription. Figure 6 contains an example of the numerical and alphabetical notation of “Bye bye blackbird” for a stroke survivor with activity in the index finger (2), middle finger (3) and thumb (1) of the right hand (in reference to the programming of ThumbJam in Figure 4):

Figure 6.
Numerical and alphabetical notation of “Bye Bye Blackbird”

Alphabetical notation

B	B	B	B	C	B	B	
Pack	up 	all 	your 	cares 	and 	woe

B	A	A	A      	G	G	
Here 	I 	go,  	sing  -	ing 	low

G	A	G	F#
Bye 	bye 	black -	bird

C	C	C	C	D	C	C
When 	some -	bo    -	dy 	waits 	for 	me

C	B	B	B	A	A
Su -	gar 	sweet, 	so 	is 	he,

A	B	A	G
Bye 	bye 	black -	bird


Numerical notation

2	2	2	2	3	2	2
B	B	B	B	C	B	B

2	1	1	1	2	2
B	A	A	A      	G	G

2	3	2	1
G	A	G	F#

2	2	2	2	3	2	2
C	C	C	C	D	C	C

2	1	1	1	2	2
C	B	B	B	A	A

2	3	2	1
A	B	A	G



As the participant gains confidence in learning the motor output sequences, the music therapist will provide less verbal and gestural prompting and will accompany the participant’s playing using matching and complimentary musical accompaniment techniques (Wigram, 2004), whilst continuing to sing the song in synchrony with the participant’s motor output. To monitor progress in the song learning stream of music-making, the music therapist will transcribe the motor output (the notes played by the participant) from the session recordings and compare this to the transcription provided initially by the music therapist. 
[bookmark: _Toc94248915][bookmark: _Toc94249112][bookmark: _Toc94250285][bookmark: _Toc95061152][bookmark: _Toc95283051][bookmark: _Toc95284772][bookmark: _Toc95380106][bookmark: _Toc95380453][bookmark: _Toc95380801][bookmark: _Toc95658825][bookmark: _Toc95659179][bookmark: _Toc97540169][bookmark: _Toc97541227]Free Improvisation. The theoretical underpinnings of the free improvisation component of the protocol are based on the therapeutic benefits of musical improvisation (Erkkilä, Gold, Fachner, Ala-Ruona, Punkanen, & Vanhala, 2008). The focus of the free improvisation stream is to give the participant the opportunity to freely create music without any pre-determined parameters. Each session, the music therapist will encourage and support the participant to select an instrumental sound and scale to be used. The iPad-based instrument will initially be programmed for multiple octaves, with a minimum of 4 (please refer to Figure 3), to promote the attainment of audible notes and/or tone clusters through subtle movements of the hand. As the iPad-based instrument is touch-sensitive, there is potential for the participant to generate sound via subtle movements in the hand. The participant will be encouraged to choose the number of octaves to be programmed, as well as their preference for the positioning of the iPad-based instrument prior to playing (e.g. flat, vertical or horizontal).
The purpose of the free improvisation music-making stream is to encourage the participant to engage in self-directed free playing. As this stream draws upon the benefits of therapeutic musical improvisation, a decision tree is not required. The participant will determine the amount of time spent improvising and the music therapist will follow this both musically (accompanying the participant) and by managing the electrical stimulation on/off periods. Depending on the participant’s progressing level of strength, they may choose to engage in free improvisation without electrical stimulation. The participant may also engage in multiple improvisations each session. 
The role of the music therapist in the free improvisation music-making stream is to musically support the participant as they explore the iPad-based instrument through free improvisation. In order to do this, the music therapist will draw upon pre-existing frameworks for therapeutic improvisation (Meadows & Wimpenny, 2017) that are individualised to each participant. These frameworks include, but are not restricted to, empathic improvisation, reflective improvisation, grounding and holding (Wigram, 2004). 
The implementation of this intervention protocol requires the skill set of a music therapist for the following reasons: 1) The music therapist is required to have a thorough understanding of time signatures and tempo in order to appropriately program the metronome to best suit the presenting abilities of the participant.; 2) Should the participant choose the song learning stream of music-making, the music therapist will be required to transcribe an excerpt of the chosen song; 3) The music therapist may need to accompany the participant using guitar in order to provide complimentary accompaniment (e.g. in Free Improvisation), guided accompaniment (e.g. in Directed Improvisation) and/or supported accompaniment (e.g. in Song Learning). 
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This study offers clinical relevance as it aims to test a newly developed rehabilitation intervention for people with a very weak upper limb post stroke. As previous research has separately identified the effectiveness of music therapy (Chouhan & Kumar, 2012; Raglio et al., 2017; Scholz et al., 2016; Thaut, Hoemberg, Hurt, & Kenyon, 1998; Yakupov, Nalbat, Semenova, & Tlegenova, 2017) and Functional Electrical Stimulation (Cuesta-Gómez et al., 2017) on the functional activity of the paretic upper limb, we hypothesize that the two combined will be beneficial to post-stroke upper limb function. The auditory feedback of music-making with FES may further motivate stroke survivors with limited to no function to engage in repetitive, intensive and task-specific practice (Hubbard, Parsons, Neilson, & Carey, 2009) throughout their rehabilitation. 
Further, by using the paretic upper limb for music-making, stroke survivors will concurrently engage in upper limb retraining and non-verbal expression (Magee, Clark, Tamplin & Bradt, 2017). By fostering non-verbal expression through therapeutic music-making, this intervention also has potential to enhance emotional wellbeing for stroke survivors. As depression is highly prevalent in stroke survivors and leads to poor outcomes (Dušica et al., 2015; Paolucci, 2017), addressing the emotional wellbeing of the individual can be as important as addressing functional outcomes. 
In combining an already established therapy (FES) with an emergent therapy (iPad-based music therapy) for post-stroke rehabilitation, this intervention is unique. Further to this, no randomised controlled trials have examined musical interventions for the very weak upper limb post-stroke until now. Therefore, there is a clear need to examine the effectiveness of FES+iPad-based music therapy. As this combined approach utilises existing rehabilitation technology (FES), it may also be of interest to a broader audience (e.g. physiotherapists and occupational therapists). The direction and flexibility in the music-making streams may also encourage clinicians to recognise, understand and incorporate more innovative approaches applicable to upper limb stroke rehabilitation. Further, as an adequately powered randomised controlled trial, this study should generate results that can be generalised to similar contexts.
As the recommendation and implementation of FES requires the expertise of an occupational therapist or physiotherapist, there may prove to be barriers for music therapists wishing to use this method. To overcome this challenge within the context of the current research, the clinician-researcher received training on the use of FES for upper limb stroke rehabilitation. An agreement was then formed between the clinician-researcher and each site whereby the clinician-researcher had permission to independently apply FES with the participants after receiving an initial handover of ideal placement from the treating clinician (occupational therapist or physiotherapist). 
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	This study seeks to compare the combined impact of FES and iPad-based music therapy (as an addition to usual therapy) with usual therapy alone. We are not aiming to compare FES+iPad-based music therapy with FES alone as the efficacy of FES has already been demonstrated in upper limb stroke rehabilitation. As FES is not isolated from the iPad-based music therapy component, it would not be possible to differentiate the effect of the FES component from the music therapy component. However, this combination is essential as FES is needed to enable and assess music-making for stroke survivors with a very weak upper limb. Further to this, our study protocol necessitates a trained clinician other than the music therapist (e.g. physiotherapist or occupational therapist) to apply the FES to the stroke survivor prior to the first session. This may prove challenging due to the availability of these clinicians. 
Another limitation is the lack of strict standardisation of the usual care control condition. In a multi-site trial, there is potential for the type and dosage of upper limb therapy, received as part of usual care, to vary. Along with this, the use and frequency of FES in usual treatment may vary from site to site; some participants may or may not receive FES, and the time spent engaged in FES may vary for each site and/or participant. However, as a pragmatic trial seeking to evaluate the effectiveness of the FES+iPad-based music therapy intervention, usual therapy for all participants will be carefully documented, including time engaged in FES per week, and compared across participants.
The use of self-report questionnaires could be criticised for biases due to potential social desirability effects (Gold, Rolvsjord, Aaro, Aarre, Tjemsland & Stige, 2005). To mitigate this risk, an assessor who is blinded to group allocation will administer the questionnaires. Both the Stroke Self-Efficacy Questionnaire (SSEQ) (Jones et al., 2008) and the Depression Anxiety and Stress Scale (DASS) (Henry & Crawford, 2005) are evidence-based questionnaires which are widely used and validated for use with stroke survivors.
Finally, the inclusion criteria for stroke survivors for this study are quite broad. Although this means that the sample may be more heterogeneous, broad inclusion criteria have been incorporated to maximise the potential to recruit participants with a level of strength appropriate for FES use. As eligible stroke survivors will have varying strength (Grades 0-3 on the Manual Muscle Test), participants will have varying levels of ability to engage in the intervention and potential for recovery during the session period. For example, participants with grade 3 level of strength at baseline will most likely be able to progress through the interventions at a greater pace than participants with grade 0 level of strength. As the primary purpose of this study is to test a music-making intervention designed for stroke survivors with limited to no upper limb function, this variation in baseline strength is unavoidable. 
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	We anticipate that the findings drawn from this study will contribute to the growing body of evidence-based treatment options for stroke survivors. This randomised controlled trial will test the effectiveness of FES+iPad-based music therapy as a treatment option for upper limb stroke rehabilitation. In combining a music therapy approach with FES, this study is innovative, and its conclusions may be of interest to music therapists and non-music therapists. Further, this protocol’s unique collaboration may encourage other clinicians to consider and potentially create more innovative approaches applicable to post-stroke upper limb rehabilitation.
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	The previous chapter presented the methodology and intervention protocol of the study. The next chapter will present the descriptive summary of the intervention participants’ acceptability of the FES+iPad-based music therapy intervention, with specific emphasis on their motivation to engage with the intervention, collaborative goal-setting and self-directed practice.
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FES+iPad-based music therapy is an extension of the FES+ThumbJam intervention that was developed and trialed as part of my clinical work (Silveira, Tamplin, Dorsch & Barlow, 2018). With the findings from this clinical case report indicating benefits of FES+ThumbJam with a single stroke survivor (Silveira et al., 2018), I consulted the literature to further refine and trial it with a larger group of stroke survivors (through a randomised controlled trial). Considering the importance of consistency required for trialing a new intervention, I sought to create an intervention protocol that would give both direction and flexibility for music therapists to follow (Silveira, Dorsch, Thompson & Tamplin, 2020). As a pilot trial seeking to examine the impact and thus efficacy of this intervention, it was important for me to learn more about the intervention itself and thus the way in which stroke survivors engaged with it. For this reason, intervention related questions were created to learn more about the specific engagement and thus stroke survivor acceptability with the intervention. Therefore, in this chapter, I will present a descriptive summary of the responses provided by intervention participants in relation to their acceptability of the FES+iPad-based music therapy intervention.
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It is important to involve stroke survivors in the decision-making processes related to their care and treatment (Kristensen, Tistad, von Koch & Ytterberg, 2016). This process not only serves to empower stroke survivors throughout their rehabilitation journey, but it also gives the treating team a better understanding of the individuals’ described needs, experiences and priorities (Sumathipala, Radcliffe, Sadler, Wolfe & McKevitt, 2012). Considering this, I valued the importance of giving the participants sufficient opportunities to reflect upon and share about their engagement with FES+iPad-based music therapy so that my therapeutic approach could be tailored to meet their emerging needs. This also provided valuable information regarding the acceptability of the intervention. 
With a growing sense of self-determination and self-efficacy, the stroke survivor is more likely to self-direct their participation in therapy, which in turn may lead to functional improvement (Winstein, Lewthwaite, Blanton, Wolf & Wishart, 2014). Therefore, by encouraging the participants to make choices, feel a sense of control, and collaborate with therapists as part of the intervention (self-determination), I worked toward supporting their developing confidence in their capability (self-efficacy), and thus intrinsic motivation for engagement (Winstein et al., 2014). Over the course of the intervention period (sessions 5, 10, 15 and 20), I asked the participants three recurring questions about their engagement with FES+iPad-based music therapy (see Table 1). Not only did these recurring questions seek to include participants in the decision-making processes of their therapy, but they also sought to gain further insight into the acceptability of FES+iPad-based music therapy for stroke survivors with limited to nil upper limb function.







Table 1. 
Protocol related questions and their purpose in the study
	Question
	Purpose 


	What would you like to achieve during this program?

	The purpose of this question was to give the participant an opportunity to verbalise goals that were related to their potential progress over the course of the intervention period.

	What will your practise focus on? How much practise have you done over the past week? 
	The purpose of this two-part question was to examine the amount and focus of self-directed music practice that the individual engaged with outside of the session time.

	To what degree are you feeling motivated to engage in the session today?

	The purpose of this question was to examine the participant’s level of motivation across the intervention period.
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	The three intervention questions were asked of the intervention participants at the beginning of sessions 5, 10, 15 and 20 (or the final session). I will now detail the rationale of each question followed by their relevant descriptive summary of the findings. 
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 The Clinical Guidelines for Stroke Management recommend for stroke survivors to be included in their goal setting during the rehabilitation phase of their treatment (Stroke Foundation, 2021). Further, utilising shared-decision making processes as a patient-centred approach encourages respect (Godolphin, 2009) which in turn supports the individuals’ sense of autonomy, adherence and satisfaction (Sugavanam, Mead, Bulley, Donaghy & van Wijck, 2013). Though previous research recognises that the inclusion of goal setting does not have statistical significance on functional outcomes, it has indicated benefits for wellbeing, motivation for achievement, co-ordination of engagement in prescribed therapy, and identification of all necessary goals (Wade, 2009; Rose, Rosewilliam & Soundy, 2017). Therefore, the purpose of asking participants “What would you like to achieve during this program?” was to give them the opportunity to verbalise any goals that they had in relation to their engagement with the FES+iPad-based music therapy intervention, thus potentially supporting their continued mindful engagement with therapy and their overall sense of empowerment (Coulter, Entwistle & Gilbert, 1999). 
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Table 2. 
Goal setting with participants over the intervention period
	Participant ID
	Session 5
	Session 10
	Session 15
	Session 20 (or final session)

	3
	Progress toward being fit… well in the concentration on the hand alone
	Peace... Being able to use this without feeling the strain

	Complete recovery… which is unlikely… 

	I don’t really know other than no therapy’s wasted… just another experience really


	4
	Better control of my fingers and hand

	I hope to achieve better control of my fingers

	I’m hoping to learn more control of the movements in my hand and fingers
	I’m hoping for some better control of my fingers than what I’ve been able to experience which is being able to move the individual fingers by themselves without the others

	7
	I want to…can move my finger, can, you know function, that’s it…I can hold the thing, and I can use my hands… I wanted to use my hands
	To be able to use my hand… to motivate my fingers to move

	I think I want to use my hands

	To still want to make my two finger... Thumb and index finger… to function… so I can hold something


	8
	Movement in my left hand
	It has to do with the movement of my left limb… movement of my left hand or arm… I just want to see benefit from it, I don’t care what it is, even if it’s something else, as long as it’s benefit… some improvement in how I am now

	I continually want to be able to improve movement in my left hand…any movement, preferably a little bit bigger, like the greater the movement, the better.. If I can actually hold something or move those fingers a bit more, that would be fantastic.
	Some movement in my hand… in my left hand.. The stroke side


	9
	Just to be able to have my hand control movement… left hand… if I could play an instrument, that’d be a bonus
	Just more finger control and movement…
	Just more hand and wrist control.. And finger control

	Just to maintain the movement and the control that I have today, which is finger and wrist control


	14*
	Use my fingers…hand movement

	Get my hands moving…left hand…and to use all the arm… using the left hand and the arm movement… normally like my right hand
	n/a
	Get my brain working to the hand… so I can use my hand.. And the use of the left side… left side to be functional
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[bookmark: _Toc95658842][bookmark: _Toc95659196][bookmark: _Toc97540186][bookmark: _Toc97541243]What will your practice focus on? How much practice have you done over the past week? 
Stroke survivors often reflect feeling bored outside of formal therapy whilst in the rehabilitation phase of their treatment (Kenah et al., 2017). As self-directed practice has been identified as the basis for executing forms of complex leisure (Stebbins, 2017) and has implications for continued recovery, I wondered if independent music-making could combat this boredom whilst simultaneously help the participants’ continue to progress with their rehabilitation goals. Therefore, the purpose of asking stroke survivors this two-part question was to encourage them to be mindful of their continued self-directed practice.
Coming back to the importance of shared decision making, I asked participants to identify the musical exercises that they would feel most motivated to practice. I then recorded these exercises in the participants’ Practice Log Sheet (Figure 1) to help prompt their self-directed practice. I also asked participants to state the approximate amount of time that they had engaged in self-directed practice each session. By encouraging the participant to engage in self-directed practice of specific exercises from the music-making streams through meaningful practice, I was working toward increasing their opportunity for recovery (Crabbe et al., 2017). 
Self-directed practice was also determined by the participants’ access to the iPad-based instrument itself. If an iPad-based instrument was accessible outside of the FES+iPad-based music therapy sessions, I worked with the participant to appropriately program it for self-directed practice. However, if an iPad-based instrument was not accessible, I worked with the participant to create diagrams and/or other visual stimuli to emulate the iPad-based instrument. Mental practice of the music-making exercises was also encouraged throughout the intervention period. Literature in stroke rehabilitation supporting mental practice identifies its ability to activate the same neural regions and musculature as physical practice of the same tasks (Barclay, Stevenson, Poluha, Semenko & Schubert, 2020; Page, Levine, & Hill, 2015; Borges, Fernandes, Melo, Guerra & Campos, 2018). And so, I encouraged the participants to engage in mental practice by drawing upon specific practice exercises.

Figure 1. 
Example log sheet for mental practice and instrument practice
	Date of scheduled practice
	Focus of practice
	Mental Practice 
(time engaged)
	Instrument Practice 
(time engaged)

	
	
	
	

	
	
	
	



[bookmark: _Toc94248932][bookmark: _Toc94249129][bookmark: _Toc94250302][bookmark: _Toc95061169][bookmark: _Toc95283068][bookmark: _Toc95284789][bookmark: _Toc95380123][bookmark: _Toc95380470][bookmark: _Toc95380818][bookmark: _Toc95658843][bookmark: _Toc95659197][bookmark: _Toc97540187][bookmark: _Toc97541244]Descriptive summary. As participants generally had minimal to nil active movement in the upper limb, it was important to spend the first few weeks of the intervention period encouraging them to explore their presenting movement through music-making. Further, this period of time also helped the participants to develop a clearer understanding of the intervention itself, and in turn, supported their developing confidence through engagement. With this in mind, the Practice Log Sheet was only introduced in session 10 (half-way through the intervention period). From session 11 onwards, I would ask the participant to approximate how much self-directed practice they had done the previous day. Though there was opportunity to record this in a written manner, the participants generally recalled this verbally. From session 10- 20 (or the final session), the daily reported self-directed practice of the six intervention participants ranged from 0.3 minutes to 2.8 minutes per day, and the total amount of time spent engaged in self-directed practice from session 10-20 (or final session) ranged from three minutes to 28 minutes. All participants reflected upon their engagement in mental practice, specifically in relation to the ease of mental practice throughout their admission: one participant shared that they would engage in mental practice whilst waiting for assistance and another participant shared that they felt mental practice was easier whilst laying in the bed. It is important to note that only two participants had access to an iPad-based instrument, so the other four participants engaged in mental practice only.
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Motivation to engage in therapy is an important concept, specifically in regard to neurological rehabilitation. In a quality improvement study looking to assess the efficacy of implementing a music therapy program in a private rehabilitation hospital, patients reported feeling more motivated to engage in other aspects of physical rehabilitation after engaging in music therapy (Silveira & Barlow, 2015). Further, it has been postulated that motivation can potentially contribute to the therapeutic alliance between patient and therapist, acceptance and understanding of realistic goal setting, and constructive engagement (Medley & Powell, 2010). Therefore, the purpose of this question was to examine the participants’ reported level of motivation across the intervention period. 
Rather than verbally responding or using a validated questionnaire, I used a simplified continuous measure of motivation (Figure 2). Participants responded to this question by marking a point on a 10cm line between “not motivated” and “very motivated” prior to sessions 5, 10, 15 and 20. As a sensitive measure of change, I was able to quantify the level of motivation by measuring the marked distance on the 10cm line. In order to reduce the risk of demand characteristics (Nichols & Maner, 2008), I asked each participant to complete this measure while I was not in the room.

Figure 2. 
Continuous measure of motivation for session engagement
Not motivated
Very motivated


[bookmark: _Toc94248934][bookmark: _Toc94249131][bookmark: _Toc94250304][bookmark: _Toc95061171][bookmark: _Toc95283070][bookmark: _Toc95284791][bookmark: _Toc95380125][bookmark: _Toc95380472][bookmark: _Toc95380820][bookmark: _Toc95658845][bookmark: _Toc95659199][bookmark: _Toc97540189][bookmark: _Toc97541246]Descriptive Summary. All intervention participants completed the continuous measure of motivation for session engagement every five sessions. As per the continuous measure, higher measurements indicated higher motivation, whereas lower measurements indicated lower motivation. Table 3 presents the results from the continuous measure for intervention participants over time (in centimetres). 

Table 3.
Measured results of motivation over time (in centimetres)
	Session
	Session 5

	Session 10
	Session 15
	Session 20 
(or final session)

	ID 3
	2.1
	4.3
	3
	5.1

	ID 4
	3.3
	6.5
	6
	6

	ID 7
	6.6
	9.3
	9.7
	7.3

	ID8
	4.4
	6.6
	3.9
	10

	ID 9
	9
	7.5
	6.5
	8.8

	ID 10*
	8.4
	9.7
	-
	10


* Session 14 was the final session for this participant


[bookmark: _Toc94248935][bookmark: _Toc94249132][bookmark: _Toc94250305][bookmark: _Toc95060956][bookmark: _Toc95061172][bookmark: _Toc95282566][bookmark: _Toc95283071][bookmark: _Toc95284792][bookmark: _Toc95380126][bookmark: _Toc95380473][bookmark: _Toc95380821][bookmark: _Toc95658846][bookmark: _Toc95659200][bookmark: _Toc97540190][bookmark: _Toc97541247]Concluding Comments
	In this chapter, I presented a descriptive summary of the intervention participants’ engagement in the FES+iPad-based music therapy intervention over time, specifically in relation to goal setting, practice and motivation. In the next four chapters (Chapters 6 – 9), I will present the results of this mixed methods pilot randomised controlled trial.
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The next chapter will present an overview of the findings from the study through an unpublished manuscript. I have recently submitted this manuscript to a journal and am awaiting a response in relation to its acceptance. The format of this chapter follows that of the journal for which it was submitted.
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[bookmark: _Toc97540196][bookmark: _Toc97541253]Abstract
Background:  Though previous research indicates the benefits of music-making interventions for post-stroke upper limb rehabilitation, stroke survivors with limited function (unable to lift their arm against gravity) are excluded. 
Objectives: This pilot study sought to examine the impact of a novel intervention, functional electrical stimulation (FES) plus iPad-based music therapy, on the upper limb function and wellbeing outcomes of stroke survivors with limited function. 
Methods: This mixed-methods pilot study used a randomised controlled trial design and took place across five participating hospitals in Sydney, Australia. Fourteen participants were randomised to receive usual care only (n=8) or daily FES+iPad-based music therapy as an addition to usual care (n=6) for four weeks (20 sessions). Standardised measures of upper limb function and self-report wellbeing questionnaires were administered by masked assessors at three time points (pre- and post- intervention period, and at three-month follow-up) and participants were interviewed at the post-intervention assessment. The primary outcome, upper limb function, was measured using the Motor Assessment Scale (MAS-UL). 
Results: Effect sizes were calculated (Hedges’ g) due to the small sample size (n=14). The intervention group showed greater improvements than the control group on all upper limb measures, with between group mean differences of 2.08 points for the MAS-UL (g = 0.5). Intervention participant themes were reflective of their perceived improvement in upper limb function and strength, as well as the motivating and relaxing aspects of musical engagement.
Conclusion: FES+iPad-based music therapy is a feasible intervention with the potential to improve post-stroke upper limb function and wellbeing. 

Keywords
Music therapy, upper limb, stroke, iPad, FES

[bookmark: _Toc97540197][bookmark: _Toc97541254]Background
Stroke is one of the leading causes of disability worldwide (World Health Organisation, 2020) and long-term loss of upper limb function and depression are highly prevalent among stroke survivors (Intercollegiate Working Stroke Party, 2016; Hackett & Pickles, 2014). Innovative approaches are thus needed to holistically support the rehabilitation process (Hanga, DiNitto, Wilken, & Leppik, 2017; Lo, Lee, & Ho, 2019). Engagement in music therapy, through methods such as music-making, has the potential to simultaneously address goals of wellbeing and physical functioning (Särkämö, 2018; Dileo & Bradt, 2009; Silveira, Tamplin, Dorsch & Barlow, 2018). Previous research indicates a significant impact of music therapy on post-stroke upper limb outcomes, however participants included in these studies required active upper limb function to engage in this therapy (Chouhan & Kumar, 2012; Raglio et al., 2017; Scholz et al., 2016; Thaut, Hoemberg, Hurt, & Kenyon, 1998; Yakupov, Nalbat, Semenova, & Tlegenova, 2017; Haire et al., 2021). In order to include stroke survivors with dense hemiplegia in music therapy, innovation is necessary. There is a growing body of research indicating the separate benefits of Functional Electrical Stimulation (FES) (Howlett, Lannin, Ada & McKinstry, 2015) and tablet technology (Hubbard et al., 2009) for stroke survivors with dense hemiplegia. FES is commonly used in stroke rehabilitation and works to electrically stimulate the weakened muscles of the upper limb (Eraifej, Clark, France, Desando, & Moore, 2017). Tablet technology is based upon touch sensitive mechanisms and thus requires minimal physical input (Silveira et al.,  2018). In combining FES with an iPad-based musical instrument application (tablet technology), there is greater potential to engage stroke survivors with severe upper limb weakness in rehabilitation-focused music-making (Silveira, et al., 2020). Therefore, this study sought to answer the following research question: what is the impact of FES+iPad-based music therapy on the upper limb function and wellbeing outcomes of stroke survivors? Directional hypotheses were then developed for the quantitative component of the study. After analysing the quantitative data, two research questions with which to approach the qualitative analysis were then created: (1) What did stroke survivors consider to be important across their experience of upper limb therapy? and (2) How did the treatment that each participant received influence their perception of progress? The integrative mixed methods analysis sought to answer: how did the qualitative findings expand upon the quantitative results?

[bookmark: _Toc97540198][bookmark: _Toc97541255]Methods
[bookmark: _Toc97540199][bookmark: _Toc97541256]Design
Valuing multiple approaches and perspectives for the purpose of gaining a holistic understanding of FES+iPad-based music therapy, this research was influenced by epistemological pluralism from both Eastern (Fass, 1991; Jha, 1986) and Western teachings (Miller, Baird, Littlefield, Kofinas, Chapin & Redman, 2008). This parallel randomised control trial used a mixed methods design, with an explanatory sequential core design, whereby the quantitative component was primary, and the qualitative component was secondary (Creswell & Plano Clark, 2017). This study was approved by the South East Sydney Local Health Districts Human Research Ethics committee and the University of Melbourne Ethics Committee (HREC reference number: 17/256). The study was also registered with the Australian New Zealand Clinical Trials Registry (www.anzctr.org.au – registration number ACTRN12618000344291). 
[bookmark: _Toc97540200][bookmark: _Toc97541257]Participants
[bookmark: _Toc97540201][bookmark: _Toc97541258]Eligibility. Eligible participants had recent stroke onset (within 4 weeks of recruitment), less than grade three strength in at least three of out five muscle groups of the upper limb[footnoteRef:6], scored at least 24 on the Mini Mental State Examination, were able to follow two stage commands, and had a predicted length of stay of at least four weeks (Silveira, et al., 2020). Patients were excluded if they had pre-existing upper limb conditions, impairment in receptive communication and/or were noted to have conditions which were contraindications to FES use (e.g.: cardiac pacemaker) (Silveira et al., 2020). All stroke survivors admitted to the included stroke rehabilitation units were screened for eligibility to participate in the study. [6:  Shoulder flexors, elbow extensors, elbow flexors, wrist extensors and wrist flexors] 

[bookmark: _Toc97540202][bookmark: _Toc97541259]Randomisation and masking. Block randomisation (with a block size of 4) was performed using a computer-generated sequence and allocation concealment (with sealed opaque envelopes). The allocation concealment was held off-site by one of the co-authors (SD). The primary researcher of this study (TS) was required to contact the co-author to obtain the group allocation for each participant. It was not possible to mask therapists or participants to group allocation, however, the assessors were masked to group allocation. 
[bookmark: _Toc97540203][bookmark: _Toc97541260]Demographic and attendance data. Recruitment took place across five rehabilitation units in Sydney, Australia from August 2018 to February 2020. Recruitment for this study ended prematurely in March 2020 due to the COVID-19 pandemic. No participants withdrew from the study however some were unable to complete the follow up assessments (see Figure 1 for participant flow).

Figure 1. Assessed for eligibility (n= 341)
Enrolment
Excluded (n= 327) 
Did not meet the inclusion criteria (n= 323)
Met inclusion criteria but declined to participate (n= 2)
Randomised (n= 14)
Baseline assessment: Timepoint 0 (T0)
(n =14)
Completed all follow up assessments (n=5)
Lost to follow up assessment (n= 1)
· Discharge location too far (n= 1)
Completed all follow up assessments (n=6)
Partial assessment conducted (n=2)
· COVID-19 restrictions (n= 1)^ 
· Other (n= 1)+
Lost to follow up (n=1)
· Uncontactable after discharge (n= 1)

Follow up assessment:
Timepoint 2 (T2) 
Completed all post assessments (n=8)
Engaged with Interview (n=4)*
Completed all post assessments (n=6)
Engaged with Interview (n=6)
Allocated to the control condition (n=8)
· Received usual care only (n=8)
Allocated to the intervention condition (n=6)
· Received FES+iPad-based music therapy as an addition to usual care (n=6)
Allocation
Analysed (n=6)
Analysed (n=8)
Analysis 
Post assessment:
Timepoint 1 (T1)

Participant flow chart

*After recruitment commenced, an amendment to the ethics application was made to include control participants in the interview, ^Only completed wellbeing questionnaires (did not complete upper limb assessments), +Only completed upper limb assessments (did not complete wellbeing questionnaires) 
[bookmark: _Toc97540204][bookmark: _Toc97541261]The Intervention
Both groups participated in usual care. As a multisite trial, we created a description of usual care for upper limb stroke rehabilitation that was accepted by all sites. This description highlighted that, for the very weak upper limb, usual care involved the repetitive practice of active movement which could be attempted with gravity eliminated positions (Silveira et al., 2020). Usual care therapy was delivered weekly as one to five hours of individual therapy, and/or three to five hours of group therapy along with some independent practice (Silveira et al., 2020). 
The intervention group participated in the FES+iPad-based music therapy intervention for 20 sessions (over four weeks) as an addition to usual treatment. This intervention drew upon neurologic music therapy techniques, such as patterned sensory enhancement and therapeutic instrumental performance (Thaut, 2005), in combination with FES use and tablet technology (Silveira et al., 2020). An intervention protocol was developed for the FES+iPad-based music therapy intervention and separately reported (Silveira et al., 2020). The protocol included three approaches of accessible music-making: (1) free improvisation, (2) directed improvisation, and (3) song learning (see Appendix A for a brief summary). 

[bookmark: _Toc97540205][bookmark: _Toc97541262]Data Collection and Analysis
[bookmark: _Toc97540206][bookmark: _Toc97541263]Quantitative data. Outcome measures were collected at baseline, post-intervention, and at three months post-intervention by assessors masked to group allocation. Functional activity and strength of the upper limb were measured using the Motor Assessment Scale (upper limb items) (MAS-UL) (Carr & Shepherd, 1994), the Manual Muscle Test (upper limb items) (MMT-UL) (Kendall & McCreary, 1993), the 9-Hole-Peg Test (9HPT) (Mathiowetz et al., 1985) and grip dynamometry (Hamilton, McDonald & Chenier, 1992). Wellbeing was assessed using two standardised self-report questionnaires: the Depression, Anxiety and Stress Scale (DASS-21) (Henry & Crawford, 2005) and the Stroke Self-Efficacy Questionnaire (SSEQ) (Jones, Partridge & Reid, 2008; Riazi, Aspden & Jones, 2014). Figure 2 shows the participant flow through the study. 
The target sample determined by an initial power calculation was 40 participants (Silveira, et al., 2020). Out of the 341 patients assessed for eligibility, only 16 participants met the inclusion criteria. The majority of excluded patients were a result of their presenting level of upper limb function – i.e. their level of function was too high and thus not appropriate for FES engagement. Other patients were excluded as a result of their impairment in receptive communication. As only 14 participants were recruited, this study was underpowered. Mean change scores, effect sizes and 95% confidence intervals were calculated and reported. Effect sizes were calculated using Hedges’ g, as it is the preferred calculation for samples that are smaller than 20, and also takes into account differences in sample size between groups (Glen, 2016).
[bookmark: _Toc97540207][bookmark: _Toc97541264]Qualitative data. Participants were interviewed by the primary researcher on completion of the intervention period. The qualitative data set comprised of the transcribed participant interviews from the post-intervention period. Reflexive thematic analysis (Braun & Clarke, 2006; Braun & Clarke, 2019) of participant interviews from each group was conducted by the primary author (TS) and coding was verified by a co-author (GT). The data of each participant was deductively sorted into the study’s six key domains (functional activity of the upper limb, depression, anxiety, stress, self-efficacy and other[footnoteRef:7]). An inductive approach was then taken to ensure that the resulting themes within each domain were data-driven (Braun & Clarke, 2006; Braun & Clarke, 2019). Points of distinction of themes between groups were described. [7:  The “other” domain was not included in the mixed-methods analysis as these data did not have direct relevance to the overall research question and thus there were no relevant quantitative results to integrate with this domain.] 

[bookmark: _Toc97540208][bookmark: _Toc97541265]Integration of data sets. There were three points of data integration in this study. Firstly, the development of the qualitative research questions was based upon the quantitative findings. Next, the qualitative interview data were sorted into the key quantitative domains prior to analysis. Finally, integration was incorporated through the final interpretation and reporting of results. Using a joint display table (Creswell & Plano Clark, 2017), the condensed quantitative results and qualitative findings were presented side-by-side. We then used a weaving technique to present the integrated results in narrative form (Fetters, Curry & Creswell, 2013), by responding to the mixed methods research question for each key domain: “How do the qualitative findings expand upon the quantitative results?”

[bookmark: _Toc97540209][bookmark: _Toc97541266]Results
[bookmark: _Toc97540210][bookmark: _Toc97541267]Participants
	Participant recruitment took place over five sites and resulted in the enrolment of 14 participants (Figure 1). The descriptive data of the included participants is presented in Table 1. 










Table 1. 
Descriptive data of participants 
	Group
	Control:
Usual treatment
(n=8)
	Intervention:
FES+iPad-based Music Therapy as an addition to usual treatment
(n=6)

	Age

	69.13 (10.59)
Range: 54-82
	57.83 (19.20)
Range: 32-79


	Female
	5 (62.5%)
	3 (50%)

	Left-sided upper limb weakness 
	6 (75%)
	6 (100%)

	Number of days since stroke onset 
(until the date of baseline assessments)
	20.00 (5.93)
Range: 12-29 
	23.67 (5.01)
Range: 16-28




[bookmark: _Toc97540211][bookmark: _Toc97541268]Quantitative results
	Due to the small sample size, inferential statistical analyses were not appropriate. Quantitative results are thus presented as descriptive statistics, including effect sizes (Hedges g). 
[bookmark: _Toc97540212][bookmark: _Toc97541269]	Functional activity (upper limb). The intervention group improved more than the control group on the primary outcome as shown by the difference in mean change scores of 2.08 points on the MAS-UL (95% CI -2.80, 6.69; g=0.50). The intervention group mean improvement (4.83 points) was also clinically meaningful (Canadian Agency for Drugs and Technologies in Health, 2017), but the control group mean improvement (2.75 points) was less so. Though no participants were able to complete the full 9HPT test at either time point (T0 or T1), the intervention group improved marginally more than the control group (mean group difference: 0.05 pegs move/second; 95 % CI -0.12, 0.23; g = 0.32). The intervention group improved more than control on measures of muscle strength also, as shown by the difference of 3.33 points in MMT-UL mean change improvement (95% CI -1/26, 7.93; g = 0.85) and grip dynamometer change score mean difference of 3.68 kg/F (95% CI -0.70, 8.07; g = 0.99). In the absence of any published data on clinically meaningful change scores for the MMT-UL and grip strength for stroke survivors with a very weak upper limb, we used an estimate of 20% improvement to infer clinically meaningful change. The intervention group mean improvement of 6.83 points on the MMT-UL was thus considered clinically meaningful, and the control group mean improvement score of 3.50 was not. Similarly, for grip strength, the intervention groups mean improvement of 3.58 kg/F was clinically meaningful, but the control group mean change (-0.10 kg/F) was not. 
[bookmark: _Toc97540213][bookmark: _Toc97541270]Depression. A small effect (g = 0.27; between group difference: 2.25; 95% CI -7.71, 12.21) was found for the difference in mean change scores for depression, in favour of the control condition. The control group’s depression scores decreased (4.25 points) more than the intervention group (2 points). There was a clear difference between groups at baseline however, with the intervention group mean depression scores in the “normal” range of severity at baseline (9.67) and remaining in this range at post assessment (7.67) (Lovibond & Lovibond, 1995). Control group mean depression scores were “moderate” at baseline (13), and within normal range at post assessment (8.75) (Lovibond & Lovibond, 1995).
[bookmark: _Toc97540214][bookmark: _Toc97541271]Anxiety. A small effect (g = 0.37; between group difference: -1.83; 95% CI -7.63, 3.97) was found for the difference in mean change scores for anxiety, in favour of the intervention condition. The intervention group anxiety scores decreased (3.33 points) more than the control group (1.50 points). There was a difference between groups at baseline, with the intervention group mean anxiety scores in the “normal” range of severity at baseline (6.33) and remaining in this range at the post assessment (3) (Lovibond & Lovibond, 1995). Control group mean anxiety scores were “mild” at baseline (7.5), and within “normal” range at post assessment (6) (Lovibond & Lovibond, 1995).
[bookmark: _Toc97540215][bookmark: _Toc97541272]Stress. There was no notable difference in stress scores between conditions (g=0.02; between group difference: 0.17; 95% CI -10.07, 10.40), with both groups improving similarly over the course of the intervention period. The intervention group stress scores decreased (3.33 points), as did the control group (3.50 points). There were similar mean scores at baseline, with the intervention group exhibiting “mild” stress at baseline (14), and within “normal” ranges at post assessment (10.67) (Lovibond & Lovibond, 1995). Control group mean stress scores were “mild” at baseline (15.75) and remained in this range at the post assessment (12.25) (Lovibond & Lovibond, 1995).
[bookmark: _Toc97540216][bookmark: _Toc97541273]Self-efficacy. There was no notable difference in changes in self-efficacy (g = 0.06; -1.38; 95% CI -28.13, 25.38), with both groups improving similarly over the course of the intervention (intervention: 32.50 point mean improvement, control group: 33.88 point mean improvement). 




