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Abstract 

Spinal cord injuries (SCI) often lead to impaired hand function, reducing independence 

and requiring sustained motivation for rehabilitation, particularly when movement 

feedback is compromised. Augmented feedback, such as electromyography (EMG)-based 

visual feedback, may support motor learning and motivation, but its