Table 2. 
Mean change across intervention and control conditions
	
	Mean Scores at each timepoint
Mean (SD)
	Mean Change Scores
Mean (SD)
	Between group difference (95% confidence interval)
(Intervention minus Control)
	Effect size
(Hedge’s g~ )


	
	Intervention Group

	Control Group 

	Intervention Group

	Control Group 

	
	

	
	T0#
(n=6)
	T1^ 
(n=6)
	T2+ 
(n=5)
	T0
(n=8)
	T1
(n=8)
	T2
(n=6)

	T1 – T0


	T2 – T1


	T1 – T0


	T2 – T1


	T0 to T1

	T1 to T2

	T0 to T1

	T1 to T2


	Motor Assessment Scale – Upper Limb 
(Range: 0 to 18)

	1.00
(1.10)

	5.83 (6.21)
	5.80 (7.05)
	1.38 (1.60)
	4.13 (3.94)
	8.67 (5.85)
	4.83 (5.71)
	1.20 (3.83)
	2.75 (2.49)
	4.00 (2.45)
	2.08
(-2.80, 6.96)
	-2.80
(-7.10, 1.50)
	0.50b
	0.89 a

	Manual Muscle Tests – Upper Limb (Range: 0 to 20)

	5.33 (3.33)
	12.17 (5.04)
	11.2 (9.65)
	8.38 (5.32)
	11.88 (4.82)
	15.5 (4.59)
	6.83 (5.23)
	0.00 (5.57)
	3.50 (2.56)
	3.33 (3.50)
	3.33
(-1.26, 7.93)
	-3.33
(-9.55, 2.88)
	0.85a
	0.73 b

	9-Hole-Peg-Test 
(no. of pegs moved per second)

	0.00
(0)
	0.09 (0.21)
	0.11 (0.18)
	0.00
(0)
	0.04 (0.10)
	0.12 (0.17)
	0.09 (0.21)
	0.11 (0.18)
	0.04 (0.10)
	0.08 (0.09)
	0.05
(-0.13, 0.23)
	0.04
(-0.15, 0.22)
	0.32c
	0.22 c

	Grip Dynamometry
(kilograms)

	1.58 (2.29)
	5.17 (7.39)
	7.80 (13.91)
	2.75 (5.12)
	2.65 (3.42)
	3.92 (5.2)
	3.58 (5.31)
	3.20 (5.82)

	-0.10 (1.90)
	0.72 (1.77)
	3.68
(-0.70, 8.07)
	2.48
(-3.13, 8.09)
	0.99 a
	0.61 b

	DASS-21: Depression*
(Range: 0 to 42)
	9.67 (6.62)

	7.67 (4.27)
	18.00 (14.28)
	13.00 (5.13)
	8.75 (9.38)
	14.00 (9.47)
	-2.00 (4.73)
	10.80 (13.31)
	-4.25 (10.33)
	8.67 (10.01)

	2.25
(-7.71, 12.21)
	2.13
(-13.75, 18.02)
	0.27 c
	0.18

	DASS-21: Anxiety*
(Range: 0 to 42)

	6.33 (6.62)

	3.00
(4.15)
	5.60 (3.58)
	7.50 (7.15)
	6.00
(6.05)
	5.00
(4.86)
	-3.33 (3.93)
	3.20 (3.63)
	-1.50 (5.53)
	-1.33 (6.41)
	-1.83
(-7.63, 3.97)
	4.53
(-2.80, 11.87)
	0.37 c
	0.85 a

	DASS-21: Stress*
(Range: 0 to 42)

	14 (10.12)

	10.67 (9.27)
	12 (13.27)
	15.75 (9.65)
	12.25 (9.88)
	16.33 (9.13)
	-3.33 (4.32)
	4.80 (10.64)
	-3.50 (10.78)
	5.33 (5.47)
	0.17
(-10.07, 10.40)
	-0.53
(-11.74, 10.67)
	0.02
	0.06

	Stroke Self-Efficacy Questionnaire
(Range: 0 to 130)
	57.33 (18.37)


	89.83 (21.96)
	92.2 (30.79)
	39.25 (22.98)
	73.13 (34.01)
	85.33 (36.41)
	32.50 (12.00)
	-4.40 (25.92)
	33.88 (27.99)
	5.83 (17.61)
	-1.38
(-28.13, 25.38)
	-10.23
(-39.96, 19.49)
	0.06
	0.47 c


* = improvement is indicated by a lower score, a = large effect size (0.8 – 1.0), b = medium effect size (0.5 – 0.8), c = small effect size (0.2 – 0.5),T0# is timepoint 0 (baseline), ^T1 is timepoint 1 (post assessment), +T2 is timepoint 2 (follow up assessment), ~As the confidence intervals for all mean differences cross 0, Hedges g cannot be taken too definitively 

[bookmark: _Toc97540217][bookmark: _Toc97541274]Qualitative Findings
A total of ten participants were interviewed about the treatment that they received: four control and six intervention participants. Table 3 presents the themes and points of distinction between groups for each key domain.
[bookmark: _Toc97540218][bookmark: _Toc97541275]Functional activity (upper limb). The intervention participants reflected finding it challenging to engage in their usual upper limb therapy. However, they shared that the musical intervention led to engagement in therapy as well as acting as a form of self-assessment and improving their upper limb function. The control participants reflected upon the importance of connecting the brain to observable movement, describing this observable movement as motivating. Though they perceived an improvement in upper limb strength, they felt as though their resulting hand function was only marginally better. One control participant also conveyed that computer game interventions were not enjoyable. 
[bookmark: _Toc97540219][bookmark: _Toc97541276]Depression. There were no themes relating to depression for the intervention participants. Control participant reflections of depression encapsulated feelings of suicidal ideation, mental drain, self-pity, and the devastation of losing independence. 
[bookmark: _Toc97540220][bookmark: _Toc97541277]Anxiety. One intervention participant shared that playing music helped to reduce their anxiety. No further themes relating to anxiety were described for the intervention participants. Control participants identified that anxiety was triggered by waiting for help or repeated hospital admissions. They also shared that hope was important, and support from others helped with their anxiety management. 
[bookmark: _Toc97540221][bookmark: _Toc97541278]Stress. Intervention participants indicated that music therapy promoted relaxation and a space for down time. Control participants reflected that even though the inability to complete a movement is frustrating, it is important to take a break and move past frustration. 
[bookmark: _Toc97540222][bookmark: _Toc97541279]Self-efficacy. Intervention participants shared that they felt hopeful and happy and had a sense of achievement. Further, although intervention participants initially had doubts about the music therapy program, they felt as though it helped them to improve. Control participants reflected upon how it felt good to work hard and see functional improvement, with the hope for continued improvement. However, they also brought to light the challenges associated with recovery from stroke, such as functional loss, loss of independence, and a yearning for normality. 
[bookmark: _Toc97540223][bookmark: _Toc97541280]Other Themes. Beyond the six key domains, further relevant themes emerged during the analysis. Intervention participants reflected on the enjoyable nature of music therapy sessions and shared that they looked forward to attending. While some participants occasionally found the intervention challenging, in comparison to other therapies, they felt that music therapy was more motivating, and they would have liked to have had more sessions. Intervention participants recounted the positive impact of having family present in sessions, and described the therapist as gentle and kind. One participant also expressed the need to educate doctors about music therapy in neurorehabilitation. 
Control participants reflected on the importance of motivation, hope and community support. They described challenges related to the aftermath of stroke and the need to have patience. While the dedication of staff was recognised, control participants also shared that staff were not always able to help in a timely manner, some staff lacked empathy, and there was a need for more mental health training. One participant stated that they would have liked to receive the music therapy intervention.







Table 3. 
Qualitative themes for the control and intervention conditions
	Domain
	Intervention Themes, n = 6
(Total number of participants contributing)
	Control Themes, n = 4
 (Total number of participants contributing)
	Points of distinction between group themes

	Functional activity (Upper limb) 

	The music intervention led to functional improvement of the hand (6)
Following the beat was important for progress (5)
Improvement of the hand was evident on the iPad instrument (3)
Music-making was a self-assessment of function (3)
Music helped to strengthen the connections from the brain to the hand (3)
Music was the incentive to try harder (2)
Exercises were more challenging without the musical component (2)
The music intervention was beneficial for the wrist and fingers (1)




	Eventuating hand control is only partial (3)
The upper limb improves with therapy (3)
Computer game interventions are not enjoyable (1)
It is important to connect the brain to the movement (2)
Observable improvement is motivating (2)
Engaging in therapy improved upper limb strength (2)
Computer game interventions are not enjoyable (1)

	The intervention group spoke about an improvement in functional outcomes (in relation to the wrist and fingers), in contrast to the reflections of the control group who indicate that their resulting hand function is only partial. 

The intervention group emphasised how various musical elements of their treatment were important to their engagement and progress, whilst one participant from the control group said that one particular intervention (computer games) was not enjoyable. 

The intervention group described music-making as a self-assessment of function. There were no comparable comments around self-assessment of function from control group participants.


	Depression
	There were no reported themes about depression
	Negative thoughts are mentally draining (3)
It is devastating to have lost an independent lifestyle (2)
There is a feeling of self-pity (2)
Suicidal thoughts were present (1)
Functional limitations lead to feelings of negativity (1)

	There were no reported themes about depression for the intervention group, whereas there were five themes under the category of depression for the control group.


	Anxiety
	Playing music helped to reduce anxiety in hospital (1)

	Waiting for help leads to anxiety (2)
Support from others helps with anxiety management (1)
It is important to hold on to hope (1)
Repeated hospital admissions can trigger pre-existing anxiety (1)
	There were four themes under the category of anxiety for the control group, but only one for the intervention group. 

Though themes for both groups indicated supportive approaches for anxiety, control group themes referenced support from others to help manage anxiety, whereas one intervention participant felt that playing music helped to reduce anxiety. 

Control group themes indicated certain triggers to their experience of anxiety. One control participant referenced the need to hold on to hope. 


	Stress
	Music therapy sessions promoted relaxation (3)
The music therapy space provided the stroke survivors with down time (2)

	The inability to complete a movement leads to frustration (2)
Taking a break is a necessity (1)
It is important to move past frustration (1)
Post-stroke functional loss is hard to accept (1) 

	Under the stress domain, control group themes emphasised frustration and needing to take breaks to manage this, whereas the intervention group themes focused on the way in which music therapy had offered support. 


	Self-efficacy
	Feeling hopeful in music therapy as a result of developing movement (2)
Though there was initial doubt about music therapy, progress eventuated (2)
Feeling happy when the fingers move with the music (2)
Feeling a sense of achievement throughout the process of music therapy (2)

	It is a good feeling to have functional improvement (3)
Putting in the hard work is motivating (3)
Hoping for continued improvement (2)
Not being completely independent is difficult (2)
Yearning for a sense of normality (2)
Sometimes recovery is self-supported (1)


	The intervention group themes focused on self-efficacy from a positive lens, i.e.: feeling a sense of progress, whilst the control group themes suggested a sense of striving, i.e.: the difficulty of not being completely independent. 

Control group themes identified the challenge of acceptance and a yearning for normality, whilst intervention group themes described feeling happy and a sense of achievement. 

The control group offered reflections about hard work and self-support.

	Other
	Music therapy sessions were enjoyable (5)
Music Therapy was interesting and engaging (5)
Compared to other therapies, music therapy was more motivating (4)
Having family present in music therapy was exciting and encouraging (2)
It would be interesting to engage with this intervention in a group setting (2)
It sometimes felt difficult to engage with the music intervention (2)
Music therapy should be scheduled more regularly as a stand-alone therapy (2)
The music therapist was patient, gentle and had a positive attitude (2)
The doctors need to know more about music therapy (1)
Looking forward to music therapy to focus on self-recovery (1)



	The staff were helpful and dedicated (4)
It is important to stay motivated and have hope (4)
It is hard to have patience (3) 
It is important to try your best (2)
Pity from others is unwanted (2)
Some staff members lacked empathy (2)
The staff weren’t always able to help in a timely manner (2)
It felt good to get positive feedback (2)
The aftermath of a stroke is emotional (1)
More therapy time was needed (1)
Community support is important (1)
It was disappointing to have missed the musical component of this study (1)
The staff need more post-stroke mental health training (1)

	Overall, the intervention group expressed more positive aspects of their experience than those in the control group. 

Though control group reflected upon the importance of positive feedback and trying your best, the intervention group indicated that their actual engagement in music therapy was enjoyable, interesting, exciting and engaging. 

When considering motivation, control participants talked about the importance of motivation, whereas intervention participants reflected upon the motivation they felt when engaging in music therapy in comparison to other therapies. 

When considering the impact of the staff involved in care, the control group identified that even though some staff were dedicated, others lacked empathy and mental health training. This contrasted to the intervention group’s reflection about the specific qualities of the music therapist as gentle, patient and positive. 

control participants reflected upon the importance of community support, whilst intervention participants  specifically reflected upon the importance of having family present in therapy. The intervention group found the music therapy intervention difficult sometimes, but expressed a desire to ensure that more doctors knew about music therapy. 






[bookmark: _Toc97540224][bookmark: _Toc97541281]Integration of Quantitative and Qualitative Results 
 A joint display table was used to present the condensed quantitative results and qualitative findings and respond to the mixed methods research question (Creswell & Plano Clark, 2017) (Table 4). A weaving technique was then used to present a narrative account of the integrated results (Fetters, Curry & Creswell, 2013). 
[bookmark: _Toc97540225][bookmark: _Toc97541282]Functional activity (upper limb). The qualitative findings provided further insight into the clinically meaningful changes demonstrated by intervention participants through reflections about how music was an incentive for their continued engagement in therapy, specifically describing the helpfulness of following a beat. Further, the intervention participants expressed motivation to engage in the intervention, as well as their perception that the overall functionality of their upper limb had improved. 
[bookmark: _Toc97540226][bookmark: _Toc97541283]Depression. While the control group depression scores improved marginally more (between group difference = 2.25; g= 0.27), both groups were within normal ranges at both time points. In contrast, the qualitative findings revealed that there were five themes relating to depression for control participants, but none for the intervention group. 
[bookmark: _Toc97540227][bookmark: _Toc97541284]Anxiety. While the intervention group anxiety scores improved marginally more (between group difference: -1.83; g = 0.37), both groups were within normal ranges at the second time point. There were subtle differences in descriptions of the experience of anxiety in relation to treatment: reducing anxiety (intervention) and managing anxiety (control). 
[bookmark: _Toc97540228][bookmark: _Toc97541285]Stress. The qualitative findings provided an enhanced understanding of the similar changes in stress scores through similar reflections about taking breaks. Themes related to decreases in stress were described as relaxing (intervention) and having time off (control).  
[bookmark: _Toc97540229][bookmark: _Toc97541286]Self-efficacy. The qualitative findings provided an enhanced understanding of the similar change scores of the self-efficacy domain through reflections about hope and improvement. The intervention participants reflected feeling hopeful as a result of improvement whilst the control participants reflected upon the importance of hope for continued improvement. 












































Table 4.  
Joint display table of the mixed methods results 
	
	
	Quantitative
	
	Qualitative

	

	Domain
	
	Measure
	Intervention 
score
(T1-T0)
	Control 
change score 
(T1-T0)
	Effect size

	
	Control summary sentence(s)
	Intervention summary sentence(s)
	Points of distinction
	
	How do the qualitative findings expand upon the quantitative results?

	Functional Activity (upper limb)
	
	MAS-UL
	4.83 (5.71) 
	2.75 (2.49)
	0.50b
	
	Importance was placed on connecting the brain to observable movement, which was motivating. Computer game interventions were not enjoyable. Though upper limb strength improved, hand function was only partial.
	The musical intervention acted as a self-assessment, led to improvement of the upper limb and incentivised engagement in therapy. Engagement was challenging without music. 

	The intervention group spoke about an improvement in functional outcomes (in relation to the wrist and fingers), in contrast to the reflections of the control group who indicate that their resulting hand function is only partial. 

The intervention group emphasised how various musical elements of their treatment were important to their engagement and progress, whilst one participant from the control group said that one particular intervention (computer games) was not enjoyable. 

The intervention group described music-making as a self-assessment of function. There were no comparable comments around self-assessment of function from control group participants.

	
	Intervention participants provided further insight for the differences in functional improvement by discussing how musical elements were important for engagement, motivation and monitoring progress. They also identified that functional improvement was noted in their wrist and fingers. Control participants identified partial improvement in function, as was evident in their quantitative assessment data.


	
	
	MMT-UL
	6.83 (5.23)
	3.50 (2.56)
	0.85a
	
	
	
	
	
	

	
	
	9HPT
	0.09 (0.21)
	0.04 (0.10)
	0.32c
	
	
	
	
	
	

	
	
	Grip dynamometer
	3.58 (5.31)
	-0.10 (1.90)
	0.99a
	
	
	
	
	
	

	Depression*
	
	DASS-21 (depression)
	-2.00 (4.73)

	-4.25 (10.33) 
	0.27 c
	
	Feelings of suicidal ideation, mental drain, self-pity and the devastation of losing independence.

	n/a
	There were no reported themes about depression for the intervention group, whereas there were five themes under the category of depression for the control group.

	
	There was no further insight into the quantitative results based upon the qualitative findings as the control participants reflected about their challenges associated with depression whilst intervention participants did not reflect upon themes related to depression. 


	Anxiety*
	
	DASS-21 (anxiety)
	-3.33 (3.93)
	-1.50 (5.53)
	0.37 c
	
	Anxiety was triggered by waiting for help or repeated hospital admissions. Hope was important, and support from others helped.

	Playing music helped reduce anxiety
	There were four themes under the category of anxiety for the control group, but only one for the intervention group. 

Though themes for both groups indicated supportive approaches for anxiety, control group themes referenced support from others to help manage anxiety, whereas one intervention participant felt that playing music helped to reduce anxiety. 

Control group themes indicated certain triggers to their experience of anxiety. One control participant referenced the need to hold on to hope. 

	
	Intervention participants provided further insight for their marginally larger differences in anxiety improvement by discussing how playing music helped to reduce anxiety, whilst control participants shared how support from others helped with the management of anxiety. 


	Stress*
	
	DASS-21 (stress)
	-3.33 (4.32)
	-3.50 (10.78)
	0.02
	
	Though inability to complete a movement is frustrating, it is important to take a break and move past frustration.
	Music promoted relaxation and a space for down time.

	Under the stress domain, control group themes emphasised frustration, and needing to take breaks to manage this, whereas the intervention group themes focused on the way in which music therapy had offered support. 

	
	With similar change scores and thus no difference noted between conditions, intervention participants reflected about relaxation whilst control participants talked about needing to take breaks to manage frustration. 


	Self-efficacy
	
	SSEQ
	32.50 (12.00)
	33.88 (27.99)
	0.06
	
	It felt good to work hard and see functional improvement, with hopes for it to continue. However, there were also challenges associated with recovery, functional loss, independence and a yearning for normality.
	Feeling hopeful, happy and a sense of achievement as a result of the music therapy program. Though there was initial doubt about the music therapy program, progress eventuated.
	The intervention group themes focused on self-efficacy from a positive lens, i.e.: feeling a sense of progress, whilst the control group themes suggested a sense of striving, i.e.: the difficulty of not being completely independent. 

Control group themes identified the challenge of acceptance and a yearning for normality, whilst intervention group themes described feeling happy and a sense of achievement. 

The control group offered reflections about hard work and self-support.
	
	With similar change scores and thus no difference noted between conditions, both groups talked about hope and improvement, but from slightly different perspectives.

































a = large effect size (0.8 – 1.0), b = medium effect size (0.5 – 0.8), c = small effect size (0.2 – 0.5), ^T1 is timepoint 1 (post assessment), ^T1 is timepoint 1 (post assessment), +T2 is timepoint 2 (follow up assessment), * = improvement is indicated by a lower score 




[bookmark: _Toc97540230][bookmark: _Toc97541287]Discussion
The results of this study suggest possible benefits of the FES+iPad-based music therapy intervention on the functional activity of the upper limb and the experience of anxiety. The qualitative findings expanded upon the quantitative results by highlighting the benefit of musical engagement on improving upper limb function and reducing the overall experience of anxiety. 
Insight into the intervention participants’ clinically meaningful improvement in upper limb function related to the way in which musical elements of FES+iPad-based music therapy were important to their engagement in therapy, thus recognising that musical instrument playing is motivating for stroke survivors (van Wijck et al., 2012). The results of this study supports previous research that recognise the simultaneous benefits of post-stroke musical instrument playing on the functional activity of the upper limb (Altenmüller, Marco-Pallares, Münte, & Schneider, 2009; Schneider et al., 2007) and overall experience of anxiety (Raglio et al., 2017).  Further, as FES+iPad-based music therapy combines a conventional approach (FES) with alternative approaches (tablet technology and music therapy), the resultant improvement on upper limb function is congruent with the recommendation for a multidisciplinary approach to rehabilitation, as indicated in the Clinical Guidelines for Stroke Management (Stroke Foundation, 2022). This finding is also congruent by the previously documented individual benefits of FES, tablet technology and music therapy on the upper limb function of stroke survivors (Silveira, et al., 2020).
As a collaboratively developed intervention based upon music therapy and physiotherapy/occupational therapy principles, FES+iPad-based music therapy was accessible for stroke survivors with minimal function and facilitated task-specific practice (Hubbard, Parsons, Nielson & Carey, 2009), whilst simultaneously encouraging non-verbal expression through the process of music-making (Magee, Clark, Tamplin & Bradt, 2017). Considering the rising incidence of mental health challenges faced by stroke survivors (Terril, Schwartz & Belagaje, 2018), clinicians should consider approaches to upper limb rehabilitation that are accessible, enjoyable and have the potential to address goals of wellbeing simultaneously. Therefore, in recognising the substantial musical component of this intervention, we also advocate for the benefits of music-making in this clinical area through its simultaneous benefits with regard to the experience of anxiety (Magee et al., 2017).
We hope that this study will encourage clinicians to engage in more innovative and collaborative rehabilitation processes to support stroke survivors with a very weak upper limb. 

[bookmark: _Toc97540231][bookmark: _Toc97541288]Limitations and Research Recommendations
The main limitation of this study was that it was underpowered. The recruitment of stroke survivors was challenging – though many were screened for inclusion, very few met the inclusion criteria (16/341). This small sample size could be reflective of the stroke survivors increased access to the clot retrieval procedure: if accessed within a hours of stroke onset, the clot retrieval procedure can reduce the stroke survivors’ impact of stroke (Meurer, Barth, Gaddis, Vilke & Lam, 2017). In recognising that the included sites of this study had patients who were eligible and thus received the clot retrieval procedure, it is now unsurprising that the level of upper limb function of the stroke survivors at each site was not limited. Some stroke survivors were not eligible for inclusion due to their level of cognitive impairment (they scored less than 24 on the Mini Mental State Examination). Further, recruitment abruptly ceased in 2020 due to the COVID-19 pandemic. With a small sample size, we were not able to conduct inferential statistical analyses. However, we anticipate that the findings of this pilot study may contribute to the development of further research in this area. The results of this pilot study support the need for future research that is adequately powered for efficacy testing. 
Another limitation of this study was that I was both the interventionist and researcher. This dual role as “clinician researcher” (as identified in Chapter 4), required my involvement with the potential participants in every stage of the research: from recruitment, to facilitating the intervention (for those in the intervention condition) and to also conducting the interviews with both intervention and control participants. In recognising the prior relationship of myself with the intervention participants, it is possible that some participants may have offered more positive reflections about their experience than if they were interviewed by a neutral researcher (i.e.: non-interventionist). Though I ensured to use the same core questions when interviewing the control and intervention participants, I recognise the potential influence of the pre-existing therapeutic relationship. Therefore, I would recommend that that the interventionist and interviewer be different people to mitigate this risk for future iterations of this type of study.

[bookmark: _Toc97540232][bookmark: _Toc97541289]Conclusions
As there are no pre-existing trials for music-making interventions for the very weak upper limb, this novel approach has great clinical relevance in stroke rehabilitation (Silveira, et al., 2020). Through creating a protocol for accessible music-making activities, this research not only sought to examine effect of the intervention on upper limb function, but concurrently examined the benefits of musical engagement on depression, anxiety, stress and self-efficacy. The findings of this pilot study indicated that FES+iPad-based music therapy has the potential to support stroke survivors in the acute rehabilitation phase of their treatment, specifically in relation to their functional recovery of the upper limb and experience of anxiety. 
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[bookmark: _Toc97540237][bookmark: _Toc97541294]Appendix A
[bookmark: _Toc97540238][bookmark: _Toc97541295]Summary of the intervention protocol (from Silveira et al., 2020)
[bookmark: _Toc97540239][bookmark: _Toc97541296]Directed Improvisation
Following an auditory cue, participants were encouraged to engage in task-specific practice of the upper limb (wrist movement and/or finger movement) by playing the iPad-based instrument. The auditory cue acted as a guide for the movement and was conveyed through the personalised programming of a metronome and live instrumental accompaniment. The music therapist followed a decision tree protocol for this stream of music-making.
[bookmark: _Toc97540240][bookmark: _Toc97541297]Song Learning 
Participants were encouraged to learn an excerpt of a familiar song on the iPad-based instrument. A personalised transcription of the song was created by the music therapist to ensure for a strengths-based approach to learning (i.e. using fingers that have the most prevalent strength/functional activity). The music therapist followed a decision tree protocol for this stream of music-making.
[bookmark: _Toc97540241][bookmark: _Toc97541298]Free Improvisation
	Participants were encouraged to freely create music without any instruction. As this music-making stream was about creating music in the moment, without any parameters, there was no-decision tree protocol created. 
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The next three chapters (Chapters 7, 8 and 9) will detail the process of analysis and separate quantitative results (Chapter 7), qualitative findings (Chapter 8), and mixed methods findings (Chapter 9). 
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[bookmark: _Toc94248938][bookmark: _Toc94249135][bookmark: _Toc94250308][bookmark: _Toc95060963][bookmark: _Toc95061179][bookmark: _Toc95282575][bookmark: _Toc95283080][bookmark: _Toc95284801][bookmark: _Toc95380135][bookmark: _Toc95380482][bookmark: _Toc95380830][bookmark: _Toc95658855][bookmark: _Toc95659209][bookmark: _Toc97540244][bookmark: _Toc97541301]Quantitative Analysis and Results

[bookmark: _Toc94248939][bookmark: _Toc94249136][bookmark: _Toc94250309][bookmark: _Toc95060964][bookmark: _Toc95061180][bookmark: _Toc95282576][bookmark: _Toc95283081][bookmark: _Toc95284802][bookmark: _Toc95380136][bookmark: _Toc95380483][bookmark: _Toc95380831][bookmark: _Toc95658856][bookmark: _Toc95659210][bookmark: _Toc97540245][bookmark: _Toc97541302]Introduction
The planning and ethics application process for this study started in March 2017. Following ethics approval via the South Eastern Sydney Local Health District Human Research Ethics Committee (Appendix A), which was accepted by the University of Melbourne Ethics Committee, participant recruitment commenced in August 2018 and continued for 18 months. As a mixed methods study, quantitative and qualitative data were collected, analysed and integrated to provide a holistic understanding of the FES+iPad-based music therapy intervention (Morse, 1991). This chapter will present the quantitative analysis and results of the study. 
There were three points of quantitative data collection for all participants: at baseline (at 0 weeks, i.e.: Timepoint 0: T0), post-intervention (at 4 weeks, i.e.: Timepoint 1: T1) and 3 months following the conclusion of the intervention period (at 4 months, i.e.: Timepoint 2: T2). Participants were also interviewed about the experience of their received treatment during at post-assessment (T2) (see Chapter 6: Qualitative Results). Recruitment for this study ended prematurely in March 2020 due to the COVID-19 pandemic. Though no participants withdrew from the study, some were unable to complete follow up assessments (T2).
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	The quantitative data collection and analysis was the primary component of this study within the mixed methods experimental design with an explanatory sequential core. In this way, no specific considerations were required.   
[bookmark: _Toc94248941][bookmark: _Toc94249138][bookmark: _Toc94250311][bookmark: _Toc95060966][bookmark: _Toc95061182][bookmark: _Toc95282578][bookmark: _Toc95283083][bookmark: _Toc95284804][bookmark: _Toc95380138][bookmark: _Toc95380485][bookmark: _Toc95380833][bookmark: _Toc95658858][bookmark: _Toc95659212][bookmark: _Toc97540247][bookmark: _Toc97541304]Quantitative Analysis Procedure
The raw data for upper limb functional activity (primary outcome) and wellbeing (secondary outcome) were collected by masked assessors and entered into REDCap (a secure online data collection and management program). In preparation for analysis using IBM’s SPSS (Statistical Package for the Social Sciences), the data were then exported and cleaned up. As per the requirements of the included measures, the three upper limb item scores from the Motor Assessment Scale (MAS-UL) were combined to arrive at a total score for each participant, and the five upper limb item scores from the Manual Muscle Test (MMT-UL) were also combined to arrive at a total score for each participant. The Depression Anxiety and Stress Scores (DASS-21) were calculated as per the scoring criteria for each category (addition of the scores and multiplied by 2), providing a separate depression score, anxiety score, and stress score. Further, the Stroke Self-Efficacy Questionnaire (SSEQ) scores were summed to arrive at a total score for each participant (Jones, Partridge & Reid, 2008). The score taken from the 9-Hole-Peg Test (9HPT) was calculated as pegs moved per second, and the grip dynamometry reading remained in kilogram-force (kg/F).
Univariate analyses were conducted to examine the mean change scores of each measure from T0 (baseline) to T1 (post-intervention), and from T1 (post) to T2 (follow up) assessment. The 95% confidence intervals and effect sizes (Hedges’ g) were also calculated for each measure. Two finalised tables summarising the quantitative results were then created: one for the T0 to T1 mean difference, and a second for the T1 to T2 mean difference (see Chapter 5). As the purpose of this study was to examine the effect of the FES+iPad-based music therapy intervention, the mean change from T0 to T1 was of primary interest. Therefore, the research questions with which to approach the qualitative analysis were based upon the quantitative findings from the intervention period (T0 to T1).
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All stroke survivors admitted to the five included stroke rehabilitation units (Prince of Wales Hospital, St. George Hospital, Lady Davidson Private Hospital, Mt. Wilga Hospital & MetroRehab Hospital) were screened for eligibility to participate in the study. A liaison person at each site screened participants for eligibility using the provided eligibility checklist (see Appendix B). Participants were identified as eligible for inclusion if they: 
· Had a medical diagnosis of stroke
· Were recruited within 4 weeks of stroke onset
· Were an inpatient at one of the included sites 
· Had resultant upper limb hemiparesis secondary to stroke
· Had less than grade three level of strength in at least three out of the five muscle groups (from the upper limb items of the Manual Muscle Test)
· Scored at least 24 on the Mini Mental State Examination
· Were able to follow two-stage commands 
· Had a predicted length of stay to be a minimum of four weeks 
· Had no impairment in receptive communication
· Had no presence of a cardiac pacemaker, hypersensitivity to electrical stimulation, severe skin conditions and/or epilepsy
· Had no pre-existing condition effecting upper limb function (e.g. arthritis)
(Silveira, Dorsch, Thompson & Tamplin, 2020, p. 5)
Of all the participants screened across the five included sites (n = 341), 16 stroke survivors were eligible for the study between August 2018 and March 2020. Two eligible participants declined, thus a total of 14 consenting participants were enrolled in the study. This small sample size may be a result of the stroke survivors’ increased access to the clot retrieval procedure: if accessed within a matter of hours of stroke onset, the impact of stroke can be reduced (Meurer, Barth, Gaddis, Vilke & Lam, 2017). In recognising that the included sites of this study had patients who were eligible and thus received the clot retrieval procedure, it is now unsurprising that the level of upper limb function of the stroke survivors at each site was higher than what was indicated in the grade three level of strength (from the upper limb items of the Manual Muscle Test). Some stroke survivors were not eligible for inclusion due to their level of cognitive impairment (they scored less than 24 on the Mini Mental State Examination). Further, recruitment abruptly ceased in 2020 due to the COVID-19 pandemic. See Figure 1 for a flow diagram of the study. 
A masked assessor conducted the baseline assessments for the enrolled participants prior to randomisation. After this, each participant was randomised to the intervention condition (n=6) or control condition (n=8). As a multi-site trial, block randomisation was used with block sizes of four per site. As indicated in the consort flow diagram below (Figure 1), all included participants completed the baseline assessment (T0) and post assessment (T1). Four participants did not complete all of the follow up assessments (T2). Two participants were lost to follow up (T2), either due to an unplanned discharge location (n=1) or being uncontactable after discharge (n= 1). Two participants completed components of the assessment at T2; one participant completed the upper limb assessments (in person), and the other completed the wellbeing questionnaires (over the phone, due to the COVID-19 restrictions). The participant who completed the upper limb assessments in person shared with the masked assessor that they did not want to be questioned about their feelings and thus declined completing the wellbeing questionnaires.
All included participants received their treatment as usual, as indicated by the stroke rehabilitation unit in which they were based. Those randomly allocated to the intervention condition received the FES+iPad-based music therapy intervention in addition to usual treatment (see Chapter 3: Methodology for more detail).























Figure 1.
Consort flow diagram of recruitment process
Assessed for eligibility (n= 341)
Enrolment
Excluded (n= 327)
Did not meet the inclusion criteria (n= 325)
Met inclusion criteria but declined to participate (n= 2)
Randomised (n= 14)
Baseline assessment: Timepoint 0 (T0)
(n =14)
Lost to follow up assessment (n= 1)
· Discharge location too far (n= 1)
Lost to follow up (n=1)
· Uncontactable after (n= 1)
Incomplete assessment conducted (n=2)
· COVID-19 restrictions (n= 1)
· Other (n= 1)

Follow up assessment:
Timepoint 2 (T2) 
Completed post assessment (n=8)
Completed Post assessment (n=6)
Post assessment:
Timepoint 1 (T1)
Allocated to control condition (n=8)
· Received allocated treatment (n=8)
Allocated to intervention (n=6)
· Received allocated treatment (n=6)
Allocation
Analysed (n=6)
Analysed (n=8)
Analysis 
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	Over half of the participants included in this study mostly identified as female (57%). The average age of the included participants was 64 (95% CI 55-73, range 32-82). The distribution for the subject ages was moderately skewed (skewness = -0.932), which was unsurprising due to the small sample size and rising incidence of stroke in younger adults (George, 2020; Hall, Vaughan, Ritchey, Schieb & Casper, 2019; Smajlović, 2015).  
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Quantitative data were collected at three time-points: baseline (T0), post-intervention (T1) and 3-month follow up (T2). As this study sought to examine the impact of the FES+iPad-based music therapy intervention, the primary timepoint of comparison was from T0 to T1. To account for any differences at baseline, the mean change scores were used in the analysis. The mean change scores from T0 to T1 for all included measures for intervention and control groups can be found in Table 1. Mean change scores from T1 to T2 were also calculated (see Table 2). Tables 1 and 2 will be referred to in the following analyses for each measure. 
The power calculation for this study was based upon the primary outcome measure (Motor Assessment Scale – upper limb items) and indicated that 40 participants were required (Silveira et al., 2020). As recruitment was forced to end prematurely (due to the COVID-19 pandemic) with only 14 participants enrolled, the study was underpowered. With such a small sample, it was not valid to conduct inferential statistical analyses. Instead, mean change scores, effect sizes and 95% confidence intervals were calculated and reported. Effect sizes were calculated using Hedges’ g, as it is the preferred calculation for samples that are smaller than 20, and also takes into account differences in sample sizes between groups (Glen, 2016). 

Table 1.
Mean change across intervention and control conditions (baseline to post assessment)
	
	
INTERVENTION
Mean change score 
T1^ – T0#  
n= 6
Mean (SD)
	
	
	
CONTROL
Mean change score 
T1^ – T0#  
n = 8
Mean (SD)
	
Between group difference (Intervention minus control)

	
Effect size
(Hedges’ g~ )
	
95% Confidence Interval of the between group difference

	
Motor Assessment Scale – Upper Limb 
(Range: 0 to 18)
	
4.83 (5.71)
	
	
	
2.75 (2.49)
	
2.08
	
0.50b
	
(-2.80, 6.96)

	
Manual Muscle Tests – Upper Limb 
	
6.83 (5.23)
	
	
	
3.50 (2.56)
	
3.33
	
0.85a 
	
(-1.26, 7.93)

	(Range: 0 to 20)

9-Hole-Peg-Test 
(no. of pegs moved per second)
	

0.09 (0.21)
	
	
	

0.04 (0.10)
	

0.05
	

0.32c
	

(-0.13, 0.23)

	
Grip Dynamometry
(kilogram-force)
	
3.58 (5.31)
	
	
	
-0.10 (1.90)
	
3.68
	
0.99 a
	
(-0.70, 8.07)

	
DASS-21: Depression*
(Range: 0 to 42)
	
-2.00 (4.73)
	
	
	
-4.25 (10.33)
	
2.25
	
0.27 c
	
(-7.71, 12.21)

	
DASS-21: Anxiety*
	

-3.33 (3.93)
	
	
	

-1.50 (5.53)
	

-1.83
	

0.37 c
	

(-7.63, 3.97)

	(Range: 0 to 42)

DASS-21: Stress*
(Range: 0 to 42)

	

-3.33 (4.32)
	
	
	

-3.50 (10.78)
	

0.17
	

0.02
	

(-10.07, 10.40)

	Stroke Self-efficacy Questionnaire
(Range: 0 to 130)
	32.50 (12.00)
	
	
	33.88 (27.99)
	33.88 (27.99)
	0.06
	(-28.13, 25.38)


* = improvement is indicated by a lower score, a = large effect size (0.8), b = medium effect size (0.5), c = small effect size (0.2), ^T1 is timepoint 1 (post assessment), 
#T0 is timepoint 0 (baseline), ~ =  Hedges’ g cannot be taken too definitively as the confidence intervals for all mean differences cross 0

Using Hedges’ g, the effect size for each measure was calculated to determine potential clinical relevance in upper limb function (primary outcome area) and wellbeing (secondary outcome area). As indicated by Hedges (1981), the following reference markers were used to identify the size of effect: 0.2 indicates a small effect size, 0.5 indicates a medium effect size, and 0.8 indicates a large effect size (Glen, 2016). These calculations revealed a large effect of the intervention for the Manual Muscle Test (upper limb items) and grip dynamometry results, a medium effect for the Motor Assessment Scale (upper limb items), and a small effect for the 9-hole-peg-test scores and anxiety scores (DASS-21) from T0 to T1 in favour of the intervention group. There was a small effect for the depression scores (DASS-21) from T0 to T1 in favour of the control group.
















Table 2.
Mean change across intervention and control conditions (post assessment to follow up assessment)
	
	
INTERVENTION
Mean change score of 
T2+ – T1^
n = 5
Mean (SD)
	
	
	
CONTROL
Mean change score of 
T2+ – T1^
n = 7 
Mean (SD)
	
Between group difference 

	
Effect Size 
(Hedges’ g~ )
	
95% Confidence Interval of the between group difference 

	
Motor Assessment Scale – Upper Limb 
(Range: 0 to 18)
	
1.20 (3.83)
	
	
	
4.00 (2.45)p1 
	
-2.80
	
0.89 a
	
(-7.10, 1.50)

	
Manual Muscle Tests – Upper Limb 
	
0.00 (5.57)
	
	
	
3.33 (3.50)p1
	
-3.33
	
0.73 b
	
(-9.55, 2.88)

	(Range: 0 to 20)

9-Hole-Peg-Test 
(no. of pegs moved per second)
	

0.11 (0.18)
	
	
	

0.08 (0.09)p1
	

0.04
	

0.22 c
	

(-0.15, 0.22)

	
Grip Dynamometry
(kilogram-force)
	
3.20 (5.82)
	
	
	
0.72 (1.77)p1
	
2.48
	
0.61 b
	
(-3.13, 8.09)

	
DASS-21: Depression*
	
10.80 (13.31)
	
	
	
8.67 (10.01)p2
	
2.13
	
0.18
	
(-13.75, 18.02)

	(Range: 0 to 42)

DASS-21: Anxiety*
	

3.20 (3.63)
	
	
	

-1.33 (6.41)p2
	

4.53
	

0.85 a
	

(-2.80, 11.87)

	(Range: 0 to 42)

DASS-21: Stress*
(Range: 0 to 42)

	

4.80 (10.64)
	
	
	

5.33 (5.47)p2
	

-0.53
	

0.06
	

(-11.74, 10.67)

	Stroke Self-Efficacy Questionnaire
(Range: 0 to 130)

	-4.40 (2.92)
	
	
	5.83 (17.61)p2
	-10.23
	0.47 c
	(-39.96, 19.49)


* = improvement is indicated by a lower score, a = large effect size (0.8), b = medium effect size (0.5), c = small effect size (0.2), +T2 is timepoint 2 (follow up assessment), ^T1 is timepoint 1 (post assessment);  p1 = one participant only completed this upper limb component of assessment (they declined to engage with the wellbeing measures); p2 = one participant only completed the wellbeing component (they were unable to engage with the upper limb measures due to COVID-19 restrictions), ~ =  Hedges’ g cannot be taken too definitively as the confidence intervals for all mean differences cross 0

Table 2 presents results from the time period between T1 (post-intervention) and T2 (follow up), including the mean change scores, effect sizes and 95% confidence intervals. Due to dropouts, there was data for fewer participants for the follow up assessments. Though two participants (one from each group) did not complete any assessments at follow up, two control participants completed partial assessments. As indicated in Table 2, the data from T1 to T2 was based on the assessment of five completed assessments from intervention participants (n=5), and six completed assessments from the control participants (n=7). The effect size calculations from T1 to T2 revealed a medium effect in favour of the intervention group for the Manual Muscle Test (upper limb items) and grip dynamometer, and small effect was found for the 9-hole-peg test. However, there was a small effect for the Stroke Self-efficacy Questionnaire and a large effect for the Motor Assessment Scale (upper limb items) and Anxiety scores (DASS-21) in favour of the control condition from T1 to T2. 
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The primary objective of this study was to examine whether the functional activity of the paretic upper limb improved with FES+iPad-based music therapy, as an addition to usual care (Silveira et al., 2020). This next section will report the findings from the intervention period (T0 to T1) with reference to Table 1. Reference to the results presented in Table 2 will then be used to examine the impact of the FES+iPad-based music therapy intervention after the completion of the intervention period (T1 to T2). After presenting these findings, the two directional hypotheses related to upper limb functional activity and strength will be addressed.  
[bookmark: _Toc94248947][bookmark: _Toc94249144][bookmark: _Toc94250317][bookmark: _Toc95060972][bookmark: _Toc95061188][bookmark: _Toc95282584][bookmark: _Toc95283089][bookmark: _Toc95284810][bookmark: _Toc95380144][bookmark: _Toc95380491][bookmark: _Toc95380839][bookmark: _Toc95658864][bookmark: _Toc95659218][bookmark: _Toc97540253][bookmark: _Toc97541310]Primary Outcome Measure: Motor Assessment Scale – Upper Limb Items (MAS-UL)
The primary outcome measure for this study was the MAS-UL. As indicated in Table 1, the mean difference in MAS-UL change scores between the groups was 2.08 points (95% CI -2.80, 6.96). Further, a medium effect size (g = 0.54) was found for the difference in mean MAS-UL change scores, with the intervention group improving to a greater degree (4.83 point increase) than the control group (2.75 point increase) (see Figure 2). 

Figure 2.
The average MAS-UL score at Timepoint 1 (baseline) and Timepoint 2 (post) for the intervention and control conditions
Score












As indicated in Figure 2, the average MAS-UL score increased from T0 to T1 for both the intervention participants (T0: 1, T1: 5.83) and control participants (T0: 1.38, T1: 4.13). The mean difference in MAS-UL change scores from T1 to T2 between the groups was -2.80 points (95% CI -7.10, 1.50; g = 0.89), identifying greater mean change for the control group (mean change score: 4) in comparison to the intervention group (mean change score: 1.20) from T1 to T2 (Table 2). 

[bookmark: _Toc94248948][bookmark: _Toc94249145][bookmark: _Toc94250318][bookmark: _Toc95060973][bookmark: _Toc95061189][bookmark: _Toc95282585][bookmark: _Toc95283090][bookmark: _Toc95284811][bookmark: _Toc95380145][bookmark: _Toc95380492][bookmark: _Toc95380840][bookmark: _Toc95658865][bookmark: _Toc95659219][bookmark: _Toc97540254][bookmark: _Toc97541311]Manual Muscle Test – Upper Limb Items (MMT-UL)
As indicated in Table 1, the mean difference in MMT-UL change scores between the groups was 3.33 points (95% CI -1.26, 7.93). Further, a large effect size (g = 0.85) was found for the difference in mean MMT-UL change scores, with the intervention group improving to a greater degree (6.83 point increase) than the control group (3.50 point increase) (see Figure 3). 

Figure 3.
The average MMT-UL score at pre- and post-assessment for the intervention and control conditions
Score












As indicated in Figure 3, the average MMT-UL score increased from T0 to T1 for both the intervention participants (T0: 5.33, T1: 12.17) and control participants (T0: 8.38, T1: 11.88). The mean difference in MMT-UL change scores from T1 to T2 between the groups was -3.33 points (95% CI -9.55, 2.88; g = 0.73), identifying greater mean change for the control group (mean change score: 3.33) in comparison to the intervention group (mean change score: 0) from T1 to T2 (Table 2).
[bookmark: _Toc94248949][bookmark: _Toc94249146][bookmark: _Toc94250319][bookmark: _Toc95060974][bookmark: _Toc95061190][bookmark: _Toc95282586][bookmark: _Toc95283091][bookmark: _Toc95284812][bookmark: _Toc95380146][bookmark: _Toc95380493][bookmark: _Toc95380841][bookmark: _Toc95658866][bookmark: _Toc95659220][bookmark: _Toc97540255][bookmark: _Toc97541312]The 9-Hole-Peg-Test (9HPT)
The mean difference in 9HPT change scores between the groups was very small as indicated by 0.05 pegs moved per second (95% CI -0.13, 0.23), and indicated a small effect size (g = 0.32) (Table 1). The intervention group improved (an increase of 0.09 pegs moved per second) slightly more than the control group (an increase of 0.04 pegs moved per second) (see Figure 4). 

Figure 4. 
The average 9HPT scores at Timepoint 1 (baseline) and Timepoint 2 (post) for the intervention and control conditionsNumber of pegs moved per second













As indicated in Figure 4, the average 9HPT score increased marginally from T0 to T1 for both the intervention participants (T0: 0, T1: 0.09) and control participants (T0: 0, T1: 0.04). The mean difference in 9HPT change scores from T1 to T2 between the groups was 0.04 pegs moved per second (95% CI -0.15, 0.22; g = 0.22), identifying a marginal improvement for the intervention (mean change score: 0.11) and the control group (mean change score: 0.08) from T1 to T2 (Table 2).
[bookmark: _Toc94248950][bookmark: _Toc94249147][bookmark: _Toc94250320][bookmark: _Toc95060975][bookmark: _Toc95061191][bookmark: _Toc95282587][bookmark: _Toc95283092][bookmark: _Toc95284813][bookmark: _Toc95380147][bookmark: _Toc95380494][bookmark: _Toc95380842][bookmark: _Toc95658867][bookmark: _Toc95659221][bookmark: _Toc97540256][bookmark: _Toc97541313]Grip Dynamometry
As indicated in Table 1, the mean difference in grip dynamometry change scores between the groups was 3.68 kg/F (95% CI -0.70, 8.07). Further, a large effect size (g = 0.99) was found for the difference in mean grip dynamometry change scores, with the intervention group improving (3.58 kg/F increase) and the control group remaining relatively stable (-0.10 kg/F decrease) (see Figure 5). 

Figure 5. 
The average grip dynamometry scores at Timepoint 1 (baseline) and Timepoint 2 (post) for the intervention and control conditions
Kilogram-force











As indicated in Figure 5, the average grip dynamometry score increased from T0 to T1 for intervention participants (T0: 1.58, T1: 5.17) but marginally decreased for the control participants (T0: 2.75, T1: 2.65). The mean difference in grip dynamometry change scores from T1 to T2 between the groups was 2.48 kilograms (95% CI -3.13, 8.09; g = 0.61), identifying a greater mean change for the intervention group (mean change score: 3.20) in comparison to the control group (mean change score: 0.72) from T1 to T2 (Table 2).
[bookmark: _Toc94248951][bookmark: _Toc94249148][bookmark: _Toc94250321][bookmark: _Toc95060976][bookmark: _Toc95061192][bookmark: _Toc95282588][bookmark: _Toc95283093][bookmark: _Toc95284814][bookmark: _Toc95380148][bookmark: _Toc95380495][bookmark: _Toc95380843][bookmark: _Toc95658868][bookmark: _Toc95659222][bookmark: _Toc97540257][bookmark: _Toc97541314]Upper Limb Hypotheses
In Chapter 3, the overall functional activity (of the upper limb) hypothesis was stated as: “the addition of FES+iPad-based music therapy to usual treatment will increase the functional activity of the paretic arm/hand, more than usual treatment alone”. Following on from this, two directional hypotheses were created: directional hypothesis 1 (DH1) related to upper limb functional activity, whilst directional hypothesis 2 (DH2) related to upper limb strength (see Table 3). 
[bookmark: _Toc94248952][bookmark: _Toc94249149][bookmark: _Toc94250322][bookmark: _Toc95061193][bookmark: _Toc95283094][bookmark: _Toc95284815][bookmark: _Toc95380149][bookmark: _Toc95380496][bookmark: _Toc95380844][bookmark: _Toc95658869][bookmark: _Toc95659223][bookmark: _Toc97540258][bookmark: _Toc97541315]Directional Hypothesis 1: Upper limb functional activity. The MAS-UL revealed a medium effect size (g = 0.50), supporting DH1, whilst the 9HPT revealed a small effect size (g = 0.32). A change in 3/18 for the combined UL items of the MAS can be considered clinically meaningful (Canadian Agency for Drugs and Technologies in Health, 2017). Hence, there were clinically meaningful changes for the intervention group (mean change score: 4.83), but not for the control group (mean change score: 2.75). Though the minimal detectable difference of the 9HPT for stroke survivors was 32.8 seconds (Chen et al., 2009), we sought to examine the potential of clinically meaningful change. With no existing reports for the clinically meaningful change for the 9HPT for stroke survivors, a convention of 20% improvement was used (congruent with clinical practice). As no participants were able to complete the full test at either timepoint (T0 or T1), we were not able to conclude that the 9HPT findings support DH1. Therefore, the data from the MAS-UL supports DH1, however there is insufficient data from the 9HPT to support DH1. 
[bookmark: _Toc94248953][bookmark: _Toc94249150][bookmark: _Toc94250323][bookmark: _Toc95061194][bookmark: _Toc95283095][bookmark: _Toc95284816][bookmark: _Toc95380150][bookmark: _Toc95380497][bookmark: _Toc95380845][bookmark: _Toc95658870][bookmark: _Toc95659224][bookmark: _Toc97540259][bookmark: _Toc97541316]	Directional Hypothesis 2: Upper limb strength. As indicated in DH2, the MMT-UL and grip dynamometer were used to assess strength. The MMT-UL results indicated a large effect of the intervention (g = 0.85), as did the grip dynamometer (g = 0.99). Though it is unclear as to what degree of change is clinically meaningful for the MMT-UL (Dvir, 2015), a convention of 20% is often used in clinical practice: this would indicate a change of five points across the five included upper limb components of the MMT. Therefore, the intervention groups’ MMT-UL change score of 6.83 points in this study was considered clinically meaningful and the control group’s mean change score of 3.50 was not. In the absence of any published data on the clinically meaningful change on grip strength of stroke survivors, again a convention of 20% was used. Hence, there were clinically meaningful changes for the intervention group (mean change score: 3.58 kg/F) but not for the control group (mean change score: -0.10 kg/F) on this measure. Therefore, as clinically meaningful changes in strength were identified for the intervention group (but not the control group) across the MMT-UL and grip dynamometer, there is evidence to support DH2. 



	
Directional Hypothesis (DH)
	
Directional Hypothesis

	
Related measure/s
	
Effect size
(T0 to T1)
	
Does the effect size support the DH?

	DH1 -
Upper limb functional activity

	Stroke survivors will have better upper limb functional activity after they receive a 4-week FES+iPad-based music therapy program as an addition to usual treatment than when they receive usual treatment only

	Motor Assessment Scale (Upper limb Items)

9-Hole-Peg-Test


	0.50 b

0.32 c



	There was data to support DH1

There was insufficient data to support DH1

	DH 2 – Upper limb strength
	Stroke survivors have better upper limb strength when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Grip Dynamometer

Manual Muscle Test (Upper limb Items)

	0.99 a

0.85 a
	There was data to support DH2

There was data to support DH2


Table 3.
Directional hypotheses for upper limb function and strength

	a = large effect size (0.8), b = medium effect size (0.5), c = small effect size (0.2)
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[bookmark: _Toc94248954][bookmark: _Toc94249151][bookmark: _Toc94250324][bookmark: _Toc95060977][bookmark: _Toc95061195][bookmark: _Toc95282589][bookmark: _Toc95283096][bookmark: _Toc95284817][bookmark: _Toc95380151][bookmark: _Toc95380498][bookmark: _Toc95380846][bookmark: _Toc95658871][bookmark: _Toc95659225][bookmark: _Toc97540260][bookmark: _Toc97541317]Secondary Outcome Area: Wellbeing 
The secondary objective of this study was to examine whether wellbeing outcomes (depression, anxiety, stress and self-efficacy) improve with FES+iPad-based music therapy, as an addition to usual care (Silveira, et al., 2020). This next section will report the findings from the intervention period (T0 to T1) with reference to Table 1. The average scores at each timepoint (T0 and T1) will then be presented. Reference to the results presented in Table 2 will then be used to examine the impact of treatment allocation after the completion of the intervention period (T1 to T2). After presenting these findings, the four directional hypotheses related to the wellbeing outcomes will be addressed. It is important to note that for the wellbeing outcomes related to the DASS-21 (depression, anxiety and stress), a lower score indicates improvement, that is: the lower the score, the lesser the presence of the relevant symptoms.
[bookmark: _Toc94248955][bookmark: _Toc94249152][bookmark: _Toc94250325][bookmark: _Toc95060978][bookmark: _Toc95061196][bookmark: _Toc95282590][bookmark: _Toc95283097][bookmark: _Toc95284818][bookmark: _Toc95380152][bookmark: _Toc95380499][bookmark: _Toc95380847][bookmark: _Toc95658872][bookmark: _Toc95659226][bookmark: _Toc97540261][bookmark: _Toc97541318]Depression (from the Depression Anxiety and Stress Scale) 
As indicated in Table 1, the mean difference in depression change scores between the groups from T0 to T1 was 2.25 points (95% CI -7.71, 12.21). Further, a small effect size (g = 0.27) was found for the difference in mean depression change scores, with the control group improving to a greater degree (4.25 point decrease) than the intervention group (2 point decrease) (see Figure 6). 







Figure 6. 
The average depression scores at Timepoint 1 (baseline) and Timepoint 2 (post) for the intervention and control conditions
Score












As indicated in Figure 6, the average depression score decreased from T0 to T1 for both the intervention participants (T0: 9.67, T1: 7.67) and control participants (T0: 13, T1: 8.75). According to the DASS-21 scoring system for Depression (see Table 4), the intervention participants’ depression scores started in the “normal” range of severity at baseline (average score: 9.67) and remained in this range at the post assessment (average score: 7.67) (Lovibond & Lovibond, 1995). Those in the control condition showed “moderate” levels of depression at baseline (average score: 13), and “normal” levels of depression at the post assessment (average score: 8.75) (Lovibond & Lovibond, 1995). The mean difference in depression change scores from T1 to T2 between the groups was 2.13 points (95% CI -13.75, 18.02; g = 0.18), identifying that depression increased for both the control group (mean change score: 8.67), and the intervention group (mean change score: 10.80) during the follow up period (Table 2).
Table 4
DASS-21 scoring system (Lovidbond & Lovibond, 1995)
	Level of severity
	Depression
	Anxiety
	Stress


	Normal
	0-9
	0-6
	0-10

	Mild
	10-12
	7-9
	11-18

	Moderate
	13-20
	10-14
	19-26

	Severe
	21-27
	15-19
	27-34

	Extremely severe
	28-42
	20-42
	25-42



[bookmark: _Toc94248956][bookmark: _Toc94249153][bookmark: _Toc94250326][bookmark: _Toc95060979][bookmark: _Toc95061197][bookmark: _Toc95282591][bookmark: _Toc95283098][bookmark: _Toc95284819][bookmark: _Toc95380153][bookmark: _Toc95380500][bookmark: _Toc95380848][bookmark: _Toc95658873][bookmark: _Toc95659227][bookmark: _Toc97540262][bookmark: _Toc97541319]Anxiety (Depression Anxiety and Stress Scale) 
As indicated in Table 1, the mean difference in anxiety change scores between the groups from T0 to T1 was -1.83 points (95% CI -7.63, 3.97). Further, a small effect size (g = 0.37) was found for the difference in mean anxiety change scores, with the intervention group improving to a greater degree (3.33 point decrease) than the control group (1.50 point decrease) (see Figure 7). 











Figure 7.
The average anxiety scores at Timepoint 1 (baseline) and Timepoint 2 (post) for the intervention and control conditions
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As indicated in Figure 7, the average anxiety score decreased from T0 to T1 for both the intervention participants (T0: 6.33, T1: 3) and control participants (T0: 7.5, T1: 6). According to the DASS-21 scoring system for Anxiety (see Table 4), the intervention participants’ anxiety started in the “normal” range of severity at baseline (average score: 6.33) and remained in this range at the post assessment (average score: 3) (Lovibond & Lovibond, 1995). Those in the control condition showed “mild” levels of anxiety at baseline (average score: 7.5), and “normal” levels of anxiety at the post assessment (average score: 6) (Lovibond & Lovibond, 1995). The mean difference in anxiety change scores from T1 to T2 between the groups was 4.53 points (95% CI -2.80, 11.87; g = 0.06), identifying that depression slightly increased for the control group (mean change score: -1.33), but increased for the intervention group (mean change score: 3.20) from T1 to T2 (Table 2).
[bookmark: _Toc94248957][bookmark: _Toc94249154][bookmark: _Toc94250327][bookmark: _Toc95060980][bookmark: _Toc95061198][bookmark: _Toc95282592][bookmark: _Toc95283099][bookmark: _Toc95284820][bookmark: _Toc95380154][bookmark: _Toc95380501][bookmark: _Toc95380849][bookmark: _Toc95658874][bookmark: _Toc95659228][bookmark: _Toc97540263][bookmark: _Toc97541320]Stress (Depression Anxiety and Stress Scale)
As indicated in Table 1, the mean difference in stress change scores between the groups from T0 to T1 was 0.17 points (95% CI -10.07, 10.40). Further, the effect size (g = 0.02) suggested no effect between conditions with both groups improving similarly over the course of the intervention (intervention group improved by 3.33 points, and the control group improved by 3.50 points) (see Figure 8).

Figure 8.
The average Stress scores at Timepoint 1 (baseline) and Timepoint 2 (post) for the intervention and control conditions
Score

	









As indicated in Figure 8, the average stress score improved (decreased) from T0 to T1 for both the intervention participants (T0: 14, T1: 10.67) and control participants (T0: 15.75, T1: 12.25). According to the DASS-21 scoring system for stress (see Table 4), the intervention participants’ stress started in the “mild” range of severity at baseline (average score: 14) and shifted to the “normal” range at the post assessment (average score: 10.67) (Lovibond & Lovibond, 1995). Those in the control condition showed “mild” levels of stress at baseline (average score: 15.75), which remained “mild” at the post assessment (average score: 12.25) (Lovibond & Lovibond, 1995). The mean difference in stress change scores from T1 to T2 between the groups was -0.53 points (95% CI -11.74, 10.67; g = 0.06), identifying that depression increased for both the control group (mean change score: 5.33), and the intervention group (mean change score: 4.80) from T1 to T2 (Table 2). 
[bookmark: _Toc94248958][bookmark: _Toc94249155][bookmark: _Toc94250328][bookmark: _Toc95060981][bookmark: _Toc95061199][bookmark: _Toc95282593][bookmark: _Toc95283100][bookmark: _Toc95284821][bookmark: _Toc95380155][bookmark: _Toc95380502][bookmark: _Toc95380850][bookmark: _Toc95658875][bookmark: _Toc95659229][bookmark: _Toc97540264][bookmark: _Toc97541321]Stroke Self-efficacy Questionnaire (SSEQ)
As indicated in Table 1, the mean difference in SSEQ change scores between the groups from T0 to T1 was -1.38 points (95% CI -28.13, 25.38). Further, the effect size (g = 0.06) suggested no difference between conditions with both groups improving similarly over the course of the intervention (the intervention group improved by 32.50 points, and the control group improved by 33.88 points) (see Figure 9).










Figure 9.
The average SSEQ scores at Timepoint 1 (baseline) and Timepoint 2 (post) for the intervention and control conditions
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As indicated in Figure 9, the average SSEQ score increased from T0 to T1 for both the intervention participants (T0: 57.33, T1: 89.83) and control participants (T0: 39.25, T1: 73.13). The mean difference in SSEQ change scores from T1 to T2 between the groups was -10.23 points (95% CI -39.96, 19.49; g = 0.47), identifying a greater mean change for the control group (mean change score: 5.83), in comparison to the intervention group (mean change score: -4.40) from T1 to T2 (Table 2). 



[bookmark: _Toc94248959][bookmark: _Toc94249156][bookmark: _Toc94250329][bookmark: _Toc95060982][bookmark: _Toc95061200][bookmark: _Toc95282594][bookmark: _Toc95283101][bookmark: _Toc95284822][bookmark: _Toc95380156][bookmark: _Toc95380503][bookmark: _Toc95380851][bookmark: _Toc95658876][bookmark: _Toc95659230][bookmark: _Toc97540265][bookmark: _Toc97541322]Wellbeing Hypotheses 
In Chapter 3, the overall wellbeing hypothesis was stated as: “the addition of FES+iPad-based music therapy to usual treatment will (1) lead to greater reported self-efficacy, and (2) lead to an improvement in wellbeing outcomes (self-reported levels of depression, anxiety and stress)”. Following on from this, four directional hypotheses were created. 
[bookmark: _Toc94248960][bookmark: _Toc94249157][bookmark: _Toc94250330][bookmark: _Toc95061201][bookmark: _Toc95283102][bookmark: _Toc95284823][bookmark: _Toc95380157][bookmark: _Toc95380504][bookmark: _Toc95380852][bookmark: _Toc95658877][bookmark: _Toc95659231][bookmark: _Toc97540266][bookmark: _Toc97541323]Directional Hypothesis 3 (DH3): Depression. The depression change scores revealed a small effect size (g = 0.27) with participants in the control group showing more improvement (4.25 point decrease) than those in the intervention group (2 point decrease), thus contradicting DH3. 
[bookmark: _Toc94248961][bookmark: _Toc94249158][bookmark: _Toc94250331][bookmark: _Toc95061202][bookmark: _Toc95283103][bookmark: _Toc95284824][bookmark: _Toc95380158][bookmark: _Toc95380505][bookmark: _Toc95380853][bookmark: _Toc95658878][bookmark: _Toc95659232][bookmark: _Toc97540267][bookmark: _Toc97541324]Directional Hypothesis 4 (DH4): Anxiety. The anxiety score revealed a small effect size (g = 0.37) with participants in the intervention group showing slightly more improvement (3.33 point decrease) than those in the control group (1.50 point decrease), thus supporting DH4. 
[bookmark: _Toc94248962][bookmark: _Toc94249159][bookmark: _Toc94250332][bookmark: _Toc95061203][bookmark: _Toc95283104][bookmark: _Toc95284825][bookmark: _Toc95380159][bookmark: _Toc95380506][bookmark: _Toc95380854][bookmark: _Toc95658879][bookmark: _Toc95659233][bookmark: _Toc97540268][bookmark: _Toc97541325][bookmark: _Toc94248963][bookmark: _Toc94249160][bookmark: _Toc94250333][bookmark: _Toc95061204]Directional Hypothesis 5 (DH5): Stress. The effect size calculation for the stress change scores (g = 0.02) indicated no difference between conditions with both groups improving similarly over the course of the intervention period. There was thus insufficient data to support DH5.
[bookmark: _Toc95283105][bookmark: _Toc95284826][bookmark: _Toc95380160][bookmark: _Toc95380507][bookmark: _Toc95380855][bookmark: _Toc95658880][bookmark: _Toc95659234][bookmark: _Toc97540269][bookmark: _Toc97541326]Directional Hypothesis 6 (DH6): Self-efficacy. The effect size for Self-Efficacy Scale scores (g = 0.06) indicated no difference between conditions with both groups improving similarly over the course of the intervention. There was thus insufficient data to support DH6.




Table 5.
Directional hypotheses for wellbeing outcomes
	Directional Hypothesis number (“DH#”)
	Directional Hypothesis

	Area of focus
	Related measure/s
	Effect size
	Does the effect size support the DH?

	DH3
	Stroke survivors have lower self-reported levels of depression when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Depression

	DASS-21 (Depression score)

	0.27
	The data contradicted DH3

	DH4
	Stroke survivors have lower self-reported levels of anxiety when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Anxiety

	DASS-21 (Anxiety score)

	0.37
	There was data to support DH4

	DH5
	Stroke survivors have lower self-reported levels of stress when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Stress
	DASS-21 (Stress score)

	0.02
	There was insufficient data to support DH5

	DH6
	Stroke survivors have better self-reported self-efficacy when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	Self-efficacy
	Stroke Self-efficacy Questionnaire

	0.06
	There was insufficient data to support DH5
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	This chapter presented the results of the quantitative outcome assessments of this study. Some clinically relevant findings were identified, indicating potential benefits of the intervention, specifically in relation to upper limb activity (DH1), upper limb strength (DH2), and anxiety (DH4). The next chapter will explore the qualitative findings through the process of reflexive thematic analysis (Braun & Clarke, 2019), in preparation for the mixed methods analysis.
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In this chapter, I will present the qualitative component of this pilot mixed methods randomised controlled trial. After detailing my process of analysis, I will present the qualitative results for both intervention and control groups under each key domain, as they relate to the directional hypotheses (see Chapters 3 and 7). 
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On completion of the intervention period, participants were invited to reflect upon their engagement with the therapy that they received through a semi-structured interview (facilitated by myself as the clinician-researcher). As the overall aim of the qualitative data was to understand the participants’ experience of their received treatment, I began the interview with a broad overarching question: “How did your engagement in treatment (control or intervention) support your overall recovery?”. As a semi-structured interview, I then used the following questions to prompt further dialogue:
1. What aspects of your recovery do you think were addressed by the intervention you received?
2. Can you describe a moment that stands out for you over the course of your hand/arm rehabilitation?
3. Was there anything else that you would have liked from the intervention you received?
To ensure for consistency across participant interviews, I used a script to guide each interview. The script contained an orientation overview, the core interview questions and prompting questions for each group (control and intervention) (see Appendix A). The interviews were recorded using the iOS application “Voice Record Pro” and saved into a password protected University of Melbourne iPad. With a total of ten interviews (control: n= 4, intervention: n=6), the analyses of data were managed using Microsoft Office: the transcriptions were analysed using Microsoft word and Microsoft Excel.
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This study was based upon the mixed-methods experimental design with an explanatory sequential core (Creswell & Plano Clark, 2017). In adhering to this design, the quantitative data set was the primary component of the study whilst the qualitative data set sought to expand upon the quantitative findings. In this way, the quantitative results sought to examine the effect of the FES+iPad-based music therapy intervention, and the qualitative findings sought to learn about how the participants’ experience of the treatment they received supported their recovery. In adhering to the explanatory sequential core within the mixed-methods experimental design, the qualitative findings were embedded with the quantitative results (Creswell & Plano Clark, 2017). Therefore, the research questions with which to guide the qualitative analysis were created based upon the quantitative results from the intervention period (baseline to post assessment).
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The qualitative data set comprised solely of the recorded participant interviews. In preparation for analysis, I first determined the research questions with which to guide the analysis and also clarified the order for which I would analyse the control and intervention data. Recognising that these data were to be embedded with the quantitative results, I also reviewed the five key domains as per the quantitative directional hypotheses.  
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Though the quantitative data indicated numerical change across upper limb function and wellbeing, these data were limited in uncovering the potential processes that may have led to these outcomes. As the first of this type of study, I valued the importance of participant voice and thus wanted to learn more about the subjective experience of the participants. The subjective information learned from the qualitative data would deepen the understanding of the experience and acceptability of the FES+iPad-based music therapy intervention. By expanding upon the quantitative results, the subjective experience would give a more holistic understanding of FES+iPad-based music therapy for this subset of stroke survivors (Morse, 1991). In preparation for the embedding process, I created qualitative research questions that were based upon the quantitative results from the intervention period (baseline to post assessment), to guide the qualitative analysis:
1. What did stroke survivors consider to be important across their experience of upper limb therapy? 
2. How did the treatment that each participant receive influence their perception of progress?
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Returning to the importance of comparison under the Upamāṇa pranama (epistemology) (Jha, 1986), I felt it necessary to analyse the data of each group separately. In recognising that the data of each participant was to be individually analysed by myself, I needed to determine the order of analysis. I first reflected upon the already existing therapeutic relationship that I had with the intervention participants as the clinician delivering the intervention. Realising that I had no pre-existing therapeutic relationship with the control participants, I decided to analyse their data first. Starting with the control participants would allow me to separate myself from the experience as a clinician and thus ensure that the qualitative analyses could be data-driven (Braun & Clarke, 2006).
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In preparation for analysis, I reviewed the five key domains of the study (functional activity, depression, anxiety, stress and self-efficacy). Previously identified through the directional hypotheses of the quantitative component, I decided to use the key domains as the structure for the subsequent qualitative analysis. This structure would allow me to embed the qualitative data well with the quantitative results during the integration phase of analysis. I also created a sixth category, “other”, for the purpose of capturing data that related to the qualitative research questions but did not have relevance to the five key domains. In preparation for analysis, my plan was to first deductively organise the interview data of each participant across each domain. To ensure for consistency across participants, I created definitions for each domain prior to analysis. Table 1 presents the definitions of each key domain.









	Domain

	Directional Hypotheses (DH) of relevance

	Definition to guide the qualitative analysis

	Functional Activity (upper limb)

	DH1:  Stroke survivors will have better upper limb functional activity after they receive a 4-week FES+iPad-based music therapy program as an addition to usual treatment than when they receive usual treatment only

DH2: Stroke survivors have better upper limb strength when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	The participants' recounted explanation of their engagement in upper limb therapy and/or their description of their upper limb functional ability over the course of the intervention period

	Depression

	DH3:  Stroke survivors have lower self-reported levels of depression when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	The participants' recounted description of the emotions that they had experienced over the course of the intervention period, leading to explanations that relate to, but are not restricted to, sadness, unhappiness and misery

	Anxiety

	DH4: Stroke survivors have lower self-reported levels of anxiety when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	The participants' recounted description of the emotions they had experienced over the course of the intervention period, leading to explanations that relate to, but are not restricted to, worry, unease and apprehension

	Stress
	DH5:  Stroke survivors have lower self-reported levels of stress when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	The participants' recounted description of the emotions they had experienced over the course of the intervention period, leading to explanations that relate to, but are not restricted to, feelings of frustration, agitation and pressure

	Self-efficacy

	DH6:  Stroke survivors have better self-reported self-efficacy when they receive a 4-week FES+iPad-based music therapy as an addition to usual treatment than when they receive usual treatment only

	The participants' recounted confidence in their capability, which may relate to their described level of confidence, independence and/or perseverance

	Other
	n/a
	The participants' recounted description of their experiences that were related to the qualitative research questions, but do not relate to functional activity (upper limb), depression, anxiety, stress or self-efficacy


Table 1.  
Key domain definitions with related hypothesis/es
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Whilst engaged in the qualitative analysis, it was necessary for me to consider a flexible and iterative approach that would not only arrive at themes for each group of participants, but also give more clarity to the way in which the data would be integrated as part of the mixed methods analysis. After considering various approaches to qualitative analysis of interview data, I chose to draw upon thematic analysis as it can work as a translator between quantitative and qualitative analyses (Boyatzis, 1998). Guided by the qualitative research questions, I first deductively organised relevant excerpts of the participants’ interview under each key domain in an excel spreadsheet. I then inductively coded the data using Thematic Analysis (Braun & Clarke, 2006; Braun & Clarke, 2019). 
Iterations of Braun and Clarkes’ initially documented approach to thematic analysis (2006) emphasise the need to articulate the researchers’ approach in relation to their philosophical positioning (Braun & Clarke, 2019). In acknowledging that it is necessary to ensure for consistency and cohesion in the thematic analysis process by explicitly identifying the epistemological positioning of the researcher (Holloway & Todres, 2003), I reflected upon the four critical elements of epistemological pluralism (Miller et al., 2008) and the Advaita Vendānta teachings of Hindu philosophy (Chapter 3). The valuing of multiple ways of knowing (Miller et al., 2008) was a key influence in my process of thematic analysis. In this way, I valued the quantitative analysis of data as well as the perspective of each stroke survivor as an individual participant. Further, in valuing Advaita Vendānta’s pranama (epistemology) of Pratyaksa (perception), I acknowledge that there were two parts of perception in this study: perception of the interaction with the world (the quantitative examination of impact of FES+iPad-based music therapy), and the perception of the inner self (the subjectively described experience of engaging with the received treatment) (Matilal, 1992). 
Having already analysed the quantitative data and created research questions with which to guide the qualitative analysis, I acknowledge the presence of my prior understanding of the research and thus analytic preconceptions (Nowell, Norris & White & Moules, 2017). Though this process was a necessary step of integration, it was important for me to consider how my subjectivity could be managed whilst in the qualitative analysis phase. To manage this subjectivity, I prioritised reflexivity whilst engaging in the coding process for each individual data set (Braun & Clarke, 2019). Considering the philosophical teachings guiding me in this research, I engaged in an iterative process whereby I would review my previous steps of analysis if required. In valuing the Advaita Vendānta pranama (epistemology) of Śabda (testimony), I constantly reflected upon how my process of analysis would ensure that the testimony of the stroke survivors was being highlighted (Bhawuk, 2011). This value of testimony informed my decision to generate themes that predominantly used the language of the raw data itself (Boyatzis, 1998). In this way, I sought to capture themes on a semantic level whereby the surface meaning of the data were first considered (Braun & Clarke, 2006). The finalised themes were therefore data-driven and thus followed an inductive approach (Braun & Clarke, 2006). I also felt it important to offer context for the excerpts that did not explicitly state this context. For example: if a participant discussed their experience with the treatment they received in an earlier excerpt yet referred to this as “it” in another excerpt, I gave the context by indicating what “it” referred to (in this example, “it” referred to the received treatment). 
My approach to Thematic Analysis was informed by Braun and Clarkes initially documented six step guide to thematic analysis (Braun & Clarke, 2006), as well as their more recent paper on Reflexive Thematic Analysis (Braun and Clarke, 2019). 
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As previously identified in this chapter, a few steps were taken before commencing the actual thematic analysis of the interview data: (1) analysis of quantitative data, (2) development of guiding research questions with which to approach qualitative analysis, and (3) deciding the order of analysis. Drawing upon Braun and Clarke’s (2006) six step guide to thematic analysis, my approach was reflexive and iterative (Braun & Clarke, 2006; Braun & Clarke, 2019; Braun & Clarke, 2020). 
To ensure for accuracy over the course of the qualitative analysis, each step of analysis was overseen by a co-supervisor. After completing each step of the analysis, I would then send the relevant document to my co-supervisor and request feedback based upon that step of analysis. My co-supervisor would then send back this document with an included “supervisor feedback” column whereby they would offer either advice or a question about my process. In the earlier stages of the qualitative analysis, this feedback was often accompanied by a Zoom supervision session for the purpose of strengthening my confidence of the qualitative analysis process. It is important to note that these data were not double-coded: the coding was completed by myself only. Steps one to three below refer to the individual participant analysis, while steps four to six refer to the analysis of participant data as a group within their condition (intervention or control).
[bookmark: _Toc94248977][bookmark: _Toc94249174][bookmark: _Toc94250347][bookmark: _Toc95061218][bookmark: _Toc95283119][bookmark: _Toc95284840][bookmark: _Toc95380174][bookmark: _Toc95380521][bookmark: _Toc95380869][bookmark: _Toc95658894][bookmark: _Toc95659248][bookmark: _Toc97540287][bookmark: _Toc97541344]	Step 1: Familiarisation with the data. The first step of familiarisation was to transcribe the participant interview (See Appendix B). Rather than using transcription software, due to the articulation challenges faced by some of the participants I manually transcribed all interviews. After transcribing the interview, I listened back to the audio recording of the interview in full (whilst following the transcript). It was important for me to do this in order to immerse myself (Braun & Clarke, 2020) in the content of the interview to ensure that the eventual themes would emerge from the interview data itself (Braun & Clarke, 2006). 
[bookmark: _Toc94248978][bookmark: _Toc94249175][bookmark: _Toc94250348][bookmark: _Toc95061219][bookmark: _Toc95283120][bookmark: _Toc95284841][bookmark: _Toc95380175][bookmark: _Toc95380522][bookmark: _Toc95380870][bookmark: _Toc95658895][bookmark: _Toc95659249][bookmark: _Toc97540288][bookmark: _Toc97541345]Step 2: Identifying key statements according to the domains. I then highlighted relevant excerpts (key statements) of the transcript in specific colours that corresponded with the five pre-determined study domains (functional activity = grey, depression = green, anxiety = blue, stress = pink, self-efficacy = yellow, other = red). It was possible for the same excerpt to pertain to multiple domains. The purpose of this colour coding system was to highlight the relevant excerpts of the transcript in relation to the domain whilst also exemplifying the process for my co-supervisor. I then entered these excerpts into a Microsoft Excel spreadsheet under the relevant domain(s), including the corresponding page number from the transcript. The purpose of this deductive process was to ensure that the eventual qualitative findings would be well embedded with the quantitative results under the explanatory sequential core design (of the mixed-methods experimental design) (Creswell & Plano Clark, 2017). See Appendix C for an example of this process.
[bookmark: _Toc94248979][bookmark: _Toc94249176][bookmark: _Toc94250349][bookmark: _Toc95061220][bookmark: _Toc95283121][bookmark: _Toc95284842][bookmark: _Toc95380176][bookmark: _Toc95380523][bookmark: _Toc95380871][bookmark: _Toc95658896][bookmark: _Toc95659250][bookmark: _Toc97540289][bookmark: _Toc97541346]Step 3: In-vivo coding. Within each domain, I then reviewed the key statements and created an in-vivo code for each excerpt of data. I recorded the codes in the Microsoft excel spreadsheet under a column entitled “in-vivo codes”. I created one code for each excerpt. After I created these initial codes, I took a break from the data and reviewed it the next day to allow for time to reflect and engage again with ‘fresh eyes’. I then recorded any changes from the initial codes on the excel spreadsheet, along with written justification for this change. After this process, the in-vivo codes were then reviewed by my co-supervisor. Using the “supervisor feedback” column in the excel spreadsheet, my supervisor would offer their feedback on my written code and sometimes included an example of how to phrase this in an alternative way. This feedback resulted in me updating relevant codes and sometimes even rethinking their suitability under the indicated domain. I then created another column, entitled “finalised codes”, to identify the updated codes. I also did a strikethrough of the codes that did not have relevance to their previously indicated domain and made a note of this under the “supervisor feedback” column. Once re-organised to a different domain, I again made a note as to which key domain that code (and excerpt) was originally organised under (under “supervisor feedback”) (See Appendix D for an example of this process).
[bookmark: _Toc94248980][bookmark: _Toc94249177][bookmark: _Toc94250350][bookmark: _Toc95061221][bookmark: _Toc95283122][bookmark: _Toc95284843][bookmark: _Toc95380177][bookmark: _Toc95380524][bookmark: _Toc95380872][bookmark: _Toc95658897][bookmark: _Toc95659251][bookmark: _Toc97540290][bookmark: _Toc97541347]Step 4: Identifying initial themes within each domain. Once the in-vivo coding was complete for each individual interview, the next step was to combine the data and group these codes into themes under each domain. In this step, I separately analysed the data for each of the allocation groups (control or intervention). To enable the easeful grouping and shuffling of codes into themes for each group, I used paper print outs for all of the colour-coded in-vivo codes. I focused on one domain at a time to allow myself to be emersed in the data and begin the process of creating initial groupings of codes based upon their relevance to one another. Using “theme piles” (Braun & Clarke, 2006), I identified a key word that seemed to summarise the codes that had relevance to one another. I then created themes based upon this key word as well as a combination of related in-vivo codes. Therefore, following an inductive approach, the generation of themes were data-driven, and thus implemented at a semantic level (Braun & Clarke, 2006).
Within each domain, some in-vivo codes combined under an overarching theme (Braun & Clarke, 2006), and it was also appropriate for stand-alone in-vivo codes to become their own theme (consisting of one piece of data). Through the iterative process of reflecting upon the qualitative research questions and considering the testimony of the participants, I also removed codes that no longer seemed relevant. A theme was defined as “an abstract entity that brings meaning and identity to a recurrent experience and it’s variant manifestations” (DeSantis & Ugarriza, 2000, p. 362). In this way, each theme was to unify the relevant in-vivo codes (DeSantis et al., 2000). I then entered the finalised themes into a Microsoft Word document. For each domain, I presented the theme along with their relevant in-vivo codes for each theme (see Appendix E for an example of this). 
[bookmark: _Toc94248981][bookmark: _Toc94249178][bookmark: _Toc94250351][bookmark: _Toc95061222][bookmark: _Toc95283123][bookmark: _Toc95284844][bookmark: _Toc95380178][bookmark: _Toc95380525][bookmark: _Toc95380873][bookmark: _Toc95658898][bookmark: _Toc95659252][bookmark: _Toc97540291][bookmark: _Toc97541348]Step 5: Reviewing the themes. In starting this process of review, I went back to the qualitative research questions to more deeply consider their relevance. If I felt as though a theme did not strongly relate to the research questions and/or their relevant domain, I reviewed the in-vivo codes for which the theme was based upon. When realising that some in-vivo codes did not have relevance, I then removed them and looked at the theme pile for the remaining codes. From this, I created a new theme based upon the updated theme pile. After engaging with this process, I looked at the themes for each domain to see if there were similarities. I was then able to merge some of the themes together based on their similarity. 
In coming back to the influence of the Upamana pranama (comparison), I also made the decision to only include the themes that would be relevant for comparison between the treatment allocation conditions. The rationale for this decision again came back to the overall question of this research project – to examine the impact of FES+iPad-based music therapy on upper limb function and wellbeing outcomes. In this way, the themes from the intervention group that were not related to the FES+iPad-based music therapy intervention were removed (thus relating back to the overall question of the research). 
Using the “track changes” option in Microsoft word, I updated the document with the themes. My co-supervisor then reviewed these themes by offering feedback using “track changes” and included comments for me to consider (see Appendix F for an example). I then updated this document after considering the feedback offered by my co-supervisor.
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	A total of ten participants were interviewed: four from the control group and six from the intervention group. Four participants from the control group were not interviewed as the inclusion of control participant interview data was decided upon after the commencement of the study. The interviews of the included control participants were conducted after an ethics amendment was approved by the South Eastern Sydney Local Health Districts Human Research Ethics Committee and lodged with the University of Melbourne’s Ethics Committee. 
In this next section, I will detail the qualitative findings from the thematic analysis in relation to each domain. I will also present the finalised themes with exemplar quotes each condition (control and intervention) and identify the points of distinction between the conditions. 
[bookmark: _Toc94248983][bookmark: _Toc94249180][bookmark: _Toc94250353][bookmark: _Toc95060997][bookmark: _Toc95061224][bookmark: _Toc95282609][bookmark: _Toc95283125][bookmark: _Toc95284846][bookmark: _Toc95380180][bookmark: _Toc95380527][bookmark: _Toc95380875][bookmark: _Toc95658900][bookmark: _Toc95659254][bookmark: _Toc97540293][bookmark: _Toc97541350]Functional Activity (Upper Limb)
	The functional activity domain related to the participants description of their engagement in upper limb therapy as well as their described upper limb function during the intervention period. 
[bookmark: _Toc94248984][bookmark: _Toc94249181][bookmark: _Toc94250354][bookmark: _Toc95061225][bookmark: _Toc95283126][bookmark: _Toc95284847][bookmark: _Toc95380181][bookmark: _Toc95380528][bookmark: _Toc95380876][bookmark: _Toc95658901][bookmark: _Toc95659255][bookmark: _Toc97540294][bookmark: _Toc97541351]Control group. As indicated in Table 2, control participants shared that their upper limb improved with therapy. Further, the participants reflected feeling motivated if they had an observable improvement in their hand strength. The connection of the brain to the movement was also noted as important to participants. One participant in this group did not enjoy computer game interventions and many reflected having partial hand control on completion of the intervention period.


Table 2. 
Functional Activity: Themes, in-vivo codes and exemplar quotes from the control group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Engaging in therapy improved upper limb strength
	My clench is strong (10)
I have a strong grasp (10)
My therapy has focused on strengthening the muscles in my arm (12)
	My fingers and my grasp is strong by my release needs a bit more work (Participant 10)

	Eventuating hand control is only partial
	I have control of my arm but it’s not strong (10)
I can curl my fingers in but have trouble opening them out (11)
My lack of muscle control makes some movements harder (12)
My arm is not strong (10)
	My arm can lift up to 20 to 30 times.. and control it coming down but it’s not very strong (Participant 10)

	The upper limb improves with therapy 
	My fingers have just started moving (12)
My arm is getting better (11)
My muscle function is improving (11)
The movement is slowly slowly improving (11)
Every day my strength improves (10)
To my surprise, the therapy has helped my hand movement (10)
The e-stim helps to open my hand (11)
My hand and finger movement have been looked after really well (10)
The therapy that I received for my arm was very good and helpful (12)
	Yeah, my arm’s getting better too… my shoulder is actually quite good. It’s really getting quite strong. My biceps and my triceps, I can turn on… I’ve just found out that I can make a slight movement with my wrist (Participant 11)

	Computer game interventions are not enjoyable 
	Rehabilitation computer games might be great for kids, but I don’t love them (11)
I don’t particularly like the rehabilitation computer exercise games (11)
I find the rehabilitation computer games a bit boring (11)
	I just think that they’re [computer games] not suitable for me. I don’t’ like it, I don’t like it… I don’t particularly like it (Participant 11)

	It is important to connect the brain to the movement
	I’ve got to train the head and body to work together (10)
I need to build up the neuronal connections to strengthen my weak muscles (11)
	My muscle function’s improving… the muscles in my arm and leg that are paralysed at the moment… I’ve got hemiplegia… on my left side, my arm and leg don’t work because the neurons aren’t connecting to the muscles. And the muscles are very weak ones that are working… and they have to be built up to get stronger. And the neuronal connections have to be built up as well… so that’s what we’re working on in the gym. (Participant 11)

	Observable improvement is motivating	

	Using the e-stim showed me that I could do something functional (11)
Little achievements motivate me (10)
Breaking down the movement leads to success (10)
	It was an OT session… the first time I was able to lift my left arm up… and I (starts to cry)… I thought: “ok I’m getting somewhere”… Little achievements from that session.


[bookmark: _Toc94248985][bookmark: _Toc94249182][bookmark: _Toc94250355][bookmark: _Toc95061226][bookmark: _Toc95283127][bookmark: _Toc95284848][bookmark: _Toc95380182][bookmark: _Toc95380529][bookmark: _Toc95380877]
[bookmark: _Toc95658902][bookmark: _Toc95659256][bookmark: _Toc97540295][bookmark: _Toc97541352]Intervention group. As indicated in Table 3, intervention participants shared that the music intervention led to functional improvement of the hand. These participants shared that they felt it challenging to engage in therapy without music as following the beat was an important part of this process. Intervention participants also reflected feeling that music therapy helped to strengthen the connection from the brain to the hand. Further, as an incentive for continued engagement in therapy, participants reflected that music therapy acted as a self-assessment of function. 
[bookmark: _Toc94248986][bookmark: _Toc94249183][bookmark: _Toc94250356][bookmark: _Toc95061227][bookmark: _Toc95283128][bookmark: _Toc95284849][bookmark: _Toc95380183][bookmark: _Toc95380530][bookmark: _Toc95380878][bookmark: _Toc95658903][bookmark: _Toc95659257][bookmark: _Toc97540296][bookmark: _Toc97541353]Points of distinction between groups. As indicated in Table 4, the intervention group reflected upon improvement in functional outcomes (in relation to the wrist and fingers), in contrast to the reflections of the control group who felt that their resulting hand function is only partial. The intervention group emphasised how various musical elements of their treatment were important to their engagement and progress, whilst one participant from the control group said that one particular intervention (computer games) was not enjoyable. The intervention group described music-making as a self-assessment of function. There were no comparable comments around self-assessment of function from control group participants.



Table 3. 
Functional Activity: Themes, in-vivo codes and exemplar quotes from the intervention group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Improvement of the hand was evident on the iPad-based instrument

	I could see and hear the palm of my hand making movement on the iPad (14)
The pulse at the base of my hand would generate sound on the iPad (14)
I can’t move my fingers at home but I can in music therapy (8)
It’s easier to use the instrument, but there isn’t a great change in general (4)
	On there, I could see the movement… I could see the movement on the vein… palm of the hand making noise… movement…. [I could see the] movement (Participant 14)

	Music-making was a self-assessment of function
	Engaging in improvisation helped me get a sense of how much control or movement I had that day (9)
Each of the music-making streams taught me something different about what my fingers could do (9)
It was initially difficult to play the iPad-based instrument, but over time it became a game to see how much more I could do (4)
The music intervention revealed my lack of finger dexterity (3)
	Improv was good just to I guess get your understanding for the day; how much control you have and movement you have, whether you’ve been tired from your previous training or not (Participant 9)



	Exercises were more challenging without the musical component
	Without the musical component, I would find it hard to hold the exercises for a longer time (7)
I would give up quite quickly if I didn’t have a target to work towards, such as through the game or in music (7)
Without the music, I’d feel more tired and want to finish the exercises quickly (7)
I don’t think I would’ve pushed myself as much without the musical target (9)
	I was very tired when music come on and then you do a little more, more relaxed a bit.. but without the music when I working in other ways of doing it, it seem to be tired; you wanted to finish it quick (Participant 7)



	The music intervention led to functional improvement of the hand
	Music Therapy gave me a lot more finger and wrist movement and function, which transferred to my OT sessions (9)
There has certainly been substantial improvements in my hand everyday (9)
All of my fingers and the entire wrist got better and became more functional (9)
Music Therapy has given me more functional control of my hand (9)
After a couple music therapy sessions, I started to have more movement and control of my hand (9)
The control of my hand was certainly a result of the music therapy course (9)
Over time, I had more wrist control, which made free improvisation on the iPad more exciting (9)
Everyday, I can see that I am progressing (8)
I now have some movement in my fingers (8)
I now have some minor movement in my hand (8)
My fingers have developed more movement, and I am now able to make a fist (8)
My pinky finger started moving more automatically (14)
Music therapy helped me to achieve extra progress when using my fingers to play the keyboard (14)
I showed immediate improvement when the electrical stimulation was combined with the music (14)
My wrist and fingers have improved, however I am still unable to lift anything heavy (3)
With practice, my dexterity improved (3) 
I had more control of the hand as the sessions went on (3) 
The music sessions helped me to command my hand function (7)
My fingers weren’t moving, and now they are all moving (7)
I can now move individual fingers (4)

	I think it’s [music therapy] helped me with generally with a lot more control of my hand and being able to use my hand and being able to use my hand a lot more than what I could before. It was sort of like a limb that was attached to me that I didn’t really use and now I can functionally get dressed a lot easier, I can do my zipper up on my jumper, I’ve been able to put my shoes and socks on on my own, shower on my own… so functionality has been awesome (Participant 9)

	Music helped to strengthen the connections from the brain to the hand
	It felt like my brainwaves were being sent to the fingers (14)
Music therapy helped to connect my brainwaves to the movement of my hand (14)
I felt like my brain was sending information to the bottom of my hand during music (14)
The movement of my hand onto the iPad was somehow being transferred from my brain (8)
The music helped my hands function better as it soothed and relaxed my brain (7)

	It was all coming from my brain, not from my…I was thinking it… and it was being transferred to my fingers and being played on the iPad. I was thinking of… aware of the beat, aware of the notes, and I think that somehow that thought was transferred through…my fingers…I don’t know how. I was aware of the beat… and the yes and the notes, watching you (Music Therapist) and feeling it… feeling that same rhythm some how.. somehow that transferred to the iPad… somehow… from my hand to the iPad. (Participant 8)

	Following the beat was important for progress
	I can engage with the exercise for longer because I want to follow the beat of the music (7)
Following the beat helped me to hold my finger up for longer (7)
The iPad instrument and the metronome made me complete the exercises (7)
I was able to aim for my fingers to do more when the beat of the music changed (7)
In following the beat, I had to work hard to control the movement of the finger (7)
My mind helped to control my finger exercises to be in time with the beat of the metronome (7)
The verbal cues and metronome helped me to work towards achieving a target (9)
The musical targets were important as it gave me something to aim towards (9)
The verbal cues and metronome were good to follow (9)
Music didn’t feel repetitive because the beat kept me going (14)
I would raise and lower my fingers onto the iPad notes (8)
Listening to the metronome and repeating exercises has led to an improvement in my hand control (3)

	The verbal cues and the metronome were essentially your invisible targets when you were playing anything so it’s good to have those; it creates that point of achievement I guess (Participant 9)

	The music intervention was beneficial for the wrist and fingers
	I felt that music therapy concentrated the training of movement to my wrist and fingers (9)
It was beneficial to focus on the finger and the wrist rather than the whole arm (9)
	…physically, I felt that it [music therapy] concentrated a lot of the um training of movements to the wrist and fingers which was something I was lacking quite a bit of movement in. So yeah, it seemed to have helped in my OT sessions as well (Participant 9)


	Music was the incentive to try harder
	I give up when an instruction is given without music (7)
I don’t think I would push as hard without the musical component (7)
Without the music, I feel pain in my fingers and so I don’t want to carry on sometimes (7)
Without music, I would give up (14)
Music gave me more incentive to try harder (14)


	You can play the note and want to touch it to do it.. it’s its “down down”, you force yourself to do it, but without it you just say “ah I can’t do it, I can’t do it”… but this one you can say when you touch it then the sound comes up, you want to reach it, you know?...Without it [music] maybe you not pushing so hard… with the music there: “Oh I want to reach it to make it sound”, you know what I mean? (Participant 7)






Table 4. 
Comparison of themes for the functional activity (upper limb) domain 

	Control Group 
(n = 4)
	
	Intervention Group 
(n = 6)


	
	Themes (no. of participants)
	
	
	Themes (no. of participants)

	Eventuating hand control is only partial (3)
The upper limb improves with therapy (3)
It is important to connect the brain to the movement (2)
Observable improvement is motivating (2)
Engaging in therapy improved upper limb strength (2)
Computer game interventions are not enjoyable (1)

	
	The music intervention led to functional improvement of the hand (6)
Following the beat was important for progress (5)
Improvement of the hand was evident on the iPad instrument (3)
Music-making was a self-assessment of function (3)
Music helped to strengthen the connections from the brain to the hand (3)
Music was the incentive to try harder (2)
Exercises were more challenging without the musical component (2)
The music intervention was beneficial for the wrist and fingers (1)



[bookmark: _Toc94248987][bookmark: _Toc94249184][bookmark: _Toc94250357][bookmark: _Toc95060998][bookmark: _Toc95061228][bookmark: _Toc95282610][bookmark: _Toc95283129][bookmark: _Toc95284850][bookmark: _Toc95380184][bookmark: _Toc95380531][bookmark: _Toc95380879]
[bookmark: _Toc95658904][bookmark: _Toc95659258][bookmark: _Toc97540297][bookmark: _Toc97541354]Depression
	The depression domain related to the participants’ description of emotions that were reflective of sadness, unhappiness and misery during the intervention period. There were no depression themes identified for the intervention group. 
[bookmark: _Toc94248988][bookmark: _Toc94249185][bookmark: _Toc94250358][bookmark: _Toc95061229][bookmark: _Toc95283130][bookmark: _Toc95284851][bookmark: _Toc95380185][bookmark: _Toc95380532][bookmark: _Toc95380880][bookmark: _Toc95658905][bookmark: _Toc95659259][bookmark: _Toc97540298][bookmark: _Toc97541355]Control group. As indicated in Table 5, control participants reflected upon the mentally draining experience of negative thoughts. Participants also discussed this in relation to feelings of self-pity and the devastation of losing independence, with one participant detailing their suicidal thoughts.  
[bookmark: _Toc94248989][bookmark: _Toc94249186][bookmark: _Toc94250359][bookmark: _Toc95061230][bookmark: _Toc95283131][bookmark: _Toc95284852][bookmark: _Toc95380186][bookmark: _Toc95380533][bookmark: _Toc95380881][bookmark: _Toc95658906][bookmark: _Toc95659260][bookmark: _Toc97540299][bookmark: _Toc97541356]Points of distinction between groups. There were no reported themes about depression for the intervention group, whereas there were five themes under the domain of depression for the control group (Table 6).


Table 5. 
Depression: Themes, in-vivo codes and exemplar quotes from the control group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Suicidal thoughts were present 
	I wanted to commit suicide, but my sister stopped me (11)
There was a time where I feared my life was finished because I didn’t want to live like this (11)
I have had a couple of suicidal thoughts since this admission (11)
It was a horrible experience to think of different ways to commit suicide (11)
	I mean, I have had a couple of suicidal thoughts since I’ve been in here… but I think that was at a stage where I was despairing that I wasn’t ever gonna get any better (Participant 11)

	Negative thoughts are mentally draining
	My negative mental state impacted my ability to participate in therapy (10)
I feel like half a person when I am spoken to without consideration (10)
I cannot handle the negative mental drain of being in hospital anymore (10)
It’s not good to think about my now crap life (11)
I feel concerned by the thoughts that consume me when I am left to wait for hours until help arrives (11)
I felt like I was wasting other peoples’ time (12)

	I went through a period of negativity… I had a virus and that effected everything from my mental state to my physical state to my ability to participate in my rehab program (Participant 10)

	It is devastating to have lost an independent lifestyle
	It is a terrible situation to have lost your independence (11)
It’s devastating to realise that you’re trapped in a body that can’t move properly (11)
It’s a bit of a shock to have a disability after the stroke (12)
	It’s an absolute, it’s devastating when it happens; you know when you realise that you’re trapped in a body that can’t move properly anymore and you can’t even go to the toilet by yourself or wash yourself or get up and get anything for yourself, it’s horrible (Participant 11)

	There is a feeling of self-pity
	I felt emotional, out of control and sorry for myself (12)
I try to push past feeling sorry for myself by thinking about something positive (12)
It feels too emotional to tell people that I’ve had a stroke (13)

	I can’t tell people I’ve had a stroke… it’s too emotional if you know what I mean? I can’t tell em.. I can’t come to guidance with it in the hospital, the stroke… I couldn’t say that (Participant 13)

	Functional limitations lead to feelings of negativity
	I feel envious when I look at those who don’t need help (11)
It would be terrible if I couldn’t use my hands again (11)
	I can’t do it for myself… some people can, and I look at them and I feel so envious; I wish I could do things like that But I can’t, so I have to ask for help which you know, sometimes doesn’t come for a while… (Participant 11)





Table 6. 
Comparison of themes for the depression domain 
	Control Group 
(n = 4)
	
	Intervention Group 
(n = 6)


	
	Themes (no. of participants)
	
	
	Themes (no. of participants)

	Negative thoughts are mentally draining (3)
It is devastating to have lost an independent lifestyle (2)
There is a feeling of self-pity (2)
Functional limitations lead to feelings of negativity (1)
Suicidal thoughts were present (1)

	
	There were no reported themes of depression from the Intervention group participants



[bookmark: _Toc94248990][bookmark: _Toc94249187][bookmark: _Toc94250360][bookmark: _Toc95060999][bookmark: _Toc95061231][bookmark: _Toc95282611][bookmark: _Toc95283132][bookmark: _Toc95284853][bookmark: _Toc95380187][bookmark: _Toc95380534][bookmark: _Toc95380882]
[bookmark: _Toc95658907][bookmark: _Toc95659261][bookmark: _Toc97540300][bookmark: _Toc97541357]Anxiety
	The anxiety domain related to the participants’ description of emotions that were reflective of worry, unease and apprehension during the intervention period. 
[bookmark: _Toc94248991][bookmark: _Toc94249188][bookmark: _Toc94250361][bookmark: _Toc95061232][bookmark: _Toc95283133][bookmark: _Toc95284854][bookmark: _Toc95380188][bookmark: _Toc95380535][bookmark: _Toc95380883][bookmark: _Toc95658908][bookmark: _Toc95659262][bookmark: _Toc97540301][bookmark: _Toc97541358]Control group. As indicated in Table 7, control participants felt that anxiety was evident when they had to wait for help or had had a repeated hospital admission. One participant shared that support from others helped with their management of anxiety and another participant identified the importance of holding on to hope.
[bookmark: _Toc94248992][bookmark: _Toc94249189][bookmark: _Toc94250362][bookmark: _Toc95061233][bookmark: _Toc95283134][bookmark: _Toc95284855][bookmark: _Toc95380189][bookmark: _Toc95380536][bookmark: _Toc95380884][bookmark: _Toc95658909][bookmark: _Toc95659263][bookmark: _Toc97540302][bookmark: _Toc97541359]Intervention group. As indicated in Table 8, one intervention participant shared that playing music helped to reduce their anxiety in hospital. 
[bookmark: _Toc94248993][bookmark: _Toc94249190][bookmark: _Toc94250363][bookmark: _Toc95061234][bookmark: _Toc95283135][bookmark: _Toc95284856][bookmark: _Toc95380190][bookmark: _Toc95380537][bookmark: _Toc95380885][bookmark: _Toc95658910][bookmark: _Toc95659264][bookmark: _Toc97540303][bookmark: _Toc97541360]Points of distinction between groups. As indicated in Table 9, there were four themes under the domain of anxiety for the control group, but only one for the intervention group. Though themes for both groups indicated supportive approaches for anxiety, control group themes referenced support from others to help manage anxiety, whereas one intervention participant felt that playing music helped to reduce anxiety. Control group themes indicated certain triggers to their experience of anxiety. One control participant referenced the need to hold on to hope. 


Table 7. 
Anxiety: Themes, in-vivo codes and exemplar quotes from the control group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Waiting for help leads to anxiety
	I feel anxious when I need to wait for assistance because it makes me realise that I am helpless (11)
When I wake up very early, the long wait before anything happens makes me anxious (11)
When I panicked and needed help, it was not acknowledged by the nurse (10)

	… and how anxious you get in the mornings waiting because you know I wake up very early, and then I’ve got to wait for hours before anything happens… and during that time, it’s easy to start thinking about wrong stuff so, it’s hard to keep your mind occupied when your body’s just got to lie here and do nothing… so, that’s the, that’s my biggest concern really (Participant 11)

	Support from others helps with anxiety management
	Clinical psychology has helped me to manage my anxiety (10)
Feeling normal helped alleviate a lot of my anxiety (10)
I found it most valuable to speak to someone with lived experience of anxiety (10)
Looking after your mental wellbeing and anxiety was also important to other patients (10)
	I personally have anxiety at night… once the nurses start doing their final inspections or whatever at night, I start to get anxiety… The hospital offered me the assistance of clinical psychologist and they’ve helped with strategies (Participant 10)

	It is important to hold on to hope
	Even though I worry that I may not be able to use my hand again, I still hold on to hope (11)
	…it worries me that I won’t be able to use it [arm and hand] again… that really worries me… but I’m hoping that I will be able to… I’m hoping (Participant 11)

	Repeated hospital admissions can trigger pre-existing anxiety
	My pre-existing anxiety returned during this admission (10)
	The anxiety started five years ago when I was in hospital with fluid in the lungs. I was in a coma for seven days, intensive care for 14 and in the hospital for 41. I was in such a dark place that the memories that still remain… I knew when I’m in hospital… it’s come back (Participant 10)





Table 8. 
Anxiety: Themes, in-vivo codes and exemplar quotes from the Intervention Group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Playing music helped to reduce anxiety in hospital

	Playing music helped me to feel less anxious whilst in hospital (9)
	Um, I guess just less anxious for being here because it was something that you were… listening to music or trying to play your own music and ah you’re sort of forgetting about what’s happening in ah the rest of your life at the moment (Participant 9)






Table 9.
Comparison of themes for the anxiety domain 

	Control Group 
(n = 4)
	
	Intervention Group 
(n = 6)


	
	Themes (no. of participants)
	
	
	Themes (no. of participants)

	Waiting for help leads to anxiety (2)
Support from others helps with anxiety management (1)
It is important to hold on to hope (1)
Repeated hospital admissions can trigger pre-existing anxiety (1)
	
	Playing music helped to reduce anxiety in hospital (1)




[bookmark: _Toc94248994][bookmark: _Toc94249191][bookmark: _Toc94250364][bookmark: _Toc95061000][bookmark: _Toc95061235][bookmark: _Toc95282612][bookmark: _Toc95283136][bookmark: _Toc95284857][bookmark: _Toc95380191][bookmark: _Toc95380538][bookmark: _Toc95380886][bookmark: _Toc95658911][bookmark: _Toc95659265][bookmark: _Toc97540304][bookmark: _Toc97541361]Stress
	The stress domain related to the participants description of feelings that were reflective of frustration, agitation or pressure during the intervention period. 
[bookmark: _Toc94248995][bookmark: _Toc94249192][bookmark: _Toc94250365][bookmark: _Toc95061236][bookmark: _Toc95283137][bookmark: _Toc95284858][bookmark: _Toc95380192][bookmark: _Toc95380539][bookmark: _Toc95380887][bookmark: _Toc95658912][bookmark: _Toc95659266][bookmark: _Toc97540305][bookmark: _Toc97541362]Control group. As indicated in Table 10, control participants felt like the inability to complete a movement lead to frustration. Further, these participants highlighted the need to take breaks. When reflecting upon frustration, even though control participants identified the importance of moving past frustration, they also shared that not being able to complete a movement also led to frustration. 
[bookmark: _Toc94248996][bookmark: _Toc94249193][bookmark: _Toc94250366][bookmark: _Toc95061237][bookmark: _Toc95283138][bookmark: _Toc95284859][bookmark: _Toc95380193][bookmark: _Toc95380540][bookmark: _Toc95380888][bookmark: _Toc95658913][bookmark: _Toc95659267][bookmark: _Toc97540306][bookmark: _Toc97541363]Intervention group. As indicated in Table 11, intervention participants felt music therapy sessions both promoted relaxation and had a specific role in providing down time. 
[bookmark: _Toc94248997][bookmark: _Toc94249194][bookmark: _Toc94250367][bookmark: _Toc95061238][bookmark: _Toc95283139][bookmark: _Toc95284860][bookmark: _Toc95380194][bookmark: _Toc95380541][bookmark: _Toc95380889][bookmark: _Toc95658914][bookmark: _Toc95659268][bookmark: _Toc97540307][bookmark: _Toc97541364]Points of distinction between groups. As indicated in Table 12, control group themes emphasised frustration, whereas the intervention group themes focused on the way in which music therapy had offered support under the stress domain. One control participant identified the need to take breaks.









Table 10. 
Stress: Themes, in-vivo codes and exemplar quotes from the control group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Taking a break is a necessity 
	Sometimes I need a break from therapy (10)
I needed an escape from the hospital (10)
	…both the OT and physio realised… I’ve spoken to them that sometimes I need, I just need some time off… and they’ve been happy to give me that (Participant 10)

	It is important to move past frustration
	I tell myself to “just get on with it” when I’m feeling frustrated (12)
I move past my frustration by working harder (12)
	Well, you have to give yourself a good talking to I suppose (laughs)… I just say “just get on with it and stop it” (Participant 12)

	The inability to complete a movement leads to frustration
	It’s frustrating because I just want to do the final action (10)
It’s frustrating trying to open my hand (10)
Hand therapy feels frustrating because I want to be normal again (10)
It can seem simple (10)
I don’t particularly like the rehabilitation computer games; I find them frustrating (11)
I feel frustrated using the rehabilitation computer game exercises because of the game itself and my hand function (11)
I’m happy to do things that I can do, but I get frustrated when I can’t do things properly (11)

	 …when you break it down, there’s so many different parts so that you’ve broken it down into… and the frustrating part is I want to see the final action, whereas we need to do all the little bits to bring your wrist back, to go around, to clench, to move your thumb around, to lift, to bring, and for me that’s frustrating because I just want to do that… the final action (Participant 10)













Table 11. 
Stress: Themes, in-vivo codes and exemplar quotes from the intervention group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	The music therapy space provided the stroke survivors with down time

	Not only did music therapy benefit my hand movements, but it also gave me some time out (8)
Music Therapy has helped me to deal with my mental fatigue (8)
Sometimes the physical therapies are too much and I want to escape (7)

	So I’m not only getting yeah benefit [of music therapy] from movement in my hand but also benefit in relaxing me and giving me some time out… it’s [music therapy] like a meditation session (Participant 8)

	Music therapy sessions promoted relaxation
	Music Therapy provided a good space for me to relax and do something I enjoy (8)
I think music therapy definitely helped me with relaxation (8)
Even though I would feel tired, the only time I felt relaxed enough to sleep was during music therapy (8)
Engaging in music therapy relaxes my mind (8)
Music Therapy is more relaxing and personable as it’s on my turf (8)
Even though engaging in music therapy is mentally active, it relaxes me at the same time (8)
I chose the soft instruments to help me calm and feel relaxed (8)
Music Therapy helped to relax my mind as I was able to focus on something different (8)
It was good to do something different to the gym; something that was quite soothing and relaxing (9)
I also felt mentally relaxed in music therapy (9)
I felt relaxed both during and after the music therapy sessions (9)
I am able to learn better when I am more relaxed (7)
Music Therapy helped me to relax (7)

	When I do my [music therapy] sessions, it’s usually at the end of the day, and for some reason, the music just relaxes me and on occasions it’s put me to sleep – not because of what you’ve (music therapist) been doing, just because I’m so relaxed, and it think that’s good…obviously I need it – I’m tired and my body’s saying it needs to have a rest or go to sleep, which I can’t do… I can’t do that in any other therapies because I’m so physically active… this is mentally active I suppose, in music therapy, but at the same time I can relax enough to go to sleep… it relaxes me enough to put me to sleep…I think my body’s telling me I need it… (Participant 8)





Table 12. 
Comparison of themes for the stress domain 

	Control Group 
(n = 4)
	
	Intervention Group 
(n = 6)


	
	Themes (no. of participants)
	
	
	Themes (no. of participants)

	The inability to complete a movement leads to frustration (2)
Taking a break is a necessity (1)
It is important to move past frustration (1)
Post-stroke functional loss is hard to accept (1) 

	
	Music therapy sessions promoted relaxation (3)
The music therapy space provided the stroke survivors with down time (2)





[bookmark: _Toc94248998][bookmark: _Toc94249195][bookmark: _Toc94250368][bookmark: _Toc95061001][bookmark: _Toc95061239][bookmark: _Toc95282613][bookmark: _Toc95283140][bookmark: _Toc95284861][bookmark: _Toc95380195][bookmark: _Toc95380542][bookmark: _Toc95380890][bookmark: _Toc95658915][bookmark: _Toc95659269][bookmark: _Toc97540308][bookmark: _Toc97541365]Self-efficacy
	The self-efficacy domain related to the participants description of their capability through confidence, independence and/or perseverance during the intervention period. 
[bookmark: _Toc94248999][bookmark: _Toc94249196][bookmark: _Toc94250369][bookmark: _Toc95061240][bookmark: _Toc95283141][bookmark: _Toc95284862][bookmark: _Toc95380196][bookmark: _Toc95380543][bookmark: _Toc95380891][bookmark: _Toc95658916][bookmark: _Toc95659270][bookmark: _Toc97540309][bookmark: _Toc97541366]Control Group. As indicated in Table 13, control participants felt good to have functional improvement. They also reflected feeling motivated after putting in the hard work. The participants also described some contrasting reflections about self-efficacy: functional improvement and functional loss, feeling motivated and feeling challenged, and yearning for normality and having hope.
[bookmark: _Toc94249000][bookmark: _Toc94249197][bookmark: _Toc94250370][bookmark: _Toc95061241][bookmark: _Toc95283142][bookmark: _Toc95284863][bookmark: _Toc95380197][bookmark: _Toc95380544][bookmark: _Toc95380892][bookmark: _Toc95658917][bookmark: _Toc95659271][bookmark: _Toc97540310][bookmark: _Toc97541367]Intervention Group. As indicated in Table 14, intervention participants shared that though they had initial doubt about the impact of music therapy, they describe their progress of function and developing movement in relation to feelings of hope, happiness and achievement. 
[bookmark: _Toc94249001][bookmark: _Toc94249198][bookmark: _Toc94250371][bookmark: _Toc95061242][bookmark: _Toc95283143][bookmark: _Toc95284864][bookmark: _Toc95380198][bookmark: _Toc95380545][bookmark: _Toc95380893][bookmark: _Toc95658918][bookmark: _Toc95659272][bookmark: _Toc97540311][bookmark: _Toc97541368]Points of Distinction Between Groups. As indicated in Table 15, the intervention group themes focused on self-efficacy from a positive lens, i.e.: feeling a sense of progress, whilst the control group themes suggested a sense of striving, i.e.: the difficulty of not being completely independent. Control group themes identified the challenge of acceptance and a yearning for normality, whilst intervention group themes described feeling happy and a sense of achievement. The control group offered reflections about hard work and self-support.
















Table 13. 
Self-Efficacy: Themes, in-vivo codes and exemplar quotes from the control group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Hoping for continued improvement
	I want to prove to myself and others that I can recover (13)
I want to leave this hospital a better person than when I came in and continue on to the best of my ability (13)
Even though I haven’t had full recovery of my left arm I hope that it improves with my community rehabilitation (13)
I want to enjoy life and be able to get around to the best of my ability (13)
I would like my walking to get stronger (12)
	And I haven’t had full recovery of my left arm yet, but leaving here next week, I hope to continue recovery sessions at home at [hospital name] rehabilitation and try to improve so I can um recovery as well as I can for the future (Participant 13)

	Yearning for a sense of normality
	I want to improve my overall functional ability so that I can get around like I used to before I had the stroke (13)
I hope to keep improving my arm and fingers so that I can be more self-sufficient (13)
My therapies have helped to improve the normal function of my body, so that I can participate in things that I did before the stroke (13)
A good recovery for me would be one in which I could maintain my lifestyle (13)
I want my hand and arm to feel normal (10)
Making progress makes me feel like I could get back to a level of normality (10)
I wanted a space where I could feel normal (10)
	… just improve my normal function of my body and so to do, participate in things that I used to do before the stroke (Participant 13)

	Post-stroke functional loss is hard to accept
	It’s hard to accept what I can no longer do (10)
It’s hard to accept the fact that you can’t do things that you could before (10)
I used to be active in society (10)
	Well when you come to hospital, one day you’re a fully functioning person, the next day, you can’t do a lot of things you were able to do the day before… and it’s hard to get your head around that (Participant 10)

	It is a good feeling to have functional improvement
	Taking my first few steps made me cry with happiness (11)
The most significant moment was taking a few steps because I didn’t know that I could (11)
I can now do more with my arm than a few weeks ago (11)
I’m doing things that I couldn’t do before (11)
Seeing my own improvements encourages me to keep trying (11)
I couldn’t even stand, and now I’m walking (11) 
It feels good to use my arm because it’s important to have it working (11)
Doing something functional felt great and made me think that my hand could still work (11)
It’s really good to see that my hand can still do things (11)
It feels good to see that all of my little improvements are adding up (11)
It’s been good to see my little improvements (11)
I know I’ve done very well with my walking (12)
I knew I would be able to put my pants on (12)
It was pretty good to be able to do up a button and put on my pants during dressing class (12)
I was really pleased with myself when I first raised my forearm to my forehead (12)
It felt good when I raised my hand up to my forehead for the first time (12)
As I have steps at home, I felt like I achieved a goal by completing the steps practice in PT [physiotherapy] (12)
I’m now using a walking stick, which will be long-term (13)
I’m amazed with how much I have improved, now walking independently with a walking stick (13)
The nurses have also seen my improvement in walking (13)
	I can bend my knee on my left side; I couldn’t do that a couple of days ago… I mean, every day; there’s little tiny improvements… and they’re all sort of adding up and going in the right direction, so that’s good. (Participant 11) 



	Putting in the hard work is motivating
	When I do the best I can at the gym, I feel confident that I will be able to do even better next time (13)
When I accomplish what the instructors tell me to do, I get more confidence (13)
I think that I have a good work ethic and attitude to recovery because I’ve always been positive and determined (13)
I wouldn’t get anywhere without motivation and hard work (13)
The more I improve, the more I want to improve (13)
I motivate myself very well by staying determined, working hard and thinking of my friends (13)
I work hard and motivate myself to the best I can (13)
With the support of the physio’s, it is important to find motivation with the exercises by really trying (13)
Being able to lift my arm by myself made me determined to put more effort in (13)
I wanted to prove to myself that I could recover (13)
When you put in the hard yards, you get a bit more confidence and feel good (13)
If you’re willing to learn then you will come out good (13)
Even though I’m not a hundred percent, I’ve done well with my progress because I’ve worked to the best of my ability (13)
Even though I get tired, working hard makes me feel good and is paying off (11)
I push myself to the limits because I want to get well (11)
I will get better if I keep working at it (11)
I now realise I will get better if I keep working at it (11)
You start to improve if you just chip away, little by little (11)
I make gains with my arm with time and practice (12)
My approach was to have a go at everything and see if I could do it (12)
My approach was to have a go at everything (12)
I’ve always worked hard and achieved so I will continue to do my best (12)
	
Well, it just makes me feel good to go and work out all day instead of lying around feeling sorry for myself. And I think it’s paying off. You know, I love going down to the gym. I love doing the work and trying hard… it is hard work… and I get tired at the end of it but it’s definitely paying off I think. (Participant 11) 

	Not being completely independent is difficult
	I still have to help some of my fingers move (12)
I still can’t take myself to the toilet even though that was my priority (12)
The fine motor exercises were not terribly successful (12)
The hand exercises feel frustrating and annoying because I want to do them but I can’t (12)
Even though I know that I’ve progressed well, I feel within myself that I should do better (12)
When I watch others walk, I think that I should be doing that too (12)
I just want to be able to walk by myself (12)
It feels difficult and sometimes annoying when your arm doesn’t move the right way (12)
I can’t use both hands so need help at the dining table (11)

	Difficult and sometimes very annoying when they don’t do the right thing at first; when your arm doesn’t move the right way (Participant 12)

	Sometimes recovery is self-supported
	I feel like I have supported my recovery by myself (13)
	I’ve really supported it [recovery] and I’ve handled it [recovery] (Participant 13)





Table 14. 
Self-Efficacy: Themes, in-vivo codes and exemplar quotes from the intervention group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	Feeling hopeful in music therapy as a result of developing movement 

	Seeing more movement in my fingers gave me hope (14)
Noticing that my muscles were generating sound on the iPad gave me hope (14)
I knew that I was recovering when I noticed more movement (14)
I felt like I was getting back to my old self when my functionality improved (9)

	When more than three fingers were working together… two fingers and then the third one.. I was looking at them, I was sitting here… it was good… I feel good…two fingers were doing something, both doing something, and then the other finger joined in…on the iPad…Ah [sighs] there’s hope (Participant 14)

	Though there was initial doubt about music therapy, progress eventuated
	It felt good to play the iPad because I didn’t initially think that my hand could improve in such a short amount of time (9)
Though I didn’t initially think I could achieve what the music therapist suggested, I feel like I got there in the end (9)
Even though the song learning component was initially daunting, I was able to get there with practice (9)
I was in disbelief when I saw my fingers move (8)

	…you (music therapist) were singing and I was playing the instrument um yeah it was definitely good, it was something that I didn’t think I could achieve at the beginning of the sessions so…well it was just the fact that I didn’t have that movement or control with my fingers to be able to hit those notes, and didn’t think that I could achieve it in such a short amount of time (Participant 9)


	Feeling happy when the fingers move with the music
	I feel very happy and motivated when I see my fingers move in time with the metronome (7)
I felt happy when I could see my fingers moving (7)	
I was happy with the results of music therapy in that I got some movement in my fingers (8)
	I was happy with the results... happy to get some movement in my fingers… I don’t think you can ask for any more than that… that’s all I wanted at the start of the program… and that’s what happened… (Participant 8)

	Feeling a sense of achievement throughout the process of music therapy
	I felt like I achieved something when I heard the musical feedback from the different fingers (14)
I felt a sense of achievement when the Music Therapist noticed that my fingers had moved (14)
Getting encouragement and individual feedback from the music therapist helped me to see my progress (14)
It’s encouraging to see your own massive progression (9)
By the end of the course, I fulfilled my objectives to have more wrist and individual finger movement and control (9)

	…it’s [music therapy] hit the nail on the head… the objectives were: I wanted more individual finger movement and control, and same with the wrist and I think we’ve achieved that so I can’t ask for too much more (Participant 9)





Table 15.
Comparison of themes for the self-efficacy domain 

	Control Group 
(n = 4)
	
	Intervention Group 
(n = 6)


	
	Themes (no. of participants)
	
	
	Themes (no. of participants)

	It is a good feeling to have functional improvement (3)
Putting in the hard work is motivating (3)
Hoping for continued improvement (2)
Not being completely independent is difficult (2)
Yearning for a sense of normality (2)
Sometimes recovery is self-supported (1)


	
	Feeling hopeful in music therapy as a result of developing movement (2)
Though there was initial doubt about music therapy, progress eventuated (2)
Feeling happy when the fingers move with the music (2)
Feeling a sense of achievement throughout the process of music therapy (2)




[bookmark: _Toc94249002][bookmark: _Toc94249199][bookmark: _Toc94250372][bookmark: _Toc95061002][bookmark: _Toc95061243][bookmark: _Toc95282614][bookmark: _Toc95283144][bookmark: _Toc95284865][bookmark: _Toc95380199][bookmark: _Toc95380546][bookmark: _Toc95380894][bookmark: _Toc95658919][bookmark: _Toc95659273][bookmark: _Toc97540312][bookmark: _Toc97541369]Other
	The other domain related to the participants description of their experiences that were related to the qualitative research questions but did not have specific relevance to any of the other domains. 
[bookmark: _Toc94249003][bookmark: _Toc94249200][bookmark: _Toc94250373][bookmark: _Toc95061244][bookmark: _Toc95283145][bookmark: _Toc95284866][bookmark: _Toc95380200][bookmark: _Toc95380547][bookmark: _Toc95380895][bookmark: _Toc95658920][bookmark: _Toc95659274][bookmark: _Toc97540313][bookmark: _Toc97541370]Control group. As indicated in Table 16, control participants reflected the importance of staying motivated and having hope. They also felt as though the staff were helpful and dedicated. These participants also shared about their challenges associated with the aftermath of having a stroke, having patience, and trying your best. Some participants shared that they felt as though some staff lacked empathy, needed more mental health training, and were not always able to help in a timely manner.
[bookmark: _Toc94249004][bookmark: _Toc94249201][bookmark: _Toc94250374][bookmark: _Toc95061245][bookmark: _Toc95283146][bookmark: _Toc95284867][bookmark: _Toc95380201][bookmark: _Toc95380548][bookmark: _Toc95380896][bookmark: _Toc95658921][bookmark: _Toc95659275][bookmark: _Toc97540314][bookmark: _Toc97541371]Intervention group. As indicated in Table 17, intervention participants thought that music therapy sessions were enjoyable. These participants shared that they looked forward to music therapy, found music therapy more motivating than other therapies and wanted more regular music therapy sessions. Participants also reflected upon the positive attitude of the music therapist and the positive impact of having family present in sessions. Though the intervention sometimes felt hard, one participant felt that there was a need to tell the doctors about it. 
[bookmark: _Toc94249005][bookmark: _Toc94249202][bookmark: _Toc94250375][bookmark: _Toc95061246][bookmark: _Toc95283147][bookmark: _Toc95284868][bookmark: _Toc95380202][bookmark: _Toc95380549][bookmark: _Toc95380897][bookmark: _Toc95658922][bookmark: _Toc95659276][bookmark: _Toc97540315][bookmark: _Toc97541372]Points of distinction between groups. As indicated in Table 18, there are several points of distinction between the control and intervention groups under the domain of “other”. Overall, the intervention group expressed more positive aspects of their experience than those in the control group. Though the control group reflected upon the importance of positive feedback and trying your best, the intervention group discussed that their actual engagement in music therapy was enjoyable, interesting, exciting and engaging. When considering motivation, those in the control group talked about the importance of motivation, whereas those in the intervention group reflected upon the motivation they felt when engaging in music therapy in comparison to other therapies. When considering the impact of the staff involved in care, the control group identified that even though some staff were dedicated, others lacked empathy and mental health training. This contrasted to the intervention groups’ reflection about the specific qualities of the music therapist as gentle, patient and positive. Further, whilst the control group reflected upon the importance of community support, the intervention group specifically reflected upon the importance of having family present in therapy. And finally, even though the intervention group identified the sometimes difficult nature of the intervention, they also expressed a want to ensure that more doctors knew about music therapy. 








Table 16. 
Other: Themes, in-vivo codes and exemplar quotes from the control group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	The aftermath of a stroke is emotional
	I feel more emotional after my stroke (10)
I’ve felt over emotional after the stroke (10)
	The other problem is this: a stroke makes you so emotional over things that aren’t important… you over exaggerate emotions… I’m not saying “on I’m emotional about this, or it affects me”… it is just something that comes naturally (Participant 10)


	It is hard to have patience
	I need to keep working hard and be patient (11)
I have to be patient because my progress feels like it’s taking forever (11)
This recovery process has been the hardest thing that I’ve ever done (13)
Small improvements are important (10)

	Well it seems like it’s taking forever for me, because I want it to all happen yesterday, you know? But anyway, I have to be patient… I haven’t got any options (Participant 11)

	It is important to try your best
	If you’re prepared to work hard, you will get through this (13)
If there is anyone in a similar position to me, I’d tell them that they’d reap results if they did the hard work (13)
The only way I can mend myself is to work to the best of my ability (13)
I knew I had to improve the management of my body so that I could hopefully recover (13)
I believe you should always try your best (12)
My approach is to do your best at all times and be grateful of your gains (12)

	
…its’ all the physiotherapists and occupational therapists have all be great and um like we all need their help and have to prepare to work hard… anyone who’s prepared to work hard, they’ll get through it… and um, like I’ve worked hard and I’m where I am now… and I’ve got a lot of improvement to do, which I will continue doing (13)


	Pity from others is unwanted
	Even though you’re at your lowest physically, you are still the same person (10)
I am the same person (10)
They feel sorry for me, perceiving me as different (10)
I feel like I’m a number (10)
I don’t want others to look down on me as if I am invalid and hopeless (13)

	The hard work that you wanna put into it… that you are determined to do yourself, to prove to yourself and your friends that I don’t wanna go out like a jellybean…I wanna go the best as I can and.. yeah, and just, it’s hard to describe. Firstly, I don’t want anyone looking down on me…I don’t want to be looked at as an invalid… a bloke who’s had a stroke and is looked upon as being hopeless…I want them to see that I’ve worked hard (Participant 13)


	The staff were helpful and dedicated
	I’ve had an encouraging experience with all of the staff (12)
The therapists here are on the side of the patient; they want the patient to succeed (12)
My mindset was good because I knew that the staff at this hospital are very good (12)
The OT and Physios’ approach to stroke recovery in this unit is outstanding (11)
I have been impressed with the dedication of the occupational therapists and physiotherapists (11)
I think that the staff in the gym are miracle workers (11)
I trust the clinicians (11)
The social worker was really helpful (13)
My hand and finger movement have been looked after really well (10)

	Well, I think all the operators here are on the side of the patient and they encourage help… the PT, or the OT people, or the speech therapy… everybody… they want the patient to succeed, and they keep a pleasant attitude… a pleasant attitude towards the patient, and encourage everyone which is very good. (Participant 12)

	Some staff members lacked empathy
	Empathy and positivity were lacking in my treatment (10)
It’s disappointing to hear nurses talking about patients with annoyance; as if they were not there (10)
Unintentional hurtful comments negate the positive work that staff do (10)
Some of the nursing staff are terrible (11)
Some of the nurses are tough, demeaning and have no empathy (11)

	An example that I keep on going over in my head: when a nurse talks to another nurse about a patient, they’ve got to be weary of how they talk to them because although physically we may not have the same capacity we had previously, mentally we’re the same… we listen, we hear, we analyse, we have feelings… and to me, that’s been the only area that has disappointed me at times (Participant 10)

	The staff weren’t always able to help in a timely manner
	Part of the reason why nurses can’t always help in a timely way is because they are very busy (11)
Having more nurses on duty would make sure that highly dependent people, like me, would get help (11)
It’s horrible to have to wait for nurses to get help (11)
The porters aren’t always on time, but I still get some therapy time (12)

	You can’t always get anyone to really take you to the toilet or anything for at least an hour, an hour and a half… so sometimes I’m just stuck here waiting to go to the toilet, waiting waiting waiting, it’s horrible (Participant 11)

	The staff need more post-stroke mental health training
	There should be more staff training on post-stroke mental health (10)
Nurses need more training in how to assist patients with their mental health (10)
	I don’t know what it was, but something surrounding mental health [was missing]… to me, I think more training of staff about the effects of stroke or anything on the mental health of people


	It felt good to get positive feedback
	It felt good to get complimented by the staff after working hard by taking on their advice (13)
Getting positive feedback makes me feel like my hard work was worth it (13)
It makes me feel like I’m achieving something when I get positive feedback (12)
It is encouraging to be told “you’re doing well” by the staff (12)
	And I’ve got… I’ve got good feedback… which I really appreciate…as I said before; a couple of nurses have complimented me on getting around and this kind of people from physio saying that I do good, I work hard and that’s a good feedback… (Participant 13)

	More therapy time was needed
	I would have liked more tutoring on getting in and out of bed (12)
I would have liked to spend more time practicing the exercises (12)
	A bit more practice perhaps, yes… well, I have to have somebody with me anyways.. [I would’ve liked] a little bit more [practice], yes…  (Participant 12) 

	It is important to stay motivated and have hope 
	Thinking about the good times over the years makes me motivated for the future (13)
I’ve got to prove to myself that I can recover to the best of my ability (13)
I’d work hard to make people believe in me (13)
My son’s stroke recovery helped motivate me to not give up (12)
I have a long way to go, but it would be good to keep improving at the same rate (11)
Improvement over my inpatient stay gives me hope (10)

	Well, friends that you you go back to years and you think about the good times we’ve had and that makes me motivated more think ahead and there’s more good times to come… (Participant 13)

	Community support is important
	I know that I’ve got a hell of a lot of support in my community (13)
	… people like to gossip and word about someone having a major problem will go round… like people have told me about it and I’ve known through my house mate another friends that I’ve got a hell of a lot of support (Participant 13)

	It was disappointing to have missed the musical component of this study
	I feel disappointed to have missed the musical component as I like music and I think it is helpful (12)
	I’m very disappointed I missed out on the musical component of the rehabilitation…I think that it might’ve been very good for me… I just like music…And I think when you work to music or listen to music, it is helpful (Participant 12)




Table 17.
Other: Themes, in-vivo codes and exemplar quotes from the intervention group
	Theme
	In-vivo codes (Participant ID)
	Exemplar quote

	The music therapist was patient, gentle and had a positive attitude

	The music therapist always put a positive spin on things which helped to break up the monotonous routine of usual therapy (9)
Being able to joke with the music therapist brightened up my day (9)
I didn’t get frustrated once because the music therapist had a calming presence and positive attitude (9)
The music therapist gave me confidence to feel like I could progress (9)
The music therapist was good at identifying where I was at and when to push me (9)
The music therapist helped me to recover and feel happy (7)
I looked forward to music therapy because the therapist was patient and gentle (7)
I felt that the music therapist was more gentle and patient, and the other therapies forced me to do things (7)

	You’re more gentle… gentle and more patient…because I feel it outside they’re more force me to do, you know? I feel you are more gentle than those people (Participant 7)

	Compared to other therapies, music was more motivating
	Whilst the other therapies just make you count your repetitions, music therapy helps you to aim for something (7)
My fingers move more with music than in OT (7)
In comparison to OT and physio, music therapy has been more motivating for me (7)
I found music therapy to be more motivating than OT (7)
The OTs forced me to aim for what they wanted me to do (7)
In comparison to OT, the music sessions were more interesting (14)
I got more attention in the music sessions as they were one-to-one (14)
In comparison to the other therapies, music is more motivating, interesting and fun (14)
The music exercises are more interesting than the OT exercises (14)
I think my progress has been more rounded and faster with music therapy in comparison to other therapies (9)
I feel like I’ve gained the most out of musical therapy (9)
Even though the musical exercises are a bit of a challenge, I felt like I was working toward a bigger picture (9)
The only other individual session I have is speech, and I don’t like it (8)
I looked forward to music therapy, but didn’t want to go to my other therapies (8)
OT hasn’t worked on my arm; whatever progress I have made has been as a result of music therapy (8)

	Music is ah more interesting… music, this is more fun than the other exercises. Instead of doing the same thing over and over again, you are trying to encourage yourself… try harder…Fun make it more interesting (Participant 14)

	Music therapy sessions were enjoyable
	Even though I’m not musically inclined, I enjoyed the music (8)
Even though I wasn’t consciously controlling my fingers, the notes I played would intertwine with the music therapists’ accompaniment (8)
I find the electric guitar sound pleasing because that’s the sort of music I like (8)
I enjoyed using different types of instruments which varied based on my mood (8)
I had a good time in music therapy as it was effective and not overly tiring (9)
Making music with the music therapist helped me to keep going as it felt like I was playing with an orchestra (9)
It was good to hear some harmonies produced toward the end when we were both listening (3)
I’ve enjoyed the sessions (3)
I feel like my brain was encouraged to work in music because it was fun (14)
I think that the music lightens me up (7)


	I enjoyed using the different types of instruments too… that varied each session too, I liked that. I liked trying… I liked varying the instruments to make the session different each time (8)


	Music therapy should be scheduled more regularly as a stand-alone therapy
	I would prefer if music therapy was scheduled twice a day, like the other physical therapies (14)
I think that there should be more regular music therapy sessions (14)
I would feel more fresh and motivated if music therapy was scheduled on its own (7)
I would prefer to not have physio and OT scheduled just before and/or after music therapy because I already feel so tired (7)

	There should be more regular sessions… like, every day and then the class; two or three in the class (Participant 14) 

	Looking forward to music therapy to focus on self-recovery
	I looked forward to music therapy because it gave me a space where I could focus purely on my recovery (8)
	I enjoyed it [music therapy] because it was a break from the traditional therapy, and I looked forward to it. And it’s in a different environment too… I think I’m more relaxed because I’m in my room, and it’s quieter, it’s one-on-one, it’s not… there’s no distractions… we can focus purely on my recovery, not everyone else’s… so I enjoyed that part about it. (Participant 8)


	Having family present in music therapy was exciting and encouraging
	Having my family present in music therapy felt like being part of an exciting team sport (9)
It was exciting and encouraging to have my family present in my music therapy sessions (9)
My husband was really excited when he saw my fingers moving (8)
It’s nice to see my husband getting pleasure out of my progress (8)

	It’s good, it was exciting… it was encouraging... because you know, they get excited as much as you do that you’re achieving certain things so that’s good… [you feel encouraged to] keep going…it was good to see that everyone’s getting involved. You feel like you’re doing it as a team sport rather than on your own.

	It would be interesting to engage with this intervention in a group setting
	It would have been nice to do the music sessions in a group to instill a sense of competition (14)
It would be interesting to do this program with another stroke survivor to see how different people respond in different ways (8)

	It would be interesting to have another person to do it [music therapy] with you. Another person going through the same therapy session to see what happened… compare notes.For me to see someone else… us working together… I’d like to see someone elses growth.. and how they responded to it all.. in a group session. Just so we can make/compare notes… compare what’s happening, how we’re both, how we’re responding to the therapy… how different people would respond in different ways, I think (Participant 8)


	Music therapy was interesting and engaging
	Being able to choose different instruments kept things fresh and not so boring (14)
Music therapy was both mentally and physically engaging (9)
The music soothed my nerves and stopped the exercises from feeling monotonous (7)
I felt motivated to see the results of the engaging and interesting music therapy intervention (4)
I found the intervention interesting, informative and fun (3)

	It was interesting and informative… and in terms of listening for the right beat and trying these stupid fingers to keep with it…it’s been good fun too (Participant 3)

	The doctors need to know more about music therapy
	The doctors need to know more about the music program so that more patients can benefit (14)
	If something happened, I would let the doctor know…They are not really into this thing… they should; it’s a different program.. than the conventional one.[It is important for the doctors to know] that thre are alternative… the more different things, the better [to benefit] the patient (Participant 14)


	It sometimes felt difficult to engage with the music intervention
	Sometimes the interventions were too repetitive (3)
It felt difficult to play the iPad-based instrument as the key does not move (3)
This music therapy program might not be for everyone (3)
I would have gotten more out of music therapy if I had more control of my arm (4)
	I probably would have gotten more out of it [music therapy] if I had more control of my arm itself… so if I move my arm around a bit… so I’d be able to hold my arm up by itself… If I say didn’t have control of my fingers but could move my arm and my wrist, maybe it would’ve gotten more because I wouldn’t have to keep leaning against the iPad or trying to drag my finers across the screen: I could lift my arm up a bit… I could hold it up over the iPad and push down without… without having to move it around and manually lifting up the other arm… not having someone else to move my arm for me (Participant 4)



Table 18. 
Comparison of themes for the other domain 
	Control Group 
(n = 4)
	
	Intervention Group 
(n = 6)


	
	Themes (no. of participants)
	
	
	Themes (no. of participants)

	The staff were helpful and dedicated (4)
It is important to stay motivated and have hope (4)
It is hard to have patience (3) 
It is important to try your best (2)
Pity from others is unwanted (2)
Some staff members lacked empathy (2)
The staff weren’t always able to help in a timely manner (2)
It felt good to get positive feedback (2)
The aftermath of a stroke is emotional (1)
More therapy time was needed (1)
Community support is important (1)
It was disappointing to have missed the musical component of this study (1)
The staff need more post-stroke mental health training (1)

	
	Music therapy sessions were enjoyable (5)
Music Therapy was interesting and engaging (5)
Compared to other therapies, music therapy was more motivating (4)
Having family present in music therapy was exciting and encouraging (2)
It would be interesting to engage with this intervention in a group setting (2)
It sometimes felt difficult to engage with the music intervention (2)
Music therapy should be scheduled more regularly as a stand-alone therapy (2)
The music therapist was patient, gentle and had a positive attitude (2)
The doctors need to know more about music therapy (1)
Looking forward to music therapy to focus on self-recovery (1)
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In this chapter, I presented the results of the qualitative interview data of this mixed methods pilot randomised controlled trial. In drawing upon thematic analysis, I was able to arrive at multiple themes across the six domains for each condition. I then compared the finalised themes for each domain and in preparation for the mixed methods analysis. The next chapter will present the mixed methods findings through further integration of quantitative and qualitative analyses. The rationale for not including the “other” category as part of the mixed-methods analysis will also be further explored. 
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Setting up the interview:
	As you may remember, we have been measuring your arm function, arm strength and wellbeing over the course of this music therapy study. Being allocated to receive the music therapy intervention, I also really want to know whether you feel like engaging in the treatment that you received supported your recovery in a broader sense.
 
And so, leading on from that, the first question is…

1. What aspects of your recovery do you think were addressed by the intervention you received?
[Additional prompt if needed: How else was the intervention you received helpful for you?]
2. Can you describe a moment that stands out for you over the course of your hand/arm rehabilitation?
3. Was there anything else you would have liked from the intervention that you received? 
[Additional prompt if needed: What was missing from the intervention you received?]


Control participants

Setting up the interview:
As you may remember, you agreed to participate in a study where we measured your arm function, arm strength and wellbeing over the course of your rehabilitation journey for the past 4 weeks. Being allocated to the usual treatment condition, I also really want to know whether you feel like engaging in your therapy program supported your recovery in a broader sense.

So, to orient you, the intervention that you received for arm function and strength included occupational therapy and physiotherapy. 

And so, leading on from that, the first question is…

1. What aspects of your recovery do you think were addressed by the intervention you received?
[Additional prompt if needed: How else was the intervention you received helpful for you?]
2. Can you describe a moment that stands out for you over the course of your hand/arm rehabilitation? 
3. Was there anything else you would have liked from the intervention you received?
[Additional prompt if needed: What was missing from the intervention that you received?]
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Transcription of the interview (Participant ID. 9)
Researcher (R):	So I’m just going to keep asking you more and more and more and more about what you’re saying just to get a really explicit 

Participant (P):	sure

R:	So, um, the overall question is how did engaging in music therapy support the recovery of stroke survivors with weakness in the upper limb. That’s the kind of overall question. Um, and as you know, we’ve been looking at your arm function and your hand function and also kind of your overall wellbeing, um but I really wanna know whether you feel like engaging in this music therapy program supported your recovery in a broader sense. That’s the idea. So, from that, um, the	

P:	Do I start answering?

R:	I mean, yeah, if you wanna talk pretty openly.. so, how do you.. do you feel like engaging in music therapy supported your recovery in a broader sense?

P:	Yeah definitely, I think it, um.. I was engaging, I guess, mentally and physically so mentally it was something different to what we’re used to in the gym.. and physically I feel that it concentrated a lot of the um training or movements to the wrist and fingers which was something I was lacking quite a bit of movement in. so, yeah it seemed to have helped in my OT sessions as well. 

R:	Yeah? How do you think it helped in your OT sessions?

P:	It gave me a lot more movement and function very quick. 

R:	Where abouts?

P:	In my fingers and my wrist

R:	And what do you mean by mentally…

P:	It was just mentally engaging.. something different to being in the gym and slugging it out… and I guess involving music, most people are into music and it just makes it quite soothing and relaxing all at the same time.

R:	So, you thought that engaging in this felt soothing and relaxing?

P:	 Yes, definitely

R:	And what do you mean by relaxing?

P:	 um, I guess just less anxious for being here because it was something that you were.. listening to music or trying to play your own music and ah you’re sort of forgetting about what’s happening in ah the rest of your life at the moment.

R:	Oh wow, that’s really powerful

P:	Yeah

R:	And how does that compare for your sessions for hand therapy outside of music?

P:	 It feels like its sort of more of an intensive training course in here.

R:	How so?

P:	You’re more focused on fingers and wrist rather than the whole arm.. and I think it’s quite beneficial.. and I only did about what 17 sessions?

R:	20
	
P:	20, yeah, and it’s been yeah .. well there were results from session 2 I think, if not earlier

R:	And so, when you compare your engagement in these sessions and your progress outside of music therapy, are they similar, different..

P:	I think the progression with music therapy has been far more more rounded and lot faster to achieve results

R: 	What do you mean by well rounded?

P:	Well it wasn’t just one individual finger that got better, it was the whole lot of the fingers, the entire wrist got better, it was more functional.. I mean, in other OT sessions, you’d focus primarily on like the elbow extension and movement, and then you might focus on shoulder, and you’d sort of working individual parts of the arm.

R:	So, what aspects of your recovery do you think that this music therapy program might have helped you with? You’ve kind of touched on it…

P:	Yeah. I think it’s helped me with generally with a lot more control of my hand and being able to use my hand a lot more than what I could before. It was sort of like a limb that was attached to me that I didn’t really use and now I can functionally get dressed a lot easier, I can do my zipper up on my jumper, I’ve been able to put my shoes and socks on on my own, shower on my own… so functionality has been awesome	 

R:	so how did it feel when you started getting more functionality?

P:	Yeah, well it felt great, and you feel like you’re sort of back to your old self or getting there… on the right path anyway.

R:	Um, and besides functionality of the hand, were there other aspects of your recovery that you thought music may have helped with?

P:	Yeah, I think mentally, it just relaxes you being in here, it’s a great course so.. you’re obviously good to deal with as well.. you always put a positive spin on things so it’s good just to have a bit of time out from going to the monotonous going to the gym 2 times a day doing the same thing

R:	And so have you found it difficult to relax in a hospital?

P:	Yeah, overall, yes. The gym sessions are not too bad, but overall just being in hospital for the duration I’ve been, it’s been about 2 months now, it’s quite hard to settle yourself, yeah

R:	But you felt like in our sessions, even though they were quite intensive, you felt that you could relax?

P:	Yeah, definitley

R:	And, after the sessions, each time I saw you, did you still feel relaxed? How did you feel..

P:	Yeah, I still felt relaxed.. I felt tired - it’s mentally draining, but it’s um yeah, I feel still relaxed, the feeling walking outta here

R:	And, why is it important to feel relaxed in a hospital setting like this?
	
P:	It gets very, I guess stressful trying to comprehend what’s happened to you when your life changes completely overnight, and trying to relax and accept something and come to terms with it just helps when you get there…anything that can help I guess or assist in doing that is beneficial.
	
R:	How else were the music therapy sessions helpful for you.. so was there anything else besides feeling relaxed and getting function

P:	You know, we had a good laugh in here as well and I think that goes with the personalities in here

R:	What do you mean by that?

P:	Um, I’ve just joked around a lot throughout the course of the sessions and it just brightens up your day I guess.. it’s a good end to every afternoon

R:	And it was nice as well that it wasn’t just you and me in the sessions aswell, having family present… how was that for you to have them..

P:	It’s good, it was exciting… it was encouraging.. because you you know, they get excited as much as you do that you’re achieving certain things so that’s good

R:	And so you felt encouraged to..

P:	Keep going

R:	And I noticed as well like your brother would play the finger movement that we were focusing on, like he would do it on the um table… just as you were learning it on the iPad… how was that for you?

P:	Yeah, it was good to see that everyones getting involved. You feel like you’re doing it as a team sport rather than on your own

R:	Yeah, nice. Can you describe a moment that stands out for you over the course of the whole music therapy program?

P:	Ah definitely would have to be towards the end of today’s session I guess when we, or when I say we, you were singing and I was playing the instrument um yeah it was definitely good, it was something that I didn’t think I could achieve at the beginning of the sessions so

R:	What was it about this moment?

P:	Well it was just the fact that I didn’t have that movement or control within my fingers to be able to hit those notes, and didn’t think that I could achieve it in such a short amount of time so

R:	And it was a song that you liked 

P:	Yeah, definitely

R:	And it was a song that you chose… and how did you feel when, I know that we touched on this in sessions, but how did you feel when I asked you what song you’d like to potentially learn and told you that I think you’d be able to play it by the end of the program… how did you feel at that beginning kind of phase

P:	Yeah, in the beginning, I thought oh “she’s kidding herself” but we certainly got there each session, and throughout each session I even thought yeah I think we’re going to get pretty close to doing it … by the time we got there on D-day, I think we got there. 

R:	You got there?

P:	Yeah, after a few attempts

R:	 You think or you did?

P:			Well we did several attempts; there was probably some better than others, but we got there. 

R:	And, you also didn’t play it just once and with e-stim and you know with a towel supporting you… you pretty much just doing it on your own by the end.
	How did you feel when, thinking of e-stim, how did you feel when we took the e-stim away?

P:	To be honest, it didn’t really cross my mind to think about “hey I haven’t got the e-stim now it’s gonna be difficult..” I just went with it cos I could see that it was achievable and you gave me confidence in saying “you can definitely do this” so.. it just felt like a natural progression I guess to stop using it and we haven’t looked back since

R:	No, we haven’t.. we took it away in and we never put it back on

P:	Yeah

R:	And so working without the e-stim kind of knowing that you’re grouping this muscles yourself, how was that for you?

P:	it’s definitely encouraging to see that there’s been a massive progression and yeah I’d say it requires daily in you know to .. I feel I’ve gained the most out of musical therapy than any of the training sessions in here

R:	Oh wow… why do you think that is though?

P:	Cos I guess I couldn’t move my fingers individually almost at all, or even open them up or close them, clench the fist, and then after a couple sessions, I had so much more movement and control and it just progressively got better, every session… every day it was different and improved

R:	Yeah I remember when we first met, I think you could close but you couldn’t open up

P:	correct

R:	And then do you remember the moment where you had more movement opening up?

P:	I don’t specifically, but I do recall each morning when I’d wake up I’d yawn and it was like a sort of just reaction that my hand would open up.. and that started happening more and more and then I had more control over it and I could do it straight over the course of the day so.. yeah I don’t recall an actual exact moment but it certainly happened throughout the course of the doing music therapy.

R:	And how did it feel to do all the different music streams.. so you did all three of them actually.. I haven’t had anyone who has done all three. You did the free improv, the directed improv with metronome and then the song learning.. so maybe we can talk about each. How was it for the free improv?

P:	Yeah the free improv initially was difficult for me because I didn’t have much movement at all. It was mostly just my wrist just sliding across all the keys and that progressively got a lot better, and I had individual finger movement, I could move them around. I had more wrist control so it became more exciting I guess to just sort of do improv because I actually had more movement. 

R:	and even when you didn’t have movement, if your hand was just resting, do you remember that there’d be like flickers that would get picked up as well.
	Um, how did it feel to improvise with a guitar in a hospital setting?

P:	Yeah it was definitely good.. it sounded a lot better than my improv alone

R:	What do you mean alone?

P:	Well, hearing the guitar in the background as opposed to just me banging at keys

R:	Did you enjoy playing with the guitar?

P:	Yeah, ofcourse

R:	And why do you think you enjoyed playing with the guitar.

P:	It felt like it created some type of rhythm or some type of beat and you were playing away and yeah

R:	and did that.. did you feel that that helped you to keep going or?

P:	Yeah, ofcourse…

R: 	and why do you think that may have helped you keep going?

P:	just felt like you’re part of an orchestra I guess… and if that stops, then you stop, and if it doesn’t, then you keep going aswell until it’s time to stop

R:	Wow, so you felt like you would keep going until I would stop pretty much… and I was actually following you. So when you’d move your hand, that’s only when I’d stop… 

P:	Had I of known, I would’ve stopped earlier [laughs]

R:	[laughs] Yeah you could’ve but you didn’t know that did you?
	And then if we look at the directed improv, so when we used the metronome, or when I was saying “up, down, hold”, all of that kind of stuff, how was that for you?

P:	Yeah, the verbal cues were good. Um, I felt like I had, by the time we started, I guess, doing that kind of work on the hand, I think that I had a lot more control so it sort of came natural and felt somewhat easier to do and yeah… verbal cues were good. The metronome was good too but I’d probably a bit out of beat with the metronome, not being musically inclined, but 

R:	I thought you were pretty solid on the beat actually… you were pretty good with the beat.
	What was it about the verbal cues that you really liked?

P:	Um, 

R:	Like, what was it about verbal cues that worked for you?

P:	Just was easier I guess to understand and control a bit easier and… just instructions were clearer I guess.

R:	And then when, cos I’d often start with a verbal cues and then ask you to follow the metronome.. so using the metronome, how was that?

P:	it was still good.. at least you had something to target.. the verbal cues and the metronome were essentially your invisible targets when you were playing anything so it’s good to have those; it creates that point of achievement I guess

R:	So, why is it important to have that point of achievement and to have those targets do you think in this kind of a therapy?

P:	It just gives you something to aim for really.. if you don’t have it then I dunno, you don’t sort of push yourself I feel

R:	Oh, so you feel that maybe if we didn’t have the verbal cues and the metronome, what would’ve happened?

P:	I dunno.. I’m a very sort of structured person, everything that I do, and if I don’t have that sort of structure then I just feel like it’s not going anywhere, if that makes sense?

R:	yeah, so do you think you would have achieved as much without that stuff?

P:	Probably not

R:	Why not?

P:	Because I just think that I wouldn’t of had an end goal or a target to achieve anything. So if we hadn’t of said at the beginning of the course that you know you’re gonna play x, y, z then , you’re going somewhere but you don’t know where you’re going, you need to have a target to achieve a goal I guess

R:	But inspite of that you still really liked the improv, the free stuff as well?

P:	Yeah

R:	So do you think that … like what was it about choosing what to do improv as well as the directive stuff, 

P:	Improv was good just to I guess get your understanding for the day; how much control you have and movement you have, whether you’ve been tired from your previous training or not

R:	So do you feel like improv was more like a baseline for you?

P:	Yeah, definitely, 

R:	Cool

P:	And then song-learning. So, um yeah we talked about, I think it was a couple of sessions in I asked you what… I told you a little bit about the song learning thing, I could see that you were getting some really good control in your fingers.. um and you knew straight away which song you wanted. Um, then we started learning it. So how was the song learning process for you?

P:	yeah, well initially it was a little bit daunting. I thought “Aw this is gonna be a bit tricky, I’m not very musically inclined, and playing all these keys on the.. I’ll probably have a heart-attack”, but we simplified it quite a bit, or, you simplified it quite a bit and ah, so practice and practicing.. and we finally got there.

R:	Yeah. I don’t even think I really simplified it because you were playing the notes that they play on the recording.. um and then just week by week I just didn’t need to support you as much, did i?

P:	I think every day, or every session that we’ve had, there’s certainly been improvements and I don’t think they’ve been small, I think they’ve been quite substantial.

R:	Is that in any one of those music-making streams, or?

P:	Um, probably in all of them really. It hasn’t really been primarily one or the other I think I’ve made, across the board, a substantial improvement

R:	And, do you think that would’ve been the case had you not done all three music-making streams? Like if you just did one, or two?

P:	Um, probably not. I think each of them taught me something different I think. The improv was just about control and understanding I guess what my body could and couldn’t do, and then the moving of fingers to target and the light as something that I focused I think moreso on my actual control each individual finger 

R:	Yeah

P:	And then putting it all together is essentially the song, so 

R:	Yeah, it kind of, yeah I didn’t think about it like that for you. Was there anything else that you would’ve liked from this music therapy program? 

P:	Nothing, it’s hit the nail on the head.. the objectives were I wanted more individual finger movement and control and same with the wrist and I think we’ve achieved that so I can’t ask for too much more


R:	Nothing else that you would’ve wanted more from? From this?

P:	Nah, I think it’s been great

R:	Yeah cool. And what about the music therapy intervention.. so you’ve don’t song learning, directed improv, and free improv… do you think that there was anything missing from the actual interventions themselves?

P:	Nah I don’t think so, I think they were all pretty well rounded.

R:	Did you feel like um did you have moments of frustration at all when you were learning kind of going through the new phases of them?

P:	No, not at all, not even at the beginning where I had very little movement. I didn’t get frustrated once.. it was good.

R:	Really? Why do think that is?

P:	I dunno, I think maybe you probably have quite a calming voice, and you were very relaxed as well, and quite positive in your good attitude, so think that probably rubs off on which ever patient you’re working with as well 

R:	wow. No-one’s actually said that to me before; “not feeling frustrated”… do you think it comes down to the therapist or the intervention or a combination?

P:	Probably a combination of both I guess… of both the therapist and the however you’re applying your therapy too

R:	Did you ever feel that um I was pushing you too hard, like too far too soon?

P:	No, I don’t think so at all, I think it was generally keeping up with my progressions so, I think you were quite good at identifying where I’m at and when to push and perhaps when not to push but yes it’s been good

R:	And have you found that to be a similar thing across the board for your other therapies?

P:	yeah, I think so. It’s definitely worthwhile and I’d recommend it to whoever has the opportunity to do it, to definitely do it

R:	And thinking about your other therapies, outside of music, do you feel like that, um the therapists are also able to um.. do they push you too much, do they not push you enough, do they find that kind of sweet spot?

P:	Yeah I think they kind of find that sweet spot, I mean they’re dealing with multiple patients as well at once so it’s a bit difficult to get their full attention at all times, but they’re usually quite good at identifying where you’re at and what you need to be doing, and when to push you. 

R:	Um, and let me go back a bit… um is this something that you would recommend to somebody else?

P:	Yeah, definitely

R:	And why is that?

P:	Um I just think, based on the results that I’ve achieved from doing 20 odd sessions, I’d recommend it to anyone. It’s not something that’s overly tiring… it’s effective and you can generally have a good time doing it as well. It’s not something that’s um monotonous basically. 

R:	And, what is it about this that doesn’t make it monotonous?

P:	well if you’re playing, I guess a song, or trying to play a song that you enjoy listening to, it’s a bit of a challenge to get there, and it’s something different every session, where you’re focusing on your finger control, and your wrist control, and then you’re putting it all together to basically play the chorus of a song… so you’ve got little steps every session but overall there’s a big picture that you need to achieve ‘x’.

R:	And so every session, did you feel like you were working towards that big picture?

P:	Yeah, correct

R:	Oh wow

P:	And eventually we got there

R:	We did get there.. and quite strongly too.
	Um, I think I’ve asked you all the questions I wanted to ask you… um the last one is: “when I write up this information in my report, do you want me to use your real name, just your first name?”

P:	Yeah I don’t mind.. whatever is easier for you

R:	What do you prefer? Any is fine

P:	Steve’s a good name, so I think we’ll stick with that.	
			

R:	I think that’s it, thanks heaps Steve

P:	No worries. 






















[bookmark: _Toc97540322][bookmark: _Toc97541379]Appendix C
[bookmark: _Toc97540323][bookmark: _Toc97541380]Deductive organisation of key statements (excerpts) into relevant domain(s) (Participant ID. 9)
[bookmark: _Toc97540324][bookmark: _Toc97541381]Colour-coded transcription
Researcher (R):	So I’m just going to keep asking you more and more and more and more about what you’re saying just to get a really explicit 

Participant (P):	sure

R:	So, um, the overall question is how did engaging in music therapy support the recovery of stroke survivors with weakness in the upper limb. That’s the kind of overall question. Um, and as you know, we’ve been looking at your arm function and your hand function and also kind of your overall wellbeing, um but I really wanna know whether you feel like engaging in this music therapy program supported your recovery in a broader sense. That’s the idea. So, from that, um, the	

P:	Do I start answering?

R:	I mean, yeah, if you wanna talk pretty openly.. so, how do you.. do you feel like engaging in music therapy supported your recovery in a broader sense?

P:	Yeah definitely, I think it, um.. I was engaging, I guess, mentally and physically so mentally it was something different to what we’re used to in the gym.. and physically I feel that it concentrated a lot of the um training or movements to the wrist and fingers which was something I was lacking quite a bit of movement in. so, yeah it seemed to have helped in my OT sessions as well. 

R:	Yeah? How do you think it helped in your OT sessions?

P:	It gave me a lot more movement and function very quick. 

R:	Where abouts?

P:	In my fingers and my wrist

R:	And what do you mean by mentally…

P:	It was just mentally engaging.. something different to being in the gym and slugging it out… and I guess involving music, most people are into music and it just makes it quite soothing and relaxing all at the same time.

R:	So, you thought that engaging in this felt soothing and relaxing?

P:	 Yes, definitely

R:	And what do you mean by relaxing?

P:	 um, I guess just less anxious for being here because it was something that you were.. listening to music or trying to play your own music and ah you’re sort of forgetting about what’s happening in ah the rest of your life at the moment.

R:	Oh wow, that’s really powerful

P:	Yeah

R:	And how does that compare for your sessions for hand therapy outside of music?

P:	 It feels like its sort of more of an intensive training course in here.

R:	How so?

P:	You’re more focused on fingers and wrist rather than the whole arm.. and I think it’s quite beneficial.. and I only did about what 17 sessions?

R:	20
	
P:	20, yeah, and it’s been yeah .. well there were results from session 2 I think, if not earlier

R:	And so, when you compare your engagement in these sessions and your progress outside of music therapy, are they similar, different..

P:	I think the progression with music therapy has been far more more rounded and lot faster to achieve results

R: 	What do you mean by well rounded?

P:	Well it wasn’t just one individual finger that got better, it was the whole lot of the fingers, the entire wrist got better, it was more functional.. I mean, in other OT sessions, you’d focus primarily on like the elbow extension and movement, and then you might focus on shoulder, and you’d sort of working individual parts of the arm.

R:	So, what aspects of your recovery do you think that this music therapy program might have helped you with? You’ve kind of touched on it…

P:	Yeah. I think it’s helped me with generally with a lot more control of my hand and being able to use my hand a lot more than what I could before. It was sort of like a limb that was attached to me that I didn’t really use and now I can functionally get dressed a lot easier, I can do my zipper up on my jumper, I’ve been able to put my shoes and socks on on my own, shower on my own… so functionality has been awesome	 

R:	so how did it feel when you started getting more functionality?

P:	Yeah, well it felt great, and you feel like you’re sort of back to your old self or getting there… on the right path anyway.

R:	Um, and besides functionality of the hand, were there other aspects of your recovery that you thought music may have helped with?

P:	Yeah, I think mentally, it just relaxes you being in here, it’s a great course so.. you’re obviously good to deal with as well.. you always put a positive spin on things so it’s good just to have a bit of time out from going to the monotonous going to the gym 2 times a day doing the same thing

R:	And so have you found it difficult to relax in a hospital?

P:	Yeah, overall, yes. The gym sessions are not too bad, but overall just being in hospital for the duration I’ve been, it’s been about 2 months now, it’s quite hard to settle yourself, yeah

R:	But you felt like in our sessions, even though they were quite intensive, you felt that you could relax?

P:	Yeah, definitley

R:	And, after the sessions, each time I saw you, did you still feel relaxed? How did you feel..

P:	Yeah, I still felt relaxed.. I felt tired - it’s mentally draining, but it’s um yeah, I feel still relaxed, the feeling walking outta here

R:	And, why is it important to feel relaxed in a hospital setting like this?
	
P:	It gets very, I guess stressful trying to comprehend what’s happened to you when your life changes completely overnight, and trying to relax and accept something and come to terms with it just helps when you get there…anything that can help I guess or assist in doing that is beneficial.
	
R:	How else were the music therapy sessions helpful for you.. so was there anything else besides feeling relaxed and getting function

P:	You know, we had a good laugh in here as well and I think that goes with the personalities in here

R:	What do you mean by that?

P:	Um, I’ve just joked around a lot throughout the course of the sessions and it just brightens up your day I guess.. it’s a good end to every afternoon

R:	And it was nice as well that it wasn’t just you and me in the sessions aswell, having family present… how was that for you to have them..

P:	It’s good, it was exciting… it was encouraging.. because you you know, they get excited as much as you do that you’re achieving certain things so that’s good

R:	And so you felt encouraged to..

P:	Keep going

R:	And I noticed as well like your brother would play the finger movement that we were focusing on, like he would do it on the um table… just as you were learning it on the iPad… how was that for you?

P:	Yeah, it was good to see that everyones getting involved. You feel like you’re doing it as a team sport rather than on your own

R:	Yeah, nice. Can you describe a moment that stands out for you over the course of the whole music therapy program?

P:	Ah definitely would have to be towards the end of today’s session I guess when we, or when I say we, you were singing and I was playing the instrument um yeah it was definitely good, it was something that I didn’t think I could achieve at the beginning of the sessions so

R:	What was it about this moment?

P:	Well it was just the fact that I didn’t have that movement or control within my fingers to be able to hit those notes, and didn’t think that I could achieve it in such a short amount of time so

R:	And it was a song that you liked 

P:	Yeah, definitely

R:	And it was a song that you chose… and how did you feel when, I know that we touched on this in sessions, but how did you feel when I asked you what song you’d like to potentially learn and told you that I think you’d be able to play it by the end of the program… how did you feel at that beginning kind of phase

P:	Yeah, in the beginning, I thought oh “she’s kidding herself” but we certainly got there each session, and throughout each session I even thought yeah I think we’re going to get pretty close to doing it … by the time we got there on D-day, I think we got there. 

R:	You got there?

P:	Yeah, after a few attempts

R:	 You think or you did?

P:			Well we did several attempts; there was probably some better than others, but we got there. 

R:	And, you also didn’t play it just once and with e-stim and you know with a towel supporting you… you pretty much just doing it on your own by the end.
	How did you feel when, thinking of e-stim, how did you feel when we took the e-stim away?

P:	To be honest, it didn’t really cross my mind to think about “hey I haven’t got the e-stim now it’s gonna be difficult..” I just went with it cos I could see that it was achievable and you gave me confidence in saying “you can definitely do this” so.. it just felt like a natural progression I guess to stop using it and we haven’t looked back since

R:	No, we haven’t.. we took it away in and we never put it back on

P:	Yeah

R:	And so working without the e-stim kind of knowing that you’re grouping this muscles yourself, how was that for you?

P:	it’s definitely encouraging to see that there’s been a massive progression and yeah I’d say it requires daily in you know to .. I feel I’ve gained the most out of musical therapy than any of the training sessions in here

R:	Oh wow… why do you think that is though?

P:	Cos I guess I couldn’t move my fingers individually almost at all, or even open them up or close them, clench the fist, and then after a couple sessions, I had so much more movement and control and it just progressively got better, every session… every day it was different and improved

R:	Yeah I remember when we first met, I think you could close but you couldn’t open up

P:	correct

R:	And then do you remember the moment where you had more movement opening up?

P:	I don’t specifically, but I do recall each morning when I’d wake up I’d yawn and it was like a sort of just reaction that my hand would open up.. and that started happening more and more and then I had more control over it and I could do it straight over the course of the day so.. yeah I don’t recall an actual exact moment but it certainly happened throughout the course of the doing music therapy.

R:	And how did it feel to do all the different music streams.. so you did all three of them actually.. I haven’t had anyone who has done all three. You did the free improv, the directed improv with metronome and then the song learning.. so maybe we can talk about each. How was it for the free improv?

P:	Yeah the free improv initially was difficult for me because I didn’t have much movement at all. It was mostly just my wrist just sliding across all the keys and that progressively got a lot better, and I had individual finger movement, I could move them around. I had more wrist control so it became more exciting I guess to just sort of do improv because I actually had more movement. 

R:	and even when you didn’t have movement, if your hand was just resting, do you remember that there’d be like flickers that would get picked up as well.
	Um, how did it feel to improvise with a guitar in a hospital setting?

P:	Yeah it was definitely good.. it sounded a lot better than my improv alone

R:	What do you mean alone?

P:	Well, hearing the guitar in the background as opposed to just me banging at keys

R:	Did you enjoy playing with the guitar?

P:	Yeah, ofcourse

R:	And why do you think you enjoyed playing with the guitar.

P:	It felt like it created some type of rhythm or some type of beat and you were playing away and yeah

R:	and did that.. did you feel that that helped you to keep going or?

P:	Yeah, ofcourse…

R: 	and why do you think that may have helped you keep going?

P:	just felt like you’re part of an orchestra I guess… and if that stops, then you stop, and if it doesn’t, then you keep going aswell until it’s time to stop

R:	Wow, so you felt like you would keep going until I would stop pretty much… and I was actually following you. So when you’d move your hand, that’s only when I’d stop… 

P:	Had I of known, I would’ve stopped earlier [laughs]

R:	[laughs] Yeah you could’ve but you didn’t know that did you?
	And then if we look at the directed improv, so when we used the metronome, or when I was saying “up, down, hold”, all of that kind of stuff, how was that for you?

P:	Yeah, the verbal cues were good. Um, I felt like I had, by the time we started, I guess, doing that kind of work on the hand, I think that I had a lot more control so it sort of came natural and felt somewhat easier to do and yeah… verbal cues were good. The metronome was good too but I’d probably a bit out of beat with the metronome, not being musically inclined, but 

R:	I thought you were pretty solid on the beat actually… you were pretty good with the beat.
	What was it about the verbal cues that you really liked?

P:	Um, 

R:	Like, what was it about verbal cues that worked for you?

P:	Just was easier I guess to understand and control a bit easier and… just instructions were clearer I guess.

R:	And then when, cos I’d often start with a verbal cues and then ask you to follow the metronome.. so using the metronome, how was that?

P:	it was still good.. at least you had something to target.. the verbal cues and the metronome were essentially your invisible targets when you were playing anything so it’s good to have those; it creates that point of achievement I guess

R:	So, why is it important to have that point of achievement and to have those targets do you think in this kind of a therapy?

P:	It just gives you something to aim for really.. if you don’t have it then I dunno, you don’t sort of push yourself I feel

R:	Oh, so you feel that maybe if we didn’t have the verbal cues and the metronome, what would’ve happened?

P:	I dunno.. I’m a very sort of structured person, everything that I do, and if I don’t have that sort of structure then I just feel like it’s not going anywhere, if that makes sense?

R:	yeah, so do you think you would have achieved as much without that stuff?

P:	Probably not

R:	Why not?

P:	Because I just think that I wouldn’t of had an end goal or a target to achieve anything. So if we hadn’t of said at the beginning of the course that you know you’re gonna play x, y, z then , you’re going somewhere but you don’t know where you’re going, you need to have a target to achieve a goal I guess

R:	But inspite of that you still really liked the improv, the free stuff as well?

P:	Yeah

R:	So do you think that … like what was it about choosing what to do improv as well as the directive stuff, 

P:	Improv was good just to I guess get your understanding for the day; how much control you have and movement you have, whether you’ve been tired from your previous training or not

R:	So do you feel like improv was more like a baseline for you?

P:	Yeah, definitely, 

R:	Cool

P:	And then song-learning. So, um yeah we talked about, I think it was a couple of sessions in I asked you what… I told you a little bit about the song learning thing, I could see that you were getting some really good control in your fingers.. um and you knew straight away which song you wanted. Um, then we started learning it. So how was the song learning process for you?

P:	yeah, well initially it was a little bit daunting. I thought “Aw this is gonna be a bit tricky, I’m not very musically inclined, and playing all these keys on the.. I’ll probably have a heart-attack”, but we simplified it quite a bit, or, you simplified it quite a bit and ah, so practice and practicing.. and we finally got there.

R:	Yeah. I don’t even think I really simplified it because you were playing the notes that they play on the recording.. um and then just week by week I just didn’t need to support you as much, did i?

P:	I think every day, or every session that we’ve had, there’s certainly been improvements and I don’t think they’ve been small, I think they’ve been quite substantial.

R:	Is that in any one of those music-making streams, or?

P:	Um, probably in all of them really. It hasn’t really been primarily one or the other I think I’ve made, across the board, a substantial improvement

R:	And, do you think that would’ve been the case had you not done all three music-making streams? Like if you just did one, or two?

P:	Um, probably not. I think each of them taught me something different I think. The improv was just about control and understanding I guess what my body could and couldn’t do, and then the moving of fingers to target and the light as something that I focused I think moreso on my actual control each individual finger 

R:	Yeah

P:	And then putting it all together is essentially the song, so 

R:	Yeah, it kind of, yeah I didn’t think about it like that for you. Was there anything else that you would’ve liked from this music therapy program? 

P:	Nothing, it’s hit the nail on the head.. the objectives were I wanted more individual finger movement and control and same with the wrist and I think we’ve achieved that so I can’t ask for too much more


R:	Nothing else that you would’ve wanted more from? From this?

P:	Nah, I think it’s been great

R:	Yeah cool. And what about the music therapy intervention.. so you’ve don’t song learning, directed improv, and free improv… do you think that there was anything missing from the actual interventions themselves?

P:	Nah I don’t think so, I think they were all pretty well rounded.

R:	Did you feel like um did you have moments of frustration at all when you were learning kind of going through the new phases of them?

P:	No, not at all, not even at the beginning where I had very little movement. I didn’t get frustrated once.. it was good.

R:	Really? Why do think that is?

P:	I dunno, I think maybe you probably have quite a calming voice, and you were very relaxed as well, and quite positive in your good attitude, so think that probably rubs off on which ever patient you’re working with as well 

R:	wow. No-one’s actually said that to me before; “not feeling frustrated”… do you think it comes down to the therapist or the intervention or a combination?

P:	Probably a combination of both I guess… of both the therapist and the however you’re applying your therapy too

R:	Did you ever feel that um I was pushing you too hard, like too far too soon?

P:	No, I don’t think so at all, I think it was generally keeping up with my progressions so, I think you were quite good at identifying where I’m at and when to push and perhaps when not to push but yes it’s been good

R:	And have you found that to be a similar thing across the board for your other therapies?

P:	yeah, I think so. It’s definitely worthwhile and I’d recommend it to whoever has the opportunity to do it, to definitely do it

R:	And thinking about your other therapies, outside of music, do you feel like that, um the therapists are also able to um.. do they push you too much, do they not push you enough, do they find that kind of sweet spot?

P:	Yeah I think they kind of find that sweet spot, I mean they’re dealing with multiple patients as well at once so it’s a bit difficult to get their full attention at all times, but they’re usually quite good at identifying where you’re at and what you need to be doing, and when to push you. 

R:	Um, and let me go back a bit… um is this something that you would recommend to somebody else?

P:	Yeah, definitely

R:	And why is that?

P:	Um I just think, based on the results that I’ve achieved from doing 20 odd sessions, I’d recommend it to anyone. It’s not something that’s overly tiring… it’s effective and you can generally have a good time doing it as well. It’s not something that’s um monotonous basically. 

R:	And, what is it about this that doesn’t make it monotonous?

P:	well if you’re playing, I guess a song, or trying to play a song that you enjoy listening to, it’s a bit of a challenge to get there, and it’s something different every session, where you’re focusing on your finger control, and your wrist control, and then you’re putting it all together to basically play the chorus of a song… so you’ve got little steps every session but overall there’s a big picture that you need to achieve ‘x’.

R:	And so every session, did you feel like you were working towards that big picture?

P:	Yeah, correct

R:	Oh wow

P:	And eventually we got there

R:	We did get there.. and quite strongly too.
	Um, I think I’ve asked you all the questions I wanted to ask you… um the last one is: “when I write up this information in my report, do you want me to use your real name, just your first name?”

P:	Yeah I don’t mind.. whatever is easier for you

R:	What do you prefer? Any is fine

P:	Steve’s a good name, so I think we’ll stick with that.	
			

R:	I think that’s it, thanks heaps Steve

P:	No worries. 
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	Functional activity (upper limb)
	page no.

	This deductive category relates to the participants' recounted explaination of their engagement in upper limb therapy and/or their description of their upper limb functional ability over the course of the intervention period
	

	P: … physically, I felt that it [music therapy] concentrated a lot of the um training of movements to the wrist and fingers which was something I was lacking quite a bit of movement in. So yea, it seemed to have helped in my OT sessions as well.
	1



	Depression
	page no.

	This deductive category refers to the participants' recounted description of the emotions that they have experienced over  the course of the intervention period, leading to explainations that relate to, but are not restricted to, sadness, unhappiness and misery
	



	Anxiety
	page no.

	This deductive category refers to the participants' recounted description of the emotions they have experienced over the course of the intervention period, leading to explainations that relate to, but are not restricted to, worry, unease and apprehension
	

	R: …what do you mean by relaxing?  P: Um, I guess just less anxious for being here because it was something that you were… listening to music or trying to play your own music and ah you're sort of forgetting about what's happening in ah the rest of your life at the moment
	2




	Stress
	page no.

	This deductive category refers to the participants' recounted description of the emotions they have experienced over over the course of the intervention period, leading to explainations that relate to, but are not restricted to, feelings of frustration, agitation and  pressure.
	

	 P: It gets very, I guess stressful trying to comprehend what’s happened to you when your life changes completely overnight, and trying to relax and accept something and come to terms with it just helps when you get there…
	3



	Self-efficacy
	page no. 

	This deductive category refers to the participants' recounted confidence in their capability, which may relate to their described level of confidence, independence and/or perseverence 
	

	P:... It [music therapy] seemed to have helped in my OT sessions as well. R: Yeah? How do you think it helped in your OT sessions? P: It gave me a lot more movement and function very quick. R: Where abouts? P: In my fingers and my wrist.
	1




	Other
	page no.

	This deductive category refers to the participants' recounted description of their experiences that are related to the qualitative research questions, but do not relate to functional activity (upper limb), depression, anxiety, stress or self-efficacy. 
	

	R: …how do you.. Do you feel like engaging in music therapy supported your recovery in a broader sense?  P: Yeah definitely, I think it, um… I was engaging, I guess, mentally and physically
	1
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	Stress
	page no.
	Initial coding - TS
	Supervision discussion with GT
	Final in-vivo code

	This deductive category refers to the participants' recounted description of the emotions they have experienced over over the course of the intervention period, leading to explainations that relate to, but are not restricted to, feelings of frustration, agitation and  pressure.
	
	
	
	

	so mentally it was something different to what we're used to in the gym...It was just mentally engaging.. something different to being in the gym and slugging it out… and I guess involving music, most people are into music and it just makes it quite soothing and relaxing all at the same time.
	1
	It was good to do something different to the gym; something that was quite soothing and relaxing 
	GT: soothing and relaxing… better under stress? Or anxiety?                   
TS update: I will recategorise this under "stress" as that is what I did with another participant who talked about a similar thing (previously under "other")
	It was good to do something different to the gym; something that was quite soothing and relaxing 

	
	
	
	
	



	Self-efficacy
	page no. 
	Initial coding - TS
	Supervision discussion
	Final in-vivo code

	This deductive category refers to the participants' recounted confidence in their capability, which may relate to their described level of confidence, independence and/or perseverence 
	
	
	
	

	P:... It [music therapy] seemed to have helped in my OT sessions as well. R: Yeah? How do you think it helped in your OT sessions? P: It gave me a lot more movement and function very quick. R: Where abouts? P: In my fingers and my wrist.
	1
	Music Therapy gave me a lot more finger and wrist movement and function, which transferred to my OT sessions
	GT: hmm… I would have put this under functional activity?                                        TS update: yes, I agree - this has now been re-categorised under "functional activity"
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Category: Functional Activity (Upper Limb)

Theme: Improvement of the hand was evident on the iPad-based instrument
	Participant ID
	In-vivo code

	14
	I could see and hear the palm of my hand making movement on the iPad

	14
	The pulse at the base of my hand would generate sound on the iPad

	4
	It’s easier to use the instrument, but there isn’t a great change in general

	8
	I can’t move my fingers at home but I can in music therapy


Etc

Category: Self-efficacy

Theme: Feeling hopeful as a result of developing movement
	Participant ID
	In-vivo code

	14
	Seeing more movement in my fingers gave me hope

	14
	Noticing that my muscles were generating sound on the iPad gave me hope

	9
	I felt like I was getting back to my old self when my functionality improved

	14
	I knew that I was recovering when I noticed more movement



Etc



Category: Anxiety

Theme: Playing music helped to reduce anxiety in hospital
	Participant ID
	In-vivo code

	9
	Playing music helped me to feel less anxious whilst in hospital


Etc


Category: Stress

Theme: The music therapy space provided the stroke survivors with down time 
	Participant ID
	In-vivo code

	8
	Not only did music therapy benefit my hand movements, but it also gave me some time out

	8
	Music Therapy has helped me to deal with my mental fatigue 

	7
	Sometimes the physical therapies are too much and I want to escape



Etc

Category: Other


Theme:  The music therapist was patient, gentle and had a positive attitude 

	Participant ID
	In-vivo code

	7
	The music therapist helped me to recover and feel happy 

	7
	I looked forward to music therapy because the therapist was patient and gentle

	7 
	I felt that the music therapist was more gentle and patient, and the other therapies forced me to do things

	9
	The music therapist always put a positive spin on things which helped to break up the monotonous routine of usual therapy 

	9
	Being able to joke with the music therapist brightened up my day

	9
	I didn’t get frustrated once because the music therapist had a calming presence and positive attitude

	9
	The music therapist gave me confidence to feel like I could progress

	9
	The music therapist was good at identifying where I was at and when to push me




Etc
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This chapter will detail my approach to mixed methods analysis using an experimental mixed methods design (Creswell & Plano Clark, 2017). After restating the mixed methods research question, I will discuss my approach to integration specifically in relation to the interpretation and reporting of results. Following a similar format to the quantitative and qualitative findings (Chapters 7 and 8), I will then present the mixed methods results under each key domain (functional activity, depression, anxiety, stress and self-efficacy). 
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Initially developed as part of my clinical work in stroke rehabilitation, I sought to refine and examine the efficacy of the FES+iPad-based music therapy intervention through this doctoral research. My incentive for engaging with this research was to holistically understand the impact of this accessible intervention (Morse, 1991) for stroke survivors who often get overlooked by the medical system. My methodological decisions of the research were thus guided by epistemological pluralism (Miller, Baird, Littlefield, Kofinas, Chapin & Redman, 2008) and the Advaita Vedānta pranamas (epistemologies). 
Guided by the Upamāṇa pranama, comparison was central to the development of my overall question of the research (Jha, 1986): what is the impact of FES+iPad-based music therapy on the upper limb function and wellbeing outcomes of stroke survivors with significant weakness to the upper limb? I then created the research question with which to guide the integration process of the mixed methods analysis. With the qualitative analyses as secondary to the quantitative findings of this study (under the explanatory sequential core design), I created a dependent mixed methods research question: how do the qualitative findings expand upon the quantitative results? 
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	There were three levels of data integration in this study: the study design (see Chapters 3 and 8), the method of qualitative analysis (see Chapter 8), the reporting of the mixed methods results (this chapter), and the interpretation of the mixed methods results (Chapter 10). In this next section, I will detail my approach to integration through the reporting of the mixed methods results. 
My first step toward integration was in organising the main findings from both the quantitative and qualitative data sets. Valuing comparison as a way to knowledge (the Upamāṇa pranama) (Jha, 1986), I chose to focus on the comparative findings by first condensing the results of each data set. Though this condensing process was predominantly influenced by the dependent mixed methods research question, I also considered the quantitative directional hypotheses and the qualitative research questions. The condensed quantitative component included change scores for each group, effect sizes and a written summary of the comparative results. The condensed qualitative component included a summary sentence(s) for each group and the highlighted points of distinction. The summary sentence(s) comprised of the key words and thus concepts of the finalised themes for each domain. Data from the “other” domain (from the qualitative results) were not part of the mixed methods analysis as these themes had no direct relevance to the quantitative directional hypotheses nor the overall research question. However, to adhere to my value of testimony under the pranama of Śabda (Bhawuk, 2011), it was important to collect this information as part of the qualitative analysis. 
Using a joint display table (Creswell & Plano Clark, 2017), I presented the condensed findings for each key domain. Drawing upon the written summaries of both the quantitative results and qualitative findings, I then responded to the mixed methods question for each key domain. Using a weaving technique (Fetters, Curry & Creswell, 2013), I created narrative summaries for each domain that integrated the condensed quantitative results and qualitative findings. Through this process, I drew upon exemplar quotes (qualitative) to further expand these summaries and thus expand upon the quantitative results. In this way, “the results [were] connected to each other, and the qualitative and quantitative data weave[d] back and forth around similar themes or concepts” (Fetters, Curry & Creswell, 2013, p. 2150). This purposeful approach to integration helped me to arrive at a more holistic understanding of the impact of the FES+iPad-based music therapy intervention for each key domain (Shorten & Smith, 2017). 
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	In this next section, I will present the mixed methods results for each domain. These results will weave the quantitative results and qualitative findings through narrative reflection. Drawing upon themes, exemplar participant quotes and clinically meaningful changes, I responded to the mixed methods question for each domain by exploring how the qualitative findings expanded upon the quantitative results. The condensed findings for which these results reference are presented in the corresponding joint display table for each domain. 
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Separately, the quantitative and qualitative analyses identified benefits of the FES+iPad-based music therapy intervention on the functional activity (upper limb) domain (Table 1). The qualitative findings provided further insight to the clinically meaningful quantitative effects of the intervention through intervention participant reflections about how music was an incentive for their continued engagement in therapy.  In particular, they found that the rhythmic aspect of the music therapy intervention was “helpful”. This was further exemplified through the reflection that following a beat was important for progress as “it creates that point of achievement” (Participant 9). 
Motivation was likely a key mechanism for differences seen in functional improvement between the two groups. Further insight into the greater mean change scores noted for the intervention participants were exemplified through the contrasting themes of “music was the incentive to try harder” (intervention group) and “computer game interventions are not enjoyable” (control group). Further, a control participant reflected that they “don't’ particularly like” one of the usual therapy methods (Participant 11), whilst an intervention participant reflected that “without it [music] maybe you[’re] not pushing so hard… with the music there: Oh I want to reach it to make it sound” (Participant 7).
Insight into the differences in functional improvement was provided through participant reflections on their progress. Several control participants felt that they only achieved partial improvements in hand control. In contrast, intervention participants described how they felt the music intervention had led to functional improvement: 
“I think it’s [music therapy] helped me with generally with a lot more control of my hand… and being able to use my hand a lot more than what I could before. It was sort of like a limb that was attached to me that I didn’t really use and now I can functionally get dressed a lot easier, I can do my zipper up on my jumper, I’ve been able to put my shoes and socks on my own, shower on my own… so functionality has been awesome” (Participant 9)
Participants also described the targeted nature of how the FES+iPad-based music therapy intervention “concentrated a lot of the training of movements to the wrist and fingers” (Participant 9). This focus on fine motor movements perceived by participants in the intervention group, and provided by the intervention itself, further explicates the improvements in function shown in the quantitative outcome measures.
























Table 1.
Functional activity (upper limb) joint display table
	Quantitative
	
	Qualitative

	
	
How do the qualitative results expand upon the quantitative findings?

	Measure
	Control change score
(T1-T0)
	Intervention change score
(T1-T0)
	Effect size


	Summary
	
	Control summary sentence(s)
	Intervention summary sentence(s)

	Points of distinction
	
	

	MAS-UL
MMT-UL
9HPT
Grip dynamometry



	2.75 (2.49)
3.50 (2.56)
0.04 (0.10)
-0.10 (1.90)
	4.83 (5.71)
6.83 (5.23)
0.09 (0.21)
3.58 (5.31)
	0.50b
0.85a
0.32c
0.99a
	On the different measures of functional activity, the effect sizes ranged from small to large, in favour of the intervention group. Clinically meaningful changes were identified for the primary outcome measure (MAS-UL) and other included measures (MMT-UL and grip dynamometer). 

	
	Importance was placed on connecting the brain to observable movement, which was motivating. Computer game interventions were not enjoyable. Though upper limb strength improved, hand function was only partial.
	The musical intervention acted as a self-assessment, led to improvement of the upper limb and incentivised engagement in therapy. Engagement was challenging without music. 

	The intervention group spoke about an improvement in functional outcomes (in relation to the wrist and fingers), in contrast to the reflections of the control group who indicate that their resulting hand function is only partial. 

The intervention group emphasised how various musical elements of their treatment were important to their engagement and progress, whilst one participant from the control group said that one particular intervention (computer games) was not enjoyable. 

The intervention group described music-making as a self-assessment of function. There were no comparable comments around self-assessment of function from control group participants.

	
	Intervention participants provided further insight for differences in functional improvement by discussing how musical elements were important for engagement, motivation and monitoring progress. They also identified that functional improvement was noted in their wrist and fingers. Control participants identified partial improvement in function. 
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	Though a reduction in depression scores was identified for both groups, it was not immediately clear if or how the qualitative findings provided a deeper understanding for this (Table 2). There were no reflections on themes relating to depression from intervention participants, however control participants discussed themes of suicide, mental drain, loss of independence, feelings of negativity and self-pity. As the control participants’ level of depression improved slightly more than that of the intervention participants (g = 0.27), the qualitative findings may further expand upon this result through the only reflected point of distinction: the number of reported themes. That is; while there were five reported themes of depression for control participants, there were none for the intervention group.



Table 2.
Depression joint display table

	Quantitative
	
	Qualitative

	
	
How do the qualitative results enhance the quantitative findings?

	Measure
	Control change score
(T1-T0)
	Intervention change score
(T1-T0)
	Effect size
	Summary
	
	Control summary sentence(s)
	Intervention summary sentence(s)

	Points of distinction
	
	

	DASS-21 (depression)



	-4.25 (10.33)
	-2.00 (4.73)

	0.27
	There was a small effect on depression scores in favour of the control group
	
	Feelings of suicidal ideation, mental drain, self-pity and the devastation of losing independence.

	n/a
	There were no reported themes about depression for the intervention group, whereas there were five themes under the category of depression for the control group.

	
	There was no further insight into the quantitative results based upon the qualitative findings as the control participants reflected about their challenges associated with depression whilst intervention participants did not reflect upon themes related to depression. 
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Separately, the quantitative and qualitative results identified benefits of the FES+iPad-based music therapy intervention on anxiety (Table 3). Although anxiety scores for both groups were within normal ranges, the intervention group anxiety scores reduced more than the control group from pre to post intervention (g=0.37). The qualitative results provide some insight into this small effect, with a subtle difference in themes related to anxiety: for the intervention group it was reducing anxiety but for the control it was managing anxiety.
One intervention participant reflected upon how musical engagement helped to reduce their anxiety whilst in hospital:
“Um, I guess just less anxious for being here because it was something that you were… listening to music or trying to play your own music and ah you’re sort of forgetting about what’s happening in ah the rest of your life at the moment” (Participant 9)
Whilst one control participant reflected that support from others helped with the management of anxiety:
“I personally have anxiety at night… once the nurses start doing their final inspections or whatever at night, I start to get anxiety… The hospital offered me the assistance of clinical psychologist and they’ve helped with strategies” 
(Participant 10)


Table 3.
Anxiety joint display table

	Quantitative
	
	Qualitative

	
	
How do the qualitative results enhance the quantitative findings?

	Measure
	Control change score
(T1-T0)
	Intervention change score
(T1-T0)
	Effect size
	Summary
	
	Control summary sentence(s)
	Intervention summary sentence(s)

	Points of distinction
	
	

	DASS-21 (anxiety)



	-1.50 (5.53)
	-3.33 (3.93)

	0.37 c
	There was a small effect of the FES+iPad-based music therapy intervention on anxiety scores in favour of the intervention group
	
	Anxiety was triggered by waiting for help or repeated hospital admissions. Hope was important, and support from others helped.

	Playing music helped reduce anxiety
	There were four themes under the category of anxiety for the control group, but only one for the intervention group. 

Though themes for both groups indicated supportive approaches for anxiety, control group themes referenced support from others to help manage anxiety, whereas one intervention participant felt that playing music helped to reduce anxiety. 

Control group themes indicated certain triggers to their experience of anxiety. One control participant referenced the need to hold on to hope. 

	
	Intervention participants provided further insight for their marginally larger differences in anxiety improvement by discussing how playing music helped to reduce anxiety, whilst control participants shared how support from others helped with the management of anxiety. 
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There were similar change scores and qualitative themes for the stress domain between the control and intervention group (Table 4). Participants from both groups provided similar reflections about managing stress in terms of ‘taking a break’ from therapy. Qualitative results pertaining to managing stress were described in terms of “relaxation” (intervention) and “time off” (control): an intervention participant shared that the music therapy sessions have “benefit in relaxing me and giving me some time out …” (Participant 8), and one control participant shared that “…sometimes I need… I just need some time off” (Participant 10). Though there was no notable difference between groups on changes in stress as measured by the DASS (g = 0.02), control group themes referenced frustration relating to their inability to complete a movement and the importance of moving past frustration, whilst intervention group themes did not reference frustration.


Table 4. 
Stress joint display table

	Quantitative
	
	Qualitative

	
	
How do the qualitative results enhance the quantitative findings?

	Measure
	Control change score
(T1-T0)
	Intervention change score
(T1-T0)
	Effect size
	Summary
	
	Control summary sentence(s)
	Intervention summary sentence(s)

	Points of distinction
	
	

	DASS-21 (stress)



	-3.50 (10.78)
	-3.33 (4.32)
	0.02
	There was no effect of of the FES+iPad-based music therapy intervention on stress scores between groups
	
	Though inability to complete a movement is frustrating, it is important to take a break and move past frustration.
	Music promoted relaxation and a space for down time.

	Under the stress domain, control group themes emphasised frustration, and needing to take breaks to manage this whereas the intervention group themes focused on the way in which music therapy had offered support. 



	
	With similar change scores and thus no difference noted between conditions, intervention participants reflected about relaxation whilst control participants talked about needing to take breaks to manage frustration. 
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There were similar change scores and qualitative themes for the self-efficacy domain (Table 5). Participants from both groups provided subtly different reflections about hope and improvement. There was no notable difference between groups on changes in self-efficacy scores (g = 0.06). Qualitative results suggested that hope was related to feelings of self-efficacy. Intervention participants described feeling hopeful as a result of improvement, whilst the control participants reflected upon the importance of hope for continued improvement.


Table 5.
Self-efficacy joint display table 

	Quantitative
	
	Qualitative

	
	
How do the qualitative results enhance the quantitative findings?

	Measure
	Control change score
(T1-T0)
	Intervention change score
(T1-T0)
	Effect size
	Summary
	
	Control summary sentence(s)
	Intervention summary sentence(s)

	Points of distinction
	
	

	SSEQ
	33.88 (27.99)

	32.50 (12.00)
	0.06
	There was no effect of of the FES+iPad-based music therapy intervention on self-efficacy scores between groups
	
	It felt good to work hard and see functional improvement, with hopes for it to continue. However, there were also challenges associated with recovery, functional loss, independence and a yearning for normality.
	Feeling hopeful, happy and a sense of achievement as a result of the music therapy program. Though there was initial doubt about the music therapy program, progress eventuated.
	The intervention group themes focused on self-efficacy from a positive lens, i.e.: feeling a sense of progress, whilst the control group themes suggested a sense of striving, i.e.: the difficulty of not being completely independent. 

Control group themes identified the challenge of acceptance and a yearning for normality, whilst intervention group themes described feeling happy and a sense of achievement. 

The control group offered reflections about hard work and self-support.

	
	With similar change scores and thus no difference noted between conditions, both groups talked about hope and improvement, but from slightly different perspectives.
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	In seeking to respond to the mixed methods research question (how do the qualitative findings expand upon the quantitative results?), the above analysis indicates that this is different across domains. The stress and self-efficacy domains had similar change scores noted for both groups as well as similar themes explored through participant reflection. There was thus no further insight found on these domains. Further, with no reported depression themes from the intervention group, it was not possible to expand upon the quantitative results. However, further insight of the upper limb functional activity and anxiety domains were found. The qualitative findings provided further insight into the quantitative differences in functional improvement, specifically in relation to how musical elements were important for engagement, motivation and progress. The marginally larger differences in anxiety improvement were expanded through intervention participant themes reflecting upon a reduction in anxiety due to musical engagement. 
	To contextualise the mixed methods findings, it is important to also return to the overall question of the research: What is the impact of FES+iPad-based music therapy on the upper limb function and wellbeing outcomes of stroke survivors? The mixed methods findings of this study highlight that there are possible benefits of the FES+iPad-based music therapy intervention for the stroke survivors’ upper limb functional activity and overall experience of anxiety.
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This chapter presented the results of the mixed methods analysis for this pilot randomised controlled trial. A joint display table was used to collate and present the quantitative and qualitative data of each domain before responding to the mixed methods research question through narrative reflections. The next chapter will present the discussion of the results and suggested considerations for future research.  
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The next chapter will present a detailed discussion of the mixed methods findings. As the final chapter of the thesis, limitations of the research and recommendations for future research will be explored before conclusions for the efficacy of FES+iPad-based music therapy are drawn.
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The aim of this mixed methods pilot randomised controlled trial was to examine the holistic impact of a novel intervention (FES+iPad-based music therapy) on the upper limb function and wellbeing outcomes of stroke survivors with significant weakness to their upper limb. Included stroke survivors were randomised to receive usual treatment only or the FES+iPad-based music therapy intervention as an addition to usual treatment. Given the previously documented individual benefits of each component central to this intervention (music therapy, FES and tablet technology), my initial plan was primarily to only support the functional recovery of the stroke survivor’s upper limb (Silveira et al., 2018). In recognising the multiple benefits of therapeutic music-making (Sarkamo, 2017), I refined the intervention to simultaneously address both goals of upper limb function and wellbeing (Silveira et al., 2020) (see Chapter 4). 
In this final chapter of my thesis, I will present a detailed discussion of each key domain. I will then discuss the acceptability of the FES+iPad-based music therapy intervention by drawing upon the participants’ reported engagement. The limitations of this study and considerations for future research will then be explored. Following this, I will detail the recommendations of the FES+iPad-based music therapy intervention for stroke survivors, music therapists, allied health clinicians and policy. I will end this chapter, and thus this thesis, by offering my concluding comments regarding the FES+iPad-based music therapy intervention, as the clinician-researcher. 
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This research sought to examine the impact of FES+iPad-based music therapy on the upper limb function and wellbeing of stroke survivors. In valuing comparison as the way to knowledge acquisition, the Upamana pranama (epistemology) guided my methodological decision to first compare the data sets between conditions. The quantitative data were used to compare the mean change scores, confidence intervals and effect sizes (Hedges’ g) of between group differences, and the qualitative data were compared by highlighting points of distinction between the finalised themes. When responding to the mixed methods research question (how do the qualitative findings expand upon the quantitative results?), the qualitative findings gave further insight to the quantitative results by suggesting that the musical component of the FES+iPad-based music therapy intervention greatly contributed to the stroke survivors’ improvement in upper limb function and anxiety. 

[bookmark: _Toc95061023][bookmark: _Toc95061267][bookmark: _Toc95282636][bookmark: _Toc95283169][bookmark: _Toc95284890][bookmark: _Toc95380224][bookmark: _Toc95380571][bookmark: _Toc95380919][bookmark: _Toc95658944][bookmark: _Toc95659298][bookmark: _Toc97540353][bookmark: _Toc97541410]The Key Domains
	Based upon the standardised measures of assessment, five key domains were identified as central to this study: functional activity of the upper limb, depression, anxiety, stress and self-efficacy. These domains were then used as the basis for integrating the data sets through narrative reflection. The findings of the mixed methods analysis, through narrative reflection, provided a holistic understanding of the impact of the FES+iPad-based music therapy intervention for stroke survivors across each domain. 
I will now discuss the mixed methods findings for each key domain by responding to the overall question of the research (what is the impact of FES+iPad-based music therapy on the upper limb function and wellbeing of stroke survivors?). I will also relate these findings to existing literature and conclude the discussion of each domain by exploring the clinical implications and recommendations of the FES+iPad-based music therapy intervention. 

[bookmark: _Toc95061024][bookmark: _Toc95061268][bookmark: _Toc95282637][bookmark: _Toc95283170][bookmark: _Toc95284891][bookmark: _Toc95380225][bookmark: _Toc95380572][bookmark: _Toc95380920][bookmark: _Toc95658945][bookmark: _Toc95659299][bookmark: _Toc97540354][bookmark: _Toc97541411]Domain One: Functional Activity of the Upper Limb
Participants who received the FES+iPad-based music therapy intervention, as an addition to usual therapy, had better upper limb outcomes after the four-week intervention period. Specifically, the quantitative data indicated that there were clinically meaningful changes in upper limb strength across the standardised measures of activity (upper limb items of the Motor Assessment Scale) and strength (grip dynamometry and the upper limb items of the Manual Muscle Test) for the intervention participants. The qualitative findings gave further insight to the clinically meaningful quantitative results through participant reflections on how specific musical elements were important for progress, motivation and overall functional improvement. 
[bookmark: _Toc95061274][bookmark: _Toc95283176][bookmark: _Toc95284897][bookmark: _Toc95380231][bookmark: _Toc95380578][bookmark: _Toc95380926][bookmark: _Toc95658951][bookmark: _Toc95659305]This finding is congruent with previous research as it recognises that musical instrument playing is motivating for stroke survivors (van Wijck et al., 2012). Further, in combining a conventional approach (FES) with non-conventional approaches (tablet technology and music therapy), the resultant improvement in upper limb function is congruent with the previously documented individual benefits of FES (Eraifej, Clark, France, Desando & Moore, 2017), tablet technology (White, Janssen, Jordan & Pollack, 2013) and musical instrument playing (García-Casares, Torres, Walsh & González-Santos, 2013) on the upper limb function of stroke survivors. Further, as FES+iPad-based music therapy was delivered alongside usual treatment, the benefit of its implementation also aligns with the recommendation for a multidisciplinary approach to upper limb rehabilitation, as indicated in the Clinical Guidelines for Stroke Management (Stroke Foundation, 2022). 
[bookmark: _Toc97540355][bookmark: _Toc97541412]Functional improvement of the wrist and fingers. Intervention participants indicated that they perceived improvement in their upper limb function to be at the wrist and fingers, whilst control participants shared that their upper limb function was partial. Though musical elements of the intervention were identified as important to this outcome, the actual focus of the FES+iPad-based music therapy intervention may have also contributed. With clear parallels to piano playing technique, the FES+iPad-based music therapy intervention targeted the rehabilitation of movement to the wrist and fingers (i.e.: the hand). Therefore, the stroke survivor was encouraged to explore the limits and possibilities of their hand function for each music-making stream (free improvisation, directed improvisation and song learning) (Silveira et al., 2020). 
Contrasting to current practice in clinical rehabilitation programs, the FES+iPad-based music therapy intervention focused on the rehabilitation of the stroke survivors’ hand, even if there was no presenting movement. The recommended interventions for stroke survivors with significant upper limb weakness prioritise the rehabilitation of gross motor movement (e.g. shoulder movement, arm swing, etc) over fine motor movement (e.g. finger extension/flexion, etc). The main reason for this is that stroke survivors with significant upper limb weakness are generally not able to engage in fine motor rehabilitation exercises due to their lack of presenting movement. Therefore, allied health clinicians generally encourage stroke survivors to engage in fine motor exercises only when initial hand movement is present.
As per the intervention protocol, the facilitating music therapist tailors the FES+iPad-based music therapy intervention to the stroke survivor’s presenting ability (Silveira et al., 2020). This presenting ability was different between participants and also varied with the inclusion of electrical stimulation. For example: there were participants who had some active movement in the wrist/fingers without electrical stimulation, whilst others only had some active movement with electrical stimulation. Further, some participants did not have any presenting active movement at the wrist and/or fingers, regardless of electrical stimulation use, in the earlier sessions. For stroke survivors with no active hand movement, I programmed the iPad-based instrument with multiple octaves of notes so that it could capture any subtle movements, and thus their “presenting ability” (Silveira et al., 2020). In this way, the “presenting ability” of the stroke survivor may not be obvious to the naked eye – for example: a stroke survivor’s presenting ability could be subtle muscle contractions in their hand. With this in mind, I encouraged the stroke survivor to ensure that their hand had more physical contact with the iPad-based instrument (e.g. the palm of the hand would be spread on the iPad screen) to increase the potential for providing auditory and visual feedback from the flickers of muscle activation in various parts of the hand (e.g. at the base of the hand and/or at the finger tips). When using this approach, the auditory and visual output of the iPad-based instrument would increase: i.e. a greater variety of notes would rhythmically sound and this would span the area of the iPad covered by a participant’s hand. For some participants, the combination of electrical stimulation and their concentration of movement led to more flickers of muscle activation and thus greater variation of sounds created on the iPad. For other participants, sound creation was a result of their independent muscle activation, whereby their concentration of movement, alone, would result in the variation of sounds played on the iPad-based instrument (without the electrical stimulation). By increasing the contact area of the hand on the iPad-based instrument, the stroke survivors were able to hear and see the subtle muscle contractions from their hand without having to make large movements in the hand itself. This type of engagement fell within the “free improvisation” stream of the intervention protocol (Silveira et al., 2020). As the sessions progressed, these stroke survivors were then able to engage the wrist and fingers in more task-specific and repetitive exercises as per the directed improvisation and song learning streams of music-making (Silveira et al., 2020). By the end of the intervention period, all participants who engaged in this process had some form of active movement at the wrist and/or in one or more of their fingers. 
Previous research indicates that there are marked improvements in the speed and precision of hand movement for stroke survivors who engage in music-making interventions (Altenmüller, Marco-Pallares, Münte, & Schneider, 2009; Schneider et al., 2007). However, the post and follow up assessments examining the speed and precision of movement of the hand (the advanced hand activities component of Motor Assessment Scale and the 9-hole-peg-test), show no benefits of the FES+iPad-based music therapy intervention. A possible explanation for this different result may be that the FES+iPad-based music therapy intervention only included stroke survivors with significant upper limb weakness. When examining the efficacy of musical instrument playing for post-stroke upper limb rehabilitation, previous studies only included stroke survivors with some presenting hand function (Huang et al., 2021). The limited to nil presenting movement of the intervention participants, central to the examination of FES+iPad-based music therapy, did not exclude nor deter their engagement in music-making. Rather, the combination of technology with conventional and non-conventional approaches not only gave the stroke survivor an avenue to engage in repetitive and task-specific fine motor training through music-making, but it also resulted in greater overall improvement in upper limb strength and functional activity when delivered alongside usual therapy. 
[bookmark: _Toc95061275][bookmark: _Toc95283177][bookmark: _Toc95284898][bookmark: _Toc95380232][bookmark: _Toc95380579][bookmark: _Toc95380927][bookmark: _Toc95658952][bookmark: _Toc95659306][bookmark: _Toc97540356][bookmark: _Toc97541413]Engagement and motivation. Intervention participants further expanded upon their functional improvement by highlighting their positive engagement with musical instrument playing. This was congruent with the previously documented research on how stroke survivors feel intrinsically motivated to engage with music-based exercises, which in turn may lead to better functional improvement of the upper limb (Grau-Sanchez, et al., 2018). 
The contrasting reflections regarding motivation for therapy between intervention and control participants, seemed to relate to the musical component of the FES+iPad-based music therapy intervention. Whilst intervention participants spoke about the positive influence of musical elements on their engagement with the FES+iPad-based music therapy intervention, one control participant reflected their challenges of engaging with a particular usual treatment intervention: computer games. Though previous research has identified the benefits of interactive gaming for upper limb rehabilitation (Turolla et al., 2013), more research exploring the acceptability of these interventions, from the perspective of stroke survivors, is required. Even though other participants did not discuss their specific usual treatment interventions, one of the themes from the intervention participants alluded to a comparison: “Exercises were more challenging without the musical component”. As the musical component of the FES+iPad-based music therapy intervention was central to its implementation (Silveira et al., 2020), this particular theme has implications for the comparison of the intervention to usual therapy. Further, the intervention participants’ positive reflections on the musical component of this intervention offer a potential solution for the identified challenge to provide post-stroke rehabilitation exercises with sufficient sensory feedback to motivate continued engagement (Van Wijck, Dodds, Cassidy, Alexander & McDonald, 2011). 
The importance of musical elements. Intervention participants reflected upon how the various musical elements of the FES+iPad-based music therapy intervention were important for their engagement, motivation and functional recovery. The particular themes supporting the benefit of musical elements related to the importance of following a beat, having music as an incentive to try harder, and the place that music had in strengthening the connections from the brain to the hand. The participants’ reflections on the benefits of following a beat highlight the importance of temporal, force and spatial cues in guiding and thus training functional movement patterns, as per the guiding principles of Neurologic Music Therapy (Thaut, 2005). Similar to the “tap tempo” paradigm whereby movement is cued by an auditory stimulus as the stroke survivor creates a sound simultaneously (van Wijck et al., 2012), these cues, in conjunction with the physical act of playing an instrument, gave the participant a target to work towards, thus incentivising and motivating their repetitive practice of the same movement. When examining the music-making intervention protocols of previous research, combining an auditory cue (e.g. a metronome) with a musical output (e.g. the playing of an instrument) can lead to greater reported motivation for continued engagement in active music-making (Street et al., 2015). In their feasibility study, Street and colleagues (2015) included semi-structured interviews, both pre and post the intervention period, so that participants could share their expectations of treatment, as well as describe their experience of the treatment process (Street et al., 2018). Similar to our study, Street and colleagues’ participants were initially sceptical of the music-making process and thought that it would be challenging, however later reported the process to be motivating (Street et al., 2018). The participants of Street and colleagues’ (2018) study also identified that they felt supported in their therapy because of the facilitating music and the instruments used. Street and colleagues (2015) based music-making upon the neurologic music therapy technique “Therapeutic Instrumental Music Performance”, which was also the basis of the music-making streams developed as part of the FES+iPad-based music therapy intervention protocol (Silveira et al., 2020). Another similarity between the intervention protocol of Street and colleagues (2015) and the FES+iPad-based intervention protocol was the inclusion of an auditory prompt: the auditory prompt of FES+iPad-based music therapy was through the use of a metronome, guitar accompaniment and/or sung/spoken instructions (Silveira et al., 2020), and the auditory prompt for the intervention central to Street and colleagues (2015) work was verbal and through the singing of instructions. One point of difference that could potentially indicate the holistic impact of the musical elements central to FES+iPad-based music therapy is that the stroke survivors engaged with FES+iPad-based music therapy were also encouraged to engage in free improvisation without any auditory prompt (i.e.: no metronome, no instruction, etc) and thus with boundless parameters. This differed to the intervention protocol central to Street and colleagues (2015, 2018), as all musical approaches had clear instructions and some form of auditory cuing (e.g. verbal instruction, sung instruction, metronome, facilitating music, etc). Therefore, the benefits of non-verbal expression through the free improvisation music-making stream of FES+iPad-based music therapy may have further contributed to the stroke survivors’ descriptions of the importance of musical elements. 
The intervention participants’ reflection of a strengthened connection from the brain to the hand is supported by the concept of audio-motor coupling whereby the desired outcome is to connect the hand movement(s) with the brain through an auditory experience (Hanneton, Hoellinger, Forma, Roby-Brami & Auvray, 2020). These neuroscientific and musical elements of the intervention, along with the therapists’ encouragement, also supported and motivated participants to continue independent practice of specific musical exercises between formalised therapy sessions. Though most participants did not have access to an iPad-based instrument, many of them engaged in independent mental practice of the same exercises.
[bookmark: _Toc95061276][bookmark: _Toc95283178][bookmark: _Toc95284899][bookmark: _Toc95380233][bookmark: _Toc95380580][bookmark: _Toc95380928][bookmark: _Toc95658953][bookmark: _Toc95659307][bookmark: _Toc97540357][bookmark: _Toc97541414]Mental practice. Previous research suggests that when delivered in conjunction with conventional rehabilitation, mental practice may support stroke survivors with their functional recovery (Barclay et al., 2020).  Participants in this study were encouraged to engage with independent practice between sessions, either through “physical practice” and/or “mental practice” (see Chapter 5). With limited access to an iPad, most intervention participants engaged with mental practice of specific music-based exercises. Though the reported amount of mental practice varied between participants, it is possible that their engagement with independent mental practice may have contributed to their overall functional recovery. As the participant’s mental practice was based upon specific and targeted exercises, they were engaging the same musculature required for the physical practice of the same tasks through this process (Barclay, Stevenson, Poluha, Semenko & Schubert, 2020; Page, Levine, & Hill, 2015). Barclay and colleagues (2020) sought to evaluate the efficacy of mental practice as part of post-stroke upper limb rehabilitation in a recent Cochrane review and found that it is beneficial when delivered alongside other treatments (Barclay et al., 2020). The majority of studies included in this review were based upon the comparison of conventional interventions alone versus mental practice as an addition to conventional interventions (14 studies) (Barclay et al., 2020). Though there were no studies looking at the impact of mental practice in combination with non-conventional approaches such as music therapy, there is likely similar positive impacts on functional recovery as previous research indicates that mental practice also promotes motor anticipation in musicians (Bernardi, De Buglio, Trimarchi, Chielli & Bricolo, 2013). 
[bookmark: _Toc95061277][bookmark: _Toc95283179][bookmark: _Toc95284900][bookmark: _Toc95380234][bookmark: _Toc95380581][bookmark: _Toc95380929][bookmark: _Toc95658954][bookmark: _Toc95659308][bookmark: _Toc97540358][bookmark: _Toc97541415]The accessible nature of FES+iPad-based music therapy. Through a combined approach informed by multiple disciplines, the FES+iPad-based music therapy intervention was made accessible for stroke survivors who had limited upper limb function. As previous research examining the efficacy of musical instrument playing as part of post-stroke upper limb rehabilitation has excluded this subset of stroke survivors (Silveira et al., 2020), this doctoral study recognised the need for more accessible approaches, and thus aimed to address this gap in the literature. I chose to use an iPad-based instrument in order to utilise the touch sensitive mechanisms of tablet technology (Silveira, Tamplin, Dorsch & Barlow, 2018) as traditional instruments (such as a piano) would not be accessible for stroke survivors with limited upper limb strength and activity. To be able to play a traditional instrument such as a piano, the stroke survivor would be required to have enough arm strength to lift their arm (from the elbow) to be above their waist, raise their wrist up (wrist extension) and actively move their fingers and thumbs. As the stroke survivors central to this study had limited movement in the entire upper limb, and thus were not able to move their arm, fingers and wrist, it was not feasible nor appropriate to encourage them to engage in playing an inaccessible instrument such as the piano. Though I considered the use of a touch sensitive keyboard, this too required a level of strength at the wrist and fingers that was not apparent for these stroke survivors. Further, the added complication of the keyboard was in finding the appropriate positioning for the stroke survivor to optimise their engagement. After initially trialling a keyboard with a stroke survivor as part of my clinical work (Silveira, et al., 2018), I very quickly realised that it was challenging to give the stroke survivor enough upper limb support as they attempted to engage with playing the keyboard, and, if the stroke survivor managed to touch a key, they did not have enough strength to produce a sound (i.e. the key would not press to the extent that it needed to result in sound). The iPad-based instrument then became an appropriate alternative to the keyboard as the stroke survivor required minimal strength across their upper limb, and the device itself was small enough to be re-positioned according to the stroke survivors individual needs.  The inclusion of the electrical stimulation offered further support to the upper limb by contracting the muscles required for wrist and finger extension. Once in this position, many of the participants were then able to engage in active music-making processes. The combination of the iPad-based instrument with electrical stimulation supported the stroke survivors in making desirable movements in the hand. With support offered to the wrist and fingers via electrical stimulation, the stroke survivors were more able to actively create music on the touch sensitive iPad-based musical instrument by raising, lowering and sliding their fingers, thumb and/or wrist. In this way, electrical stimulation allowed the stroke survivors to engage in active music-making on the iPad with less hands-on assistance from the therapist (myself). Supporting functional recovery of the upper limb, the impact of this combined, accessible approach was congruent with the well documented benefits of electrical stimulation (Eraifej et al., 2017), tablet technology (White et al., 2013) and musical instrument playing (García-Casares et al., 2013) on post stroke upper limb rehabilitation.  
[bookmark: _Toc95061027][bookmark: _Toc95061278][bookmark: _Toc95282640][bookmark: _Toc95283180][bookmark: _Toc95284901][bookmark: _Toc95380235][bookmark: _Toc95380582][bookmark: _Toc95380930][bookmark: _Toc95658955][bookmark: _Toc95659309][bookmark: _Toc97540359][bookmark: _Toc97541416]Clinical Implications and Recommendations 
 FES+iPad-based music therapy has clinical implications for the impact of combining approaches informed by multiple disciplines, musical engagement and hand rehabilitation.
[bookmark: _Toc95061279][bookmark: _Toc95283181][bookmark: _Toc95284902][bookmark: _Toc95380236][bookmark: _Toc95380583][bookmark: _Toc95380931][bookmark: _Toc95658956][bookmark: _Toc95659310][bookmark: _Toc97540360][bookmark: _Toc97541417]A combined approach informed by multiple disciplines. The resultant improvement in functional recovery of intervention participants demonstrates the importance of creating accessible and collaboratively inspired interventions. If this approach to development and implementation was not taken, stroke survivors with significant upper limb weakness would not have been able to engage in the process of music-making. Contrasting to previous research, the FES+iPad-based music therapy intervention prioritised, rather than excluded, stroke survivors with limited upper limb function. In recognising that these intervention participants had greater improvement in functional recovery, it is important for clinicians to consider innovative approaches that are informed by multiple disciplines.
[bookmark: _Toc95061280][bookmark: _Toc95283182][bookmark: _Toc95284903][bookmark: _Toc95380237][bookmark: _Toc95380584][bookmark: _Toc95380932][bookmark: _Toc95658957][bookmark: _Toc95659311][bookmark: _Toc97540361][bookmark: _Toc97541418]Maximising engagement through music. Intervention participants described the way in which various musical elements of FES+iPad-based music therapy resulted in their continued engagement and thus clinically meaningful changes in functional improvement. This insight is important to consider when facilitating therapy as previous research indicates the challenge clinicians have in finding meaningful tasks that provide enough sensory feedback to motivate and engage stroke survivors in therapy (van Wijck, et al., 2012). In seeking to address this reported challenge of providing adequate sensory feedback in therapy, the FES+iPad-based music therapy intervention was centred upon audio-motor coupling (Hanneton, Hoellinger, Forma, Roby-Brami & Auvray, 2020) and thus led to the continued task-specific repetitive practice of movement necessary for strengthening the damaged neural pathways from the brain to the hand (Hubbard, Parsons, Neilson, & Carey, 2009). The functional gains of the intervention participants exemplify that music has a unique role in improving post-stroke upper limb function, as indicated by previous research in this area (Tong et al., 2015). 
Existing literature reports the benefits of music-supported therapy when provided by a range of health professionals (Rodriguez-Fornells et al., 2012). However, music-supported therapy primarily targets physical recovery as the clinicians delivering it only provide instructions for the rehabilitation of movement and do not musically interact with the stroke survivors in the process. As the “musical elements” of the FES+iPad-based music therapy intervention also included live guitar accompaniment and musical interaction provided by a credentialed music therapist, it is important to consider the additional benefit of music therapy facilitation. Through the shared musical experience, a music therapist may offer more musical cues to support the movement of the stroke survivor, to help extend their time engaged in therapy and/or to validate their non-verbal expression. Therefore, the facilitation of post-stroke music-making interventions by a music therapist may lead to greater engagement and better outcomes. 
[bookmark: _Toc95061281][bookmark: _Toc95283183][bookmark: _Toc95284904][bookmark: _Toc95380238][bookmark: _Toc95380585][bookmark: _Toc95380933][bookmark: _Toc95658958][bookmark: _Toc95659312][bookmark: _Toc97540362][bookmark: _Toc97541419]Hand rehabilitation. The focus on hand rehabilitation, as part of the FES+iPad-based music therapy intervention, led to better functional recovery for intervention participants. This approach was in contrast to current trends in clinical rehabilitation for stroke survivors to first regain gross motor movement function before engaging with fine motor exercises. This trend is likely based upon the fact that there are limited options for hand rehabilitation exercises for stroke survivors who do not display active movement. Therefore, clinicians should consider supporting both gross and fine motor rehabilitation of stroke survivors through innovative interventions, regardless of the level of presenting movement. 

[bookmark: _Toc95061028][bookmark: _Toc95061282][bookmark: _Toc95282641][bookmark: _Toc95283184][bookmark: _Toc95284905][bookmark: _Toc95380239][bookmark: _Toc95380586][bookmark: _Toc95380934][bookmark: _Toc95658959][bookmark: _Toc95659313][bookmark: _Toc97540363][bookmark: _Toc97541420]Domain Two: Depression
The mixed methods findings from this study provided little further insight into the potential benefits of music therapy to address post-stroke depression. However, baseline depression scores for the overall cohort are in line with previous studies indicating the high prevalence of depression for stroke survivors (Hackett & Pickles, 2014).
[bookmark: _Toc95061030][bookmark: _Toc95061287][bookmark: _Toc95282643][bookmark: _Toc95283189][bookmark: _Toc95284910][bookmark: _Toc95380244][bookmark: _Toc95380591][bookmark: _Toc95380939][bookmark: _Toc95658964][bookmark: _Toc95659318][bookmark: _Toc97540364][bookmark: _Toc97541421]Discussion of the Depression Domain Results
	In the context of Anupalabdi pranama (epistemology), the non-existence of an occurrence is recognised as a form of negative or cognitive proof (Lochtefeld, 2002). In this way, the absence of themes related to depression from the intervention participants may indicate that depression was not a major issue for them. Though this contrasts with the quantitative results identifying greater improvement in the depression domain for control participants, I value testimony as a reliable source of knowledge according to Śabda pranama (Bhawuk, 2011).
[bookmark: _Toc95061288][bookmark: _Toc95283190][bookmark: _Toc95284911][bookmark: _Toc95380245][bookmark: _Toc95380592][bookmark: _Toc95380940][bookmark: _Toc95658965][bookmark: _Toc95659319][bookmark: _Toc97540365][bookmark: _Toc97541422]The experience of depression. With one-third of stroke survivors experiencing post-stroke depression (Hackett & Pickles, 2014), it is important to consider the negative proof and testimony of the qualitative data. With no reported depression themes for intervention participants, and the challenges reflected by the control participants, there is merit in considering the potential of FES+iPad-based music therapy in supporting the experience of depression. This is particularly pertinent when recognising that the testimony of the control participants is reflective of suicidal ideation, mental drain, self-pity and a loss of independence. 
From the quantitative data, the greater decrease in depression scores for control participants may reflect a ‘floor effect’ or result from differences between groups at baseline.    The intervention participants’ depression scores started in the “normal” range of severity at baseline and remained in this range at the post assessment (Lovibond & Lovibond, 1995). Those in the control condition showed “moderate” levels of depression at baseline which shifted to their reported “normal” levels of depression at the post assessment (Lovibond & Lovibond, 1995). This difference in levels of depression between groups at baseline means that there was more room for control group improvement.
[bookmark: _Toc95061289][bookmark: _Toc95283191][bookmark: _Toc95284912][bookmark: _Toc95380246][bookmark: _Toc95380593][bookmark: _Toc95380941][bookmark: _Toc95658966][bookmark: _Toc95659320][bookmark: _Toc97540366][bookmark: _Toc97541423]The potential of music. When supported by a credentialed music therapist, the process of musical instrument playing has been reported to decrease depression in stroke survivors (Raglio et al., 2017). Though the mixed methods findings of this study did not clearly replicate this finding, the potential benefit of music-making, through FES+iPad-based music therapy, may be apparent through the lack of depression-related themes in the qualitative analysis of intervention participant interviews.  This was in contrast to control participants themes related to depression, which were much more strongly worded (e.g. suicidal ideation) than the terminology of the depression items from the DASS-21 (e.g. down-hearted and blue).
[bookmark: _Toc95061031][bookmark: _Toc95061290][bookmark: _Toc95282644][bookmark: _Toc95283192][bookmark: _Toc95284913][bookmark: _Toc95380247][bookmark: _Toc95380594][bookmark: _Toc95380942][bookmark: _Toc95658967][bookmark: _Toc95659321][bookmark: _Toc97540367][bookmark: _Toc97541424]Clinical Implications and Recommendations
	Though the qualitative findings may offer some support to the previously documented research on the benefit of music-making for reducing depression, they do not alone provide further insight into the quantitative results. Further, previous research that identifies the benefit of musical instrument playing on post-stroke depression is only reflective of stroke survivors with some initially presenting upper limb function. Therefore, the experience of depression may be different for stroke survivors with very limited hand function, such as the cohort of this study. With no conclusive findings about the impact of FES+iPad-based music therapy on the stroke survivors’ experience of depression, more research is required to examine the potential of this intervention for reducing depression symptoms of stroke survivors with significant upper limb hemiparesis. 

[bookmark: _Toc95061032][bookmark: _Toc95061291][bookmark: _Toc95282645][bookmark: _Toc95283193][bookmark: _Toc95284914][bookmark: _Toc95380248][bookmark: _Toc95380595][bookmark: _Toc95380943][bookmark: _Toc95658968][bookmark: _Toc95659322][bookmark: _Toc97540368][bookmark: _Toc97541425]Domain Three: Anxiety
Participants who received the FES+iPad-based music therapy intervention, as an addition to usual therapy, had marginally greater improvements in anxiety than the control participants, as measured by the DASS-21. There were also subtle differences between groups through the participants’ reflections: intervention participants felt that their anxiety was reduced, whilst control participants felt that their anxiety was managed. This could be related to the way in which the physical act of playing music helped to reduce the anxiety for intervention participants. Although based primarily upon the reflections of one intervention participant, this singular testimony is important to further explore under the Śabda pranama (Bhawuk, 2011). Therefore, there are preliminary indications from this study suggesting that there may be a holistic benefit of FES+iPad-based music therapy on the experience of anxiety for stroke survivors with significant upper limb hemiparesis through the recognition of the stroke survivors testimony as a reliable source of knowledge.  
[bookmark: _Toc95061297][bookmark: _Toc95283199][bookmark: _Toc95284920][bookmark: _Toc95380254][bookmark: _Toc95380601][bookmark: _Toc95380949][bookmark: _Toc95658974][bookmark: _Toc95659328][bookmark: _Toc97540369][bookmark: _Toc97541426]Musical engagement. The musical component of the intervention was recognised as helpful for reducing anxiety symptoms for intervention participants. This finding supports previous research which indicates that the physical act of music-making can lead to decreased anxiety for stroke survivors (Raglio et al., 2017). Further, it is important to note that all intervention participants chose to engage with the free improvisation component of music-making, as part of the intervention protocol (see Chapter 5). Thus, the benefits of non-verbal expression through supported improvisation (Magee et al., 2017) may have also contributed to the intervention participants’ reduction in anxiety. 
[bookmark: _Toc95061298][bookmark: _Toc95283200][bookmark: _Toc95284921][bookmark: _Toc95380255][bookmark: _Toc95380602][bookmark: _Toc95380950][bookmark: _Toc95658975][bookmark: _Toc95659329][bookmark: _Toc97540370][bookmark: _Toc97541427]The importance of choice. Woodman and colleagues (2014) highlight the importance of offering stroke survivors ample opportunity for choice due to the lack of control that many feel in relation to various aspects of their recovery. As a lack of perceived control may cause anxiety (Kenwood, Kalin & Barbas, 2022), the purposeful inclusion of choice within the intervention protocol itself may have also contributed to reductions in anxiety for intervention participants. As part of the music therapy protocol, stroke survivors were offered opportunity to make choices about the instrumental sound, combination of notes (scales), the time spent engaged with a music-making stream, which music-making stream to engage with, and whether they would like family members to be present in the session (Silveira et al., 2020). In offering consistent choice to stroke survivors, as part of the FES+iPad-based music therapy intervention, they were purposefully given the space to feel a sense of control. 
[bookmark: _Toc95061035][bookmark: _Toc95061299][bookmark: _Toc95282648][bookmark: _Toc95283201][bookmark: _Toc95284922][bookmark: _Toc95380256][bookmark: _Toc95380603][bookmark: _Toc95380951][bookmark: _Toc95658976][bookmark: _Toc95659330][bookmark: _Toc97540371][bookmark: _Toc97541428]Clinical Implications and Recommendations
The findings in this domain suggest potential holistic benefits of the FES+iPad-based music therapy intervention on the stroke survivors’ experience of anxiety. This finding is important as 20% of stroke survivors experience anxiety symptoms within the first month of their stroke onset (Burton et al., 2013). Further, as recent literature identifies that there is limited effectiveness of standard psychological interventions for the management of neuropsychiatric symptoms such as anxiety (Smith et al., 2021), non-conventional approaches are required. The clinical implications of the anxiety domain results particularly relate to the importance of musical access and choice.
[bookmark: _Toc95061300][bookmark: _Toc95283202][bookmark: _Toc95284923][bookmark: _Toc95380257][bookmark: _Toc95380604][bookmark: _Toc95380952][bookmark: _Toc95658977][bookmark: _Toc95659331][bookmark: _Toc97540372][bookmark: _Toc97541429]Music therapy access. The musical component of this intervention was central to the results in the anxiety domain. It is therefore important to promote the inclusion of music therapy as part of upper limb rehabilitation, even for participants with limited hand function, who previously may have been considered not appropriate / not eligible for music therapy. When facilitated by a music therapist, musical instrument playing can reduce anxiety symptoms in stroke survivors with upper limb hemiparesis (Raglio et al., 2017). In the current study, the FES+iPad-based music therapy intervention was facilitated by a Registered Music Therapist, thus the promising findings relating to anxiety need to be considered in this context, i.e. the importance of live musical accompaniment provided by a credentialed music therapist (Raglio et al., 2017). Though there are very few music therapists employed in stroke rehabilitation units across Australia, this finding provides preliminary data to advocate for more music therapy access to assist with stroke survivors’ management of anxiety. This recommendation is particularly pertinent currently, as stroke survivors are experiencing greater levels of pre-existing anxiety related to the COVID-19 pandemic (Ahmed, Khalil, Kohail, Eldesouky, Elkady & Shuaib, 2020).   
[bookmark: _Toc95061301][bookmark: _Toc95283203][bookmark: _Toc95284924][bookmark: _Toc95380258][bookmark: _Toc95380605][bookmark: _Toc95380953][bookmark: _Toc95658978][bookmark: _Toc95659332][bookmark: _Toc97540373][bookmark: _Toc97541430]Offering choice. The choice offered as part of the FES+iPad-based music therapy intervention protocol may have contributed to the slightly better improvement in anxiety scores for intervention participants. Other ways that clinicians could offer choice include simply asking the stroke survivor how long they would like to engage with an intervention/task, how many repetitions they would like to try before taking a break, and the order of interventions/tasks to do whilst in therapy. These simple offerings may have an impact on the stroke survivor’s overall experience of anxiety as they are given consistent opportunities to exercise a sense of control in an environment where they often feel a lack of control (Woodman et al., 2014). 

[bookmark: _Toc95061036][bookmark: _Toc95061302][bookmark: _Toc95282649][bookmark: _Toc95283204][bookmark: _Toc95284925][bookmark: _Toc95380259][bookmark: _Toc95380606][bookmark: _Toc95380954][bookmark: _Toc95658979][bookmark: _Toc95659333][bookmark: _Toc97540374][bookmark: _Toc97541431]Domain Four: Stress
There was no notable difference between groups in DASS-21 stress scores during the intervention periods, thus yielding little insight into the specific impacts of FES+iPad-based music therapy on the experience of stress. However, it is worth exploring the control and intervention participant’s commonly identified importance of taking a break, both in relation to previous research about fatigue after stroke, and the potential benefit of musical engagement for relaxation. 
[bookmark: _Toc95061308][bookmark: _Toc95283210][bookmark: _Toc95284931][bookmark: _Toc95380265][bookmark: _Toc95380612][bookmark: _Toc95380960][bookmark: _Toc95658985][bookmark: _Toc95659339][bookmark: _Toc97540375][bookmark: _Toc97541432]Post-stroke fatigue. Previous research indicates that the experience of fatigue after stroke correlates with the experience of stress (Vuletić, Ležaić, & Morović, 2011). In this study, both control and intervention participants reflected upon the importance of having a break, thus indicating that post-stroke fatigue was present amongst both groups. Though control participants identified the need to take a break, intervention participants identified the role that music had in providing a sense of “down time”. 
[bookmark: _Toc95061309][bookmark: _Toc95283211][bookmark: _Toc95284932][bookmark: _Toc95380266][bookmark: _Toc95380613][bookmark: _Toc95380961][bookmark: _Toc95658986][bookmark: _Toc95659340][bookmark: _Toc97540376][bookmark: _Toc97541433]Music for relaxation. The focus of stress management, or taking a break, was explained respectively by control and intervention participants as managing frustration (control) and supporting relaxation (intervention). Though previous literature have examined the benefits of musical listening on post-stroke stress (Särkämö et al., 2008; Supnet et al., 2016; Forsblom, Laitinen, Särkämö & Tervaniemi, 2009), none have examined the effects of live music-making on stress in this population. Given the qualitative findings of the current study, it is possible that live music-making offers similar affordances for relaxation and stress management in stroke rehabilitation.
[bookmark: _Toc95061039][bookmark: _Toc95061310][bookmark: _Toc95282652][bookmark: _Toc95283212][bookmark: _Toc95284933][bookmark: _Toc95380267][bookmark: _Toc95380614][bookmark: _Toc95380962][bookmark: _Toc95658987][bookmark: _Toc95659341][bookmark: _Toc97540377][bookmark: _Toc97541434]Clinical Implications and Recommendations
The lack of conclusive results from this study regarding stress mean that it is difficult to generate clinical recommendations for the use of the FES+iPad-based music therapy intervention to manage or reduce stress. However, the qualitative findings offer some support to previously documented research on the management of post-stroke fatigue and the specific role that musical engagement has for promoting relaxation.
[bookmark: _Toc95061311][bookmark: _Toc95283213][bookmark: _Toc95284934][bookmark: _Toc95380268][bookmark: _Toc95380615][bookmark: _Toc95380963][bookmark: _Toc95658988][bookmark: _Toc95659342][bookmark: _Toc97540378][bookmark: _Toc97541435]Managing post-stroke fatigue. As fatigue is commonly experienced after stroke onset (Aarnes, Stubberud & Lerdal, 2018), the intervention participants’ reflections of relaxation are worth exploring further. The process of music-making was based upon active engagement and movement of the hemiparetic upper limb, thus it was initially surprising to learn that the intervention participants’ experience of their “break” was through this physical act of music-making. This reflection is congruent with previous research indicating that individuals engaging with therapeutic musical instrument playing may identify decreases in their perceived exertion and level of fatigue (Lim, Miller & Fabian, 2011).  Further, as approaches to combatting post-stroke fatigue are based upon improving the individual’s ability to cope with stress (Vuletić et al., 2011), musical engagement through hand rehabilitation exercises may be of benefit to the stroke survivors’ perception of fatigue and thus experience of stress. 
The stroke survivors’ perception of a “break” may also represent of their “flow state” during the process of music-making (Csikszentmihalyi, 1990, as cited by Mainemelis & Dionysiou, 2015).  When looking to the nine elements of a flow state (Mainemelis & Dionysiou, 2015), there is merit in considering their impact on the experience of fatigue as a by-product of the FES+iPad-based music therapy intervention: 
1. Working with a clear goal in an activity: the stroke survivors identified clear goals that were to be focus of their engagement in FES+iPad-based music therapy.
2. A balance between challenges and skills: I encouraged the stroke survivors to find their subtle strengths through free improvisation, as well as encourage their task-progression of more complex movement through directed improvisation and song learning. 
3. Receiving immediate feedback from the activity: the immediate feedback of the FES+iPad-based music therapy intervention was the instrumental sound of the iPad. As soon as the stroke survivor made a movement, they were able to hear this reflected through sound, in real time.
4. The merging of action and awareness: the greater the movement of the stroke survivor, the greater the range of auditory feedback from the iPad-based instrument. Therefore, when the stroke survivors’ movement had increased in both strength and range, they were able to develop an awareness of this via the reflected instrumental feedback of the iPad.
5. Intense concentration of a task: as the stroke survivors had limited movement, their concentration in the process of music-making was intense. In this way, many of the stroke survivors hoped for any form of movement as they concentrated on the music-making task.
Though the final four elements of “flow state” do not seem as concretely related to the FES+iPad-based music therapy intervention as the ones previously listed, they may have also had an impact on the individuals’ experience of flow during the intervention: “a sense of heightened control forgetting one’s self, forgetting time, an activity that becomes autotelic, or an end in and of itself” (Mainemelis & Dionysiou, 2015, p. 131)
[bookmark: _Toc95061312][bookmark: _Toc95283214][bookmark: _Toc95284935][bookmark: _Toc95380269][bookmark: _Toc95380616][bookmark: _Toc95380964][bookmark: _Toc95658989][bookmark: _Toc95659343][bookmark: _Toc97540379][bookmark: _Toc97541436]The potential for music-assisted relaxation. Previous studies identifying the value of music for increasing relaxation post-stroke are based upon mindful music listening processes (Baylan et al., 2018). Though the FES+iPad-based music therapy intervention is based upon the physical act of instrumental music-making, there is still a somewhat mindful listening aspect to it: as the stroke survivor is creating music based upon their own hand movements, it can be inferred that they are also engaging in the mindful process of listening to what they are creating. Alternatively, if the stroke survivor chooses to focus their listening on the accompaniment of the music therapist, they may reap the multiple benefits of an enriched sound environment (Engineer et al., 2004). 

[bookmark: _Toc95061040][bookmark: _Toc95061313][bookmark: _Toc95282653][bookmark: _Toc95283215][bookmark: _Toc95284936][bookmark: _Toc95380270][bookmark: _Toc95380617][bookmark: _Toc95380965][bookmark: _Toc95658990][bookmark: _Toc95659344][bookmark: _Toc97540380][bookmark: _Toc97541437]Domain Five: Self-efficacy
There were no notable differences between groups in self-efficacy as measured by the Stroke Self-Efficacy Questionnaire scores. However, as the self-efficacy themes from the intervention participants were from the lens of positivity, whilst the control participant themes were from the lens of striving, there may be subtle benefits of the FES+iPad-based music therapy intervention on the self-efficacy of stroke survivors that are worth exploring in future studies.
[bookmark: _Toc97540381][bookmark: _Toc97541438][bookmark: _Toc95061043][bookmark: _Toc95061319][bookmark: _Toc95282656][bookmark: _Toc95283221][bookmark: _Toc95284942][bookmark: _Toc95380276][bookmark: _Toc95380623][bookmark: _Toc95380971][bookmark: _Toc95658996][bookmark: _Toc95659350]Clinical Implications and Recommendations
[bookmark: _Toc95061320][bookmark: _Toc95283222][bookmark: _Toc95284943][bookmark: _Toc95380277][bookmark: _Toc95380624][bookmark: _Toc95380972][bookmark: _Toc95658997][bookmark: _Toc95659351]The lack of conclusive findings regarding changes in self-efficacy in this study mean that it is not possible to offer concrete clinical recommendations of the FES+iPad-based music therapy intervention on the self-efficacy domain. However, the qualitative findings may offer some insight into the potential for music therapy engagement on self-efficacy. 
[bookmark: _Toc97540382][bookmark: _Toc97541439]The potential of music therapy. The FES+iPad-based music therapy intervention was created using a strengths-based approach to encourage stroke survivors to engage in music-making that not only was accessible but was also able to reveal their functional abilities, however subtle. There was a positive tone in reflections about self-efficacy revealed in the intervention participant interviews, and indications that the intervention increased the stroke survivors’ confidence in their ability. Previous research indicating benefits of music therapy on the self-efficacy of individuals (Sharma & Kaur, 2015) is not based within the clinical context of stroke. Further research is thus needed to explicitly assess the impact of accessible music-making on the self-efficacy of stroke survivors. 

[bookmark: _Toc95061044][bookmark: _Toc95061321][bookmark: _Toc95282657][bookmark: _Toc95283223][bookmark: _Toc95284944][bookmark: _Toc95380278][bookmark: _Toc95380625][bookmark: _Toc95380973][bookmark: _Toc95658998][bookmark: _Toc95659352][bookmark: _Toc97540383][bookmark: _Toc97541440]Acceptability of the FES+iPad-based Music Therapy Intervention 
	In addition to data collected in the randomised controlled trial to measure effectiveness, we also collected data to examine the acceptability of the intervention.  These data were relevant only to intervention participants and was presented via descriptive summaries (Chapter 5). These descriptive summaries highlight key points relating to the acceptability of the intervention with specific reference to collaborative goal writing, self-directed practice, and motivation. 
[bookmark: _Toc95061045][bookmark: _Toc95061322][bookmark: _Toc95282658][bookmark: _Toc95283224][bookmark: _Toc95284945][bookmark: _Toc95380279][bookmark: _Toc95380626][bookmark: _Toc95380974][bookmark: _Toc95658999][bookmark: _Toc95659353][bookmark: _Toc97540384][bookmark: _Toc97541441]Collaborative Goal Writing
	The Clinical Guidelines for Stroke Management recommend that clinicians involve stroke survivors in goal setting (Stroke Foundation, 2022). On admission to a rehabilitation unit, the stroke survivor may identify their goals for rehabilitation in collaboration with their family and treating team. Even though the treating team continue to assess and review the identified goals based upon the progress of the stroke survivor, their continued input for this is usually less formalised. Based on this recommendation of the importance of goal setting in stroke recovery (Lloyd, Bannigan, Sugavanam & Freeman, 2018), intervention participants were asked to formally review their goals once a week (every 5 sessions). Even though I did not offer my clinical perspective during goal setting, participants often referenced the exercises/movements that were central to their progress with the FES+iPad-based music therapy intervention. This provides some indication of the acceptability of the intervention as their therapeutic engagement with it potentially influenced their updated goals. After the updated goals were identified, I also adapted my clinical approach to consider and support the stroke survivor to work towards achieving these new goals. Shared decision-making processes then guided the session as together we considered how different music-making streams could support their progress toward the goal. This process was based upon the valuing of mutual respect and therapeutic rapport (Godolphin, 2009). 
[bookmark: _Toc95061046][bookmark: _Toc95061323][bookmark: _Toc95282659][bookmark: _Toc95283225][bookmark: _Toc95284946][bookmark: _Toc95380280][bookmark: _Toc95380627][bookmark: _Toc95380975][bookmark: _Toc95659000][bookmark: _Toc95659354][bookmark: _Toc97540385][bookmark: _Toc97541442]Self-directed Practice
	From session ten onwards, participants were asked to engage in daily self-directed practice. Though the reported time engaged with this self-directed practice varied among participants, it is likely that this contributed to their recovery as the merit of self-directed practice has been previously reported (Da-Silva, Moore & Price, 2018) and is particularly beneficial for the development of complex tasks (Stebbins, 2017). Further, as many stroke survivors experience boredom outside of formal therapy sessions (Kenah et al., 2017), the participants’ willingness to engage in self-directed practice of the FES+iPad-based music therapy intervention suggests its acceptability and perceived relevance for their continued recovery. 
[bookmark: _Toc95061047][bookmark: _Toc95061324][bookmark: _Toc95282660][bookmark: _Toc95283226][bookmark: _Toc95284947][bookmark: _Toc95380281][bookmark: _Toc95380628][bookmark: _Toc95380976][bookmark: _Toc95659001][bookmark: _Toc95659355][bookmark: _Toc97540386][bookmark: _Toc97541443]Motivation to Engage
	Every five sessions, participants were asked to indicate their motivation to engage with the FES+iPad-based music therapy intervention. As fluctuating motivation is common for stroke survivors (Walder & Molineux, 2020), this check allowed me to pragmatically consider how my clinical approach could best adapt to supporting the motivation level of the participant whilst still targeting their identified goal/s. The intervention protocol was developed with flexibility built in to enable such adaptation to fluctuating levels of motivation (Silveira et al., 2020). Therefore, by monitoring participants’ reported motivation to engage in the intervention, I was able to adapt my therapeutic style to either offer more support by consolidating their gains (e.g. if motivation was low) or by encouraging their progression to more complex tasks (e.g. if motivation was high). Providing the choice of three music-making streams proved to be a great asset to this intervention as participants were able to engage with less directive music-making (free improvisation) if they did not feel motivated to engage with task-specific training (directed improvisation and song learning). Therefore, monitoring the stroke survivors’ motivation was not only important for understanding their acceptability of the intervention, but it was also vital in influencing my therapeutic approach from week to week. 

[bookmark: _Toc95061048][bookmark: _Toc95061325][bookmark: _Toc95282661][bookmark: _Toc95283227][bookmark: _Toc95284948][bookmark: _Toc95380282][bookmark: _Toc95380629][bookmark: _Toc95380977][bookmark: _Toc95659002][bookmark: _Toc95659356][bookmark: _Toc97540387][bookmark: _Toc97541444]Limitations  
There were three main limitations of this study: sample size, lack of consistency of usual treatment, and lack of access to the music-making application. 
[bookmark: _Toc97540388][bookmark: _Toc97541445]Sample Size
With only 14 participants recruited of the target sample of 40 participants, this study was underpowered. Though there are previously documented challenges identified with recruitment in stroke, other contributing factors to this small sample size included the newly introduced access of clot retrieval procedures and the impact of the COVID-19 pandemic. 
[bookmark: _Toc95061327][bookmark: _Toc95283229][bookmark: _Toc95284950][bookmark: _Toc95380284][bookmark: _Toc95380631][bookmark: _Toc95380979][bookmark: _Toc95659004][bookmark: _Toc95659358]Changes to medical management of stroke. Over the past few years, clot retrieval procedures have become more widely accessible. When preparing the ethics application for this study in 2017, I conducted an extensive review of literature exploring the current methods and interventions that were routinely used in stroke recovery. With a target sample of 40 participants to be recruited, I then liaised with each site to assess what was feasible as per their past intake of patients that met the inclusion criteria of the study. When each site was asked to estimate the number of patients that might qualify for this study over a two-year period, the collective total across the five sites greatly surpassed the 40 participants needed. However, after receiving ethics approval for the study in 2018, the rate of recruitment was very slow. Though this was congruent with the previously identified challenges of recruitment in stroke recovery (Alexandrov, 2006; Feldman et al., 2017), it was not reflective of the estimated number indicated by each site. After the first year of recruitment, I then returned to the literature to see if I could gain further insight into this discrepancy. Through this process, I realised that the clot retrieval procedure had received much more traction, and as a result, was utilised much more frequently across major hospitals both in Australia and internationally. I also learned that this clot retrieval procedure can significantly reduce the impact of stroke if conducted within a matter of hours after stroke onset (Meurer, Barth, Gaddis, Vilke & Lam, 2017). I then liaised with the clinicians at each recruitment site and confirmed that many of their current stroke patients had accessed the clot retrieval procedure and were therefore presenting with less impairment in comparison to the patients from previous years. The estimate of recruiting the target sample of 40 participants over the 2-year study period was thus based upon estimates of the profile of past patients at these sites. This difficulty with recruitment was therefore partially due to the effects of clot retrieval procedures which decrease the severity of stroke.
[bookmark: _Toc95061328][bookmark: _Toc95283230][bookmark: _Toc95284951][bookmark: _Toc95380285][bookmark: _Toc95380632][bookmark: _Toc95380980][bookmark: _Toc95659005][bookmark: _Toc95659359][bookmark: _Toc97540389][bookmark: _Toc97541446]Challenges associated with recruitment in stroke.  Scholars have recognised recruitment to research studies in stroke rehabilitation to be a common challenge faced by researchers (Alexandrov, 2006) as it is often slow in nature (Feldman, Kim & Chiong, 2017). In trying to account for this, I designed a multi-site trial whereby participants would be recruited from two major public hospitals and three private rehabilitation hospitals. However, one year after commencing the study, I had only recruited one quarter of the required number of participants. I also noticed that the rate of recruitment, across sites, also fluctuated; sometimes multiple participants were recruited at a time, and sometimes there would be many months without a new enrolment in the study. Considering this fluctuation of enrolment in the study over the first year of recruitment, I then made the decision to recruit from two additional sites and gained ethics approval for this in February 2020. I also reduced my candidature load to part-time status to ensure that I could continue the study to ensure that we could reach the required number of participants as per the power calculation. However, despite all these efforts, data collection ceased altogether a few weeks later due to the emerging COVID-19 pandemic. 
[bookmark: _Toc95061329][bookmark: _Toc95283231][bookmark: _Toc95284952][bookmark: _Toc95380286][bookmark: _Toc95380633][bookmark: _Toc95380981][bookmark: _Toc95659006][bookmark: _Toc95659360][bookmark: _Toc97540390][bookmark: _Toc97541447]COVID-19 pandemic. In February 2020, I became acutely aware of the “lockdowns” taking place in Europe as well as the potential for lockdowns in Australia. These lockdowns were a safety measure to contain the spread of the COVID-19 virus, and I realised that research was not likely to be recognised as an “essential service”. Following discussions with my supervisory team, we decided to cease recruitment in March 2020, for both ethical and practical reasons: we recognised that the pandemic was likely to cause further challenges and complications for vulnerable members of the community (e.g. the stroke survivors central to this study), as well as place greater pressure upon the health service(s) caring for these people (e.g. the clinicians at each site). 
[bookmark: _Toc95061050][bookmark: _Toc95061331][bookmark: _Toc95282663][bookmark: _Toc95283233][bookmark: _Toc95284954][bookmark: _Toc95380287][bookmark: _Toc95380634][bookmark: _Toc95380982][bookmark: _Toc95659007][bookmark: _Toc95659361][bookmark: _Toc97540391][bookmark: _Toc97541448]Consistency of Usual Treatment 
	 It was impractical and unethical to enforce a particular approach for “usual treatment” across the five included sites. Instead, in collaboration with each of the study sites, we created a broad description of “usual care” to include the variations in treatment delivery across each site (see Chapter 4). While necessary, the limitations of this approach meant that there was still some variation between sites in “usual care”, including the range of time engaged in usual therapy, and variations in the interventions implemented. As higher repetitions of task-specific exercises may lead to cortical reorganisation (Kimberley et al., 2010), the variation of time engaged in upper limb therapy, as per the study description of “usual care” (one hour to five hours), and the different upper limb interventions/approaches implemented, are likely to have impacted the functional outcomes for participants from different hospitals. For example: even though Functional Electrical Simulation is a recommended intervention for upper limb rehabilitation (Stroke Foundation, 2022) and has shown statistically significant benefits on the functional activity of the upper limb (Eraifej et al., 2017), it was not routinely implemented by all of the included sites. The implementation of FES was generally based upon the experience of the treating clinician: if the treating clinician did not have sufficient experience with using FES, then they would not offer this intervention to patients as part of their usual treatment. Therefore, the discrepancies of FES use were not only from site to site, but also from clinicians to clinician (i.e. within the same site). 
[bookmark: _Toc95061051][bookmark: _Toc95061332][bookmark: _Toc95282664][bookmark: _Toc95283234][bookmark: _Toc95284955][bookmark: _Toc95380288][bookmark: _Toc95380635][bookmark: _Toc95380983][bookmark: _Toc95659008][bookmark: _Toc95659362][bookmark: _Toc97540392][bookmark: _Toc97541449]The Music-Making Application
	The music-making application used in the FES+iPad-based music therapy intervention was “ThumbJam”. The main limitation of this music-making application was that it was only available through iOS devices. Therefore, in order to use ThumbJam to practice outside of music therapy sessions, participants were required to have an iOS compatible device (i.e. an iPad). As some participants had access to other tablet devices, I spent some time researching alternative music-making applications that would be compatible. However, I was unable to source any music-making applications for non-iOS devices that offered the same features as ThumbJam. As the intervention participants were eager to engage with independent practice, I instead created a graphical representation of the music-making application to help guide their targeted practice. However, this graphical representation did not provide any auditory feedback for the stroke survivor. 

[bookmark: _Toc97540393][bookmark: _Toc97541450]Future research	
	As this is the first randomised controlled trial seeking to examine the effect of FES+iPad-based music therapy, there are many avenues for future research. Firstly, an adequately powered randomised controlled trial of FES+iPad-based music therapy in stroke rehabilitation is needed. An updated power calculation could be conducted based on the findings of the current study. However, this number needs to be approached cautiously as this study was underpowered. Future studies could also examine the use of other tablet-based applications, assess the impact of self-directed practice, and adapt the FES+iPad-based music therapy intervention for other clinical populations. Further, future studies could include other tablet-based music-making interventions as part of self-directed practice only, update the intervention protocol to examine the combination of other tablet-based music-making applications (e.g.: Pa-ta-tap) with functional electrical stimulation, or even build and test a music-making application designed specifically for developing fine motor skills.
[bookmark: _Toc97540394][bookmark: _Toc97541451][bookmark: _Toc95061060][bookmark: _Toc95061357][bookmark: _Toc95282673][bookmark: _Toc95283259][bookmark: _Toc95284980][bookmark: _Toc95380294][bookmark: _Toc95380641][bookmark: _Toc95380989][bookmark: _Toc95659014][bookmark: _Toc95659368]The Inclusion of Other Tablet-based Applications for Self-directed Practice
After completing the study, I found two other music-making applications that were touch sensitive and able to provide both auditory and visual feedback during engagement: Pa-ta-tap and Auug Motion Synth. Though these applications do not seem directly suited to the FES+iPad-based music therapy intervention protocol, there is merit in considering their use for self-directed practice.
[bookmark: _Toc95061333][bookmark: _Toc95283235][bookmark: _Toc95284956][bookmark: _Toc95380289][bookmark: _Toc95380636][bookmark: _Toc95380984][bookmark: _Toc95659009][bookmark: _Toc95659363][bookmark: _Toc97540395][bookmark: _Toc97541452]	Pa-ta-tap. As the Pa-ta-tap program is available as an application and through a web browser, it is compatible with various brands of tablet technology. Similar to ThumbJam, engagement with Pa-ta-tap is based upon touch. Instead of the presentation of sound through the similar coloured panels of ThumbJam, Pa-ta-tap uses different visual imagery that matches the different synthesised musical sounds produced. However, there is only one form of programming for Pa-ta-tap, i.e. unlike ThumbJam, it is not possible to personalise it’s programming for the individual. As the holding screen for Pa-ta-tap is blank, the various shapes and visual imagery are quite pronounced when the user touches the screen. Further, the user can explore variations in imagery/shapes and sound by touching different parts of the screen. Image 1 presents a screen shot of the Pa-ta-tap application when one finger touches the screen. Image 2 presents a screen shot of the Pa-ta-tap application when multiple fingers are touching the screen. 





Figure 1.
Pa-ta-tap visual when one singular sound is produced 
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Figure 2.
Pa-ta-tap visual when multiple sounds are produced 
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[bookmark: _Toc95061334][bookmark: _Toc95283236][bookmark: _Toc95284957][bookmark: _Toc95380290][bookmark: _Toc95380637][bookmark: _Toc95380985][bookmark: _Toc95659010][bookmark: _Toc95659364][bookmark: _Toc97540396][bookmark: _Toc97541453]	Auug Motion Synth. The Auug motion synth application may have benefits on the task progression of fine motor recovery. This is a touch sensitive music-making application that produces synthesised sounds based upon the placement of the fingers and thumb. The auug motion synth is also able to reflect dynamic shifts based upon the positioning of the device and pressure of the finger playing it. This particular application is sensitive to the pressure of the fingers and thumb – i.e. if the stroke survivor develops their strength and uses more pressure to engage in music-making on the auug motion synth, then this would generate more variety in the auditory feedback. In this way, the stroke survivor would not need to physically move their hand (e.g. raise and lower fingers, etc), but rather only concentrate on increasing their pressure of contact from the finger, for example, onto the screen. Further, as the programming of the auug motion synth is based upon a mobile phone device (i.e.: a smaller screen than the iPad/tablet), there is a fine motor movement focus with a very specific target. If the individual has sufficient grip strength and gross motor movement, they may also be able to hold the device in the palm of their hand (as they would when using a mobile device) with the assistance of the “motion synth grip”. In this approach, the mobile device is securely embedded within the “motion synth grip” and the grip itself is then securely attached to the hand (like a glove). The actual placement of the iPhone is then in the palm of the hand, which innately encourages the fingers to move toward the palm of the hand in order to touch the screen and thus create sound (finger flexion). In using the “motion synth grip”, the individual may feel more supported to explore their active movement as it would translate through more varied production of sound. Though the programming of the auug motion synth is not as personalised as ThumbJma, it may offer an avenue to support both fine motor and gross motor skill development and thus may have benefits for a stroke survivor’s task progression through musical engagement.
[bookmark: _Toc97540397][bookmark: _Toc97541454]Assess the Impact of Targeted Self-directed Practice 
Future research could examine the impact of targeted self-directed practice on the functional outcomes of participants. Any amount of targeted self-directed practice may promote further physical recovery through task-specific practice, and also indicates the acceptability of the intervention. As all of the exercises for self-directed practice were chosen by the participant, it is worth exploring the impact of this type of targeted self-directed practice to ensure that the practise is task-specific and thus increases the potential for neuroplastic changes (Kimberley et al., 2010).
[bookmark: _Toc95061061][bookmark: _Toc95061358][bookmark: _Toc95282674][bookmark: _Toc95283260][bookmark: _Toc95284981][bookmark: _Toc95380295][bookmark: _Toc95380642][bookmark: _Toc95380990][bookmark: _Toc95659015][bookmark: _Toc95659369][bookmark: _Toc97540398][bookmark: _Toc97541455]Updating and Adapt the FES+iPad-based Music Therapy Intervention
In considering the replicability of this study for a larger cohort of stroke survivors, I would update the intervention protocol to offer more choice and clarity based upon my experience of implementing it as the clinician-researcher. This would include updated decision-tree protocols for each music making stream and more detail about the positioning of the iPad itself.
	Future research could refine and adapt the FES+iPad-based music therapy intervention for other clinical populations. As part of my clinical work as a Registered Music Therapist, I have collaboratively modified this intervention, with an Occupational Therapist, for working in paediatrics, specifically with children who have had a recent stroke, encephamyelitis or were recovering from neurosurgery (from the removal of a cancerous brain tumour). Recognising the different attention span and motivation of young children in relation to the stroke survivors central to this study, I found that the free improvisation music-making stream had most success. Further, as previous research highlights the need for more evidenced-based research in paediatric stroke recovery (Tsze & Valente, 2011), an adapted version of the FES+iPad-based music therapy intervention could address this need. 
The Benefits of Using a Mixed Methods Experimental Design with an Explanatory Sequential Core
A simple randomised controlled trial design would not have sufficed in meeting the purpose of understanding the impact of this novel intervention. It was necessary to integrate the findings of the quantitative and qualitative data to arrive at a more holistic understanding of the impact of this intervention. Drawing upon the explanatory sequential core as a part of the overall mixed methods experimental design, I was able to integrate the findings in a way that responded to the overall question of the research. In this way, I was able to gain further context about the quantitative results for each domain of the research (functional activity of the upper limb, depression, anxiety, stress and self-efficacy) based upon the participant reflections. It would not have been possible to obtain such context and detail if the qualitative research question had been pre-determined. I would therefore approach future research in a similar manner to ensure that the final mixed-methods data set gives context and displays specific and thus key information about the integrated findings.”
How Will this Research Inform Future Similar Studies?
The stroke survivors central to this study were able to complete the intervention protocol during their initially planned length of stay in the rehabilitation unit (four weeks). In recognising that the average length of stay of stroke survivors with significant weakness in a rehabilitation unit in Australia can last 6 weeks or more (Stroke Recovery Association NSW, 2022), I would retain the four-week intervention period (20 sessions) in the future. I would also draw upon the same measures for a larger study as they seemed to be sensitive enough to capture the data relevant to the domains of functional activity of the upper limb, depression, anxiety, stress and self-efficacy. 
The experimental mixed methods design with the explanatory sequential core met the purpose of learning about the wholistic impact of this novel intervention. The data collection points were also appropriate in obtaining information about the impact of the FES+iPad-based music therapy intervention. In taking the quantitative measures at 0 week (baseline) and 4 weeks (post), we were able to determine the quantitative impact of the intervention across the domains of functional activity, depression, anxiety, stress and self-efficacy. The decision to interview participants at 4 weeks (post assessment) was to ensure that the treatment that they had engaged with was still familiar to them when reflecting about it. I was then able to embed the data sets by developing a more focused qualitative research question based upon the quantitative results. In taking quantitative assessments at 4 months (3 months after discharge), I sought to examine a continued impact of the intervention. However, as the included stroke survivors had differing engagement in continued rehabilitation, this data may not be relevant for future iterations of this type of study as it is not examining the particular impact of the FES+iPad-based music therapy intervention (unless the continued outpatient rehabilitation phase includes the FES+iPad-based music therapy intervention). 
In considering future iterations of this study for a larger cohort of stroke survivors, I would keep the overall study design and assessment measures the same, and also consider how to approach the follow-up (4 month) data collection point to obtain data that is relevant to the intervention. For example: the FES+iPad-based music therapy intervention could be included as an aspect of the stroke survivors’ outpatient therapy (which would be similar to their occupational therapy and physiotherapy engagement).
[bookmark: _Toc97540399][bookmark: _Toc97541456][bookmark: _Toc95380296][bookmark: _Toc95380643][bookmark: _Toc95380991][bookmark: _Toc95659016][bookmark: _Toc95659370]
Recommendations 
	The mixed methods findings of this study suggest the importance of specific recommendations for stroke survivors, music therapists, allied health clinicians and the governing policies related to rehabilitation access. 
[bookmark: _Toc97540400][bookmark: _Toc97541457]General Recommendations 
[bookmark: _Toc95061345][bookmark: _Toc95283247][bookmark: _Toc95284968][bookmark: _Toc95380306][bookmark: _Toc95380653][bookmark: _Toc95381001][bookmark: _Toc95659026][bookmark: _Toc95659380][bookmark: _Toc97540401][bookmark: _Toc97541458]Working with the subtle strengths of the stroke survivor. By focusing the music-making exercises on any presenting movement of the hand, the participants were able to recognise their subtle strengths, and showed improvement over time. In seeing minute movements whilst the stroke survivor played, I was able to not only identify the movement, but also encourage them to continue developing that movement as part of the intervention. For many stroke survivors, this often started with a subtle muscle flicker that was captured as their hand had direct contact with the iPad. It is therefore important for the clinicians to attune to the subtle strengths of the stroke survivor for the purpose of encouragement and further recovery. 
[bookmark: _Toc95061344][bookmark: _Toc95283246][bookmark: _Toc95284967][bookmark: _Toc95380305][bookmark: _Toc95380652][bookmark: _Toc95381000][bookmark: _Toc95659025][bookmark: _Toc95659379][bookmark: _Toc97540402][bookmark: _Toc97541459][bookmark: _Toc95061352][bookmark: _Toc95283254][bookmark: _Toc95284975][bookmark: _Toc95380313][bookmark: _Toc95380660][bookmark: _Toc95381008][bookmark: _Toc95659033][bookmark: _Toc95659387]The importance of auditory feedback. Auditory feedback was a very important component of the intervention. Many intervention participants reflected upon the motivating aspects of auditory feedback in relation to following a beat (e.g.: the metronome) or creating sound that was pleasing (e.g.: playing the iPad-based instrument). Participants were also able to create auditory output with the subtlest flickers of muscle activation in the hand, by laying their hand flat on the screen whilst imagining movement during the “free improvisation” music-making stream (without electrical stimulation). As the intervention protocol was based upon a person-centred and person-led approach to therapy, my role was to appropriately follow the musical creation of the participant and accompany them accordingly when they were engaged in the free improvisation music-making stream. In accompanying the sound produced as a result of the subtle muscle contractions, we engaged in free improvisation together. Though no obvious movement was observable, there would be variations in sound as the improvisation progressed. Therefore, it is important to consider the important role of  auditory feedback in both developing movement through task-progression (e.g. by following a beat) as well as through freely exploring one’s presenting movement (e.g. through free improvisation). 
[bookmark: _Toc97540403][bookmark: _Toc97541460]Offering choice. The FES+iPad-based music therapy intervention protocol was created in a flexible way to ensure that stroke survivors could have choice in their engagement from session to session (Silveira et al., 2020). As choice is often lacking for the stroke survivors with limited movement (Woodman et al., 2014), it is important to appropriately incorporate choice when possible. Choice was offered to the intervention participants by asking them to select the musical instrument sound, the combination of notes to be played (scale), how long they would like to engage with the exercise(s) before taking a break, and what they would like to focus on during self-directed practice. These simple avenues for choice were offered to give participants a sense of control and thus empower them during their rehabilitation. I would therefore recommend that clinicians draw upon these aspects of choice as part of their therapeutic facilitation and support of stroke survivors.
[bookmark: _Toc95061343][bookmark: _Toc95283245][bookmark: _Toc95284966][bookmark: _Toc95380304][bookmark: _Toc95380651][bookmark: _Toc95380999][bookmark: _Toc95659024][bookmark: _Toc95659378][bookmark: _Toc97540404][bookmark: _Toc97541461]Accessible approaches for active music-making. It is important to find more creative and accessible avenues for encouraging active music-making in stroke rehabilitation. As identified from the findings of this study, the FES+iPad-based music therapy intervention ensured that musical instrument playing was accessible for stroke survivors who would generally be excluded from active music-making processes due to their level of impairment. In creating this accessible intervention, not only were these stroke survivors able to engage in music-making, but this type of active engagement resulted in improvements in upper limb function and anxiety. Through the repetitive practice of music-making through instrument playing, the stroke survivors practiced the task-specific exercise required for cortical reorganisation (Kimberley et al., 2010) whilst they simultaneously engaged in non-verbal processing through musical creation (Magee et al., 2017). Therefore, I would recommend that clinicians consider how they can best draw upon their resources to ensure that routinely used interventions can become more accessible for stroke survivors with limited upper limb function.
[bookmark: _Toc95061053][bookmark: _Toc95061336][bookmark: _Toc95282666][bookmark: _Toc95283238][bookmark: _Toc95284959][bookmark: _Toc95380297][bookmark: _Toc95380644][bookmark: _Toc95380992][bookmark: _Toc95659017][bookmark: _Toc95659371][bookmark: _Toc97540405][bookmark: _Toc97541462]For Stroke Survivors
[bookmark: _Toc95061337][bookmark: _Toc95283239][bookmark: _Toc95284960][bookmark: _Toc95380298][bookmark: _Toc95380645][bookmark: _Toc95380993][bookmark: _Toc95659018][bookmark: _Toc95659372][bookmark: _Toc97540406][bookmark: _Toc97541463]	A non-conventional approach to upper limb rehabilitation. The FES+iPad-based music therapy intervention was a non-conventional approach to post stroke upper limb rehabilitation. Though there is research to indicate the benefits of non-conventional approaches in the clinical context of stroke (e.g.: tablet technology and music therapy), they are not widely accessible in the stroke rehabilitation units across Australia. These non-conventional approaches are also not highlighted as avenues for rehabilitation in the Clinical Guidelines for Stroke Management (Stroke Foundation, 2022). As the FES+iPad-based music therapy intervention showed preliminary benefits for upper limb recovery and reducing anxiety, it is therefore important for stroke survivors to learn more about these such non-conventional approaches for supporting their ongoing recovery. 
[bookmark: _Toc95061338][bookmark: _Toc95283240][bookmark: _Toc95284961][bookmark: _Toc95380299][bookmark: _Toc95380646][bookmark: _Toc95380994][bookmark: _Toc95659019][bookmark: _Toc95659373][bookmark: _Toc97540407][bookmark: _Toc97541464]Engagement is not determined by the presence of active movement. The intervention participants who engaged with the FES+iPad-based music therapy intervention had minimal to nil presenting upper limb function. This limitation in movement did not determine the individuals’ ability to engage with the intervention as it was made accessible to them. By combining functional electrical stimulation with an iPad-based music-making application, the participants were able to initiate active movement that gave auditory and visual sensory feedback (i.e. through the notes on the iPad), even if they did not display any observable movement on commencement of the session. Therefore, stroke survivors who have no presenting movement should be given the opportunity to engage with this form of music-making, and thus upper limb rehabilitation. 
[bookmark: _Toc95061340][bookmark: _Toc95283242][bookmark: _Toc95284963][bookmark: _Toc95380301][bookmark: _Toc95380648][bookmark: _Toc95380996][bookmark: _Toc95659021][bookmark: _Toc95659375][bookmark: _Toc97540408][bookmark: _Toc97541465]The importance of self-directed practice. Self-directed practice was an important component of the intervention protocol as it encouraged the stroke survivors to take ownership of their therapy. In choosing the exercises to focus on, as part of self-directed practice, the intervention participants were given a sense of empowerment and autonomy in the process. Self-directed practice may combat the boredom that stroke survivors often report experiencing between formal treatment sessions (Kenah, et al., 2018), and in turn, lead to better functional recovery. 
[bookmark: _Toc95061054][bookmark: _Toc95061341][bookmark: _Toc95282667][bookmark: _Toc95283243][bookmark: _Toc95284964][bookmark: _Toc95380302][bookmark: _Toc95380649][bookmark: _Toc95380997][bookmark: _Toc95659022][bookmark: _Toc95659376][bookmark: _Toc97540409][bookmark: _Toc97541466]For Music Therapists
[bookmark: _Toc95061346][bookmark: _Toc95283248][bookmark: _Toc95284969][bookmark: _Toc95380307][bookmark: _Toc95380654][bookmark: _Toc95381002][bookmark: _Toc95659027][bookmark: _Toc95659381][bookmark: _Toc97540410][bookmark: _Toc97541467][bookmark: _Toc95061342][bookmark: _Toc95283244][bookmark: _Toc95284965][bookmark: _Toc95380303][bookmark: _Toc95380650][bookmark: _Toc95380998][bookmark: _Toc95659023][bookmark: _Toc95659377]Encouraging mental practice. Participants were encouraged to engage with mental practice between formal therapy sessions. Sometimes, the participants also requested to engage with mental practice during the formal FES+iPad-based music therapy session prior to attempting more complex exercises. As mental practice highlights the same musculature (muscle groups) as the physical practice of the same task for stroke survivors (Barclay, et al., 2020; Page, et al., 2015), the participants were furthering their recovery progression whilst engaged in mental practice. 
[bookmark: _Toc97540411][bookmark: _Toc97541468]Learning from and collaborating with allied health disciplines. The FES+iPad-based music therapy intervention was influenced by the disciplines of occupational therapy, physiotherapy and music therapy. By drawing upon the individual benefits of functional electrical stimulation, tablet technology and music therapy, I was able to create an intervention that was made musical instrument playing accessible for stroke survivors with significant upper limb hemiparesis (Silveira, et al., 2020). Further, if I had not taken the time to learn from and collaborate with my physiotherapy and occupational therapy colleagues, this intervention would not exist. Therefore, it is important for music therapists to collaborate with other disciplines to not only extend their own understanding of supporting stroke survivors, but to also more carefully consider how these collaborative processes could lead to better engagement and thus outcomes for stroke survivors. Further, in recognition of the emerging new technologies for use in stroke recovery, I would also recommend that music therapists consider how they can combine music therapy practice with technology (e.g. FES, robotics, etc). 
[bookmark: _Toc95061055][bookmark: _Toc95061347][bookmark: _Toc95282668][bookmark: _Toc95283249][bookmark: _Toc95284970][bookmark: _Toc95380308][bookmark: _Toc95380655][bookmark: _Toc95381003][bookmark: _Toc95659028][bookmark: _Toc95659382][bookmark: _Toc97540412][bookmark: _Toc97541469]For Allied Health Clinicians
[bookmark: _Toc95061348][bookmark: _Toc95283250][bookmark: _Toc95284971][bookmark: _Toc95380309][bookmark: _Toc95380656][bookmark: _Toc95381004][bookmark: _Toc95659029][bookmark: _Toc95659383][bookmark: _Toc97540413][bookmark: _Toc97541470]Learning from and collaborating with music therapists. The findings of this study highlight the benefits of collaboration with a credentialed music therapist. Recognising the intervention participants value of the musical component central to FES+iPad-based music therapy, music therapy engagement could have multiple benefits on the functional recovery of the upper limb and experience of anxiety. As the incidence of mental health challenges for stroke survivors continues to rise (Terril, Schwartz & Belagaje, 2018), it is necessary for clinicians to consider non-conventional approaches to rehabilitation that have the potential to address both goals of functional recovery and wellbeing (e.g.: Music Therapy). Advocating for more collaboration with music therapists also supports the recommendation for a multidisciplinary approach to rehabilitation, as indicated by the Clinical Guidelines for Stroke Management (Stroke Foundation, 2021). Further, in learning from music therapists, other disciplines may also gain the skills to effectively implement musical elements as part of their conventional approaches to upper limb rehabilitation. 
[bookmark: _Toc95061351][bookmark: _Toc95283253][bookmark: _Toc95284974][bookmark: _Toc95380312][bookmark: _Toc95380659][bookmark: _Toc95381007][bookmark: _Toc95659032][bookmark: _Toc95659386][bookmark: _Toc97540414][bookmark: _Toc97541471]	Connecting multiple cortices of the brain. The musical aspect of this intervention targeted audio-motor coupling (Hanneton et al., 2020). As audio-motor coupling can strengthen the connection from the movement of the hand (creating sound on the instrument) to the damaged area of the brain, the FES+iPad-based music therapy intervention was working to simultaneously activate the auditory and motor cortices. Further, as there was visual feedback offered when the stroke survivor created sound on the iPad-based instrument, they were also potentially activating the visual cortex simultaneously. I would therefore recommend that clinicians creatively consider how their approach to supporting the rehabilitation of stroke survivors could highlight multiple areas of the brain simultaneously for the purpose of enhancing engagement and motivation through sensory feedback (Van Wijck, et al., 2011). 
[bookmark: _Toc97540415][bookmark: _Toc97541472][bookmark: _Toc95061056][bookmark: _Toc95061353][bookmark: _Toc95282669][bookmark: _Toc95283255][bookmark: _Toc95284976][bookmark: _Toc95380314][bookmark: _Toc95380661][bookmark: _Toc95381009][bookmark: _Toc95659034][bookmark: _Toc95659388]Focus of rehabilitation on the wrist and fingers. The intervention participants felt that their improvement in function was specific to their wrist and fingers. In creating an accessible approach to upper limb rehabilitation, the stroke survivors did not need to make gains in gross motor movement before working towards their fine motor recovery. Recognising that many of the usual treatment interventions were based upon the gross motor rehabilitation of the upper limb, I would recommend that allied health clinicians consider exercises that focus on gross and fine motor movement.  
[bookmark: _Toc97540416][bookmark: _Toc97541473]For Policy 
Though the currently recommended interventions, under the Clinical Guidelines for Stroke Management, have proven benefits for upper limb recovery (Stroke Foundation, 2022), there are no reported simultaneous benefits on wellbeing (e.g.: anxiety). As identified from the findings of this study, not only does the FES+iPad-based music therapy intervention have potential benefits for functional activity and strength of the upper limb, but it may also benefit the stroke survivor’s overall experience of anxiety. Therefore, the findings of this study provide a starting point for advocating for therapeutic musical instrument playing to be recognised as a suitable recommendation for concurrently supporting post-stroke upper limb rehabilitation and anxiety.

[bookmark: _Toc95061062][bookmark: _Toc95061359][bookmark: _Toc95282675][bookmark: _Toc95283261][bookmark: _Toc95284982][bookmark: _Toc95380315][bookmark: _Toc95380662][bookmark: _Toc95381010][bookmark: _Toc95659035][bookmark: _Toc95659389][bookmark: _Toc97540417][bookmark: _Toc97541474]Conclusion
This was the first documented randomised controlled trial to examine the impact of FES+iPad-based music therapy for stroke survivors with significant upper limb weakness. An accessible intervention to engage stroke survivors in active music-making was developed and tested. The findings of this mixed methods study suggest benefits of the intervention for upper limb recovery and the experience of anxiety. As upper limb hemiparesis (Stoykov & Corcos, 2009) and post-stroke anxiety (Terril, et al., 2018) are commonly experienced by stroke survivors, the findings of this pilot study have implications for the use of the novel FES+iPad-based music therapy intervention in stroke rehabilitation.
The qualitative component of this study identified the specific role that musical engagement had on the intervention participants clinically meaningful improvement in upper limb function and anxiety. In this way, FES+iPad-based music therapy was able to engage stroke survivors in task-specific practice (Hubbard et al., 2009) whilst simultaneously supporting their engagement with non-verbal expression (Magee et al., 2017). Given the rising incidence of post-stroke mental health challenges (Terril, et al., 2018), it is important to provide stroke survivors more access to interventions that have the potential to simultaneously address goals of functional recovery and wellbeing. I would therefore encourage clinicians to use this intervention and also to create more innovative and collaborative approaches for supporting the multiple needs of stroke survivors (Raglio et al., 2017). 
As there were no previous trials examining music-making for stroke survivors with significant upper limb weakness, the preliminary findings of this study suggest that this novel intervention has clinical relevance in stroke rehabilitation and addresses a gap in the current body of literature. This accessible intervention sought to concurrently examine the benefits of musical engagement on upper limb function, depression, anxiety, stress and self-efficacy. The findings suggest potential benefits of FES+iPad-based music therapy on the upper limb function and anxiety of stroke survivors. These results are testament to the importance, need and value of collaboration, innovation and access to music therapy in stroke rehabilitation. 
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Date        



Patient ID 



 



 



 



“Examining the effect of FES+iPad-based music therapy on arm/hand 



function and wellbeing outcomes for stroke survivors” 
 



Checklist for eligibility (ALL stroke patients are to be included in the screening process)  



 YES NO 



Medical diagnosis of stroke   



Recruited within 4 weeks of stroke onset   



Inpatient status   



Upper limb hemiparesis secondary to stroke   



Less than grade 3 level of strength (inclusive) in at least 3 out 



of 5 muscle groups of the affected upper limb 



shoulder flexors: 0         1          2         3           4           5  



elbow extensors: 0         1          2         3           4           5 



elbow flexors:     0         1          2         3           4           5 



wrist extensor:    0         1          2         3           4           5 



wrist flexors:      0         1          2         3           4           5 



  



Score at least 24 on the Mini Mental State Examination   



Able to follow 2-stage commands   



Predicted length of stay to be a minimum of 4 weeks   



No impairment in receptive communication   



No presence of cardiac pacemaker, hypersensitivity to 



electrical stimulation, severe skin conditions and/or epilepsy 



  



No pre-existing condition affecting upper limb function (e.g. 



arthritis) 



  



 



Patient is eligible for inclusion if ALL the above are answered “YES” 



 



Completed by:  
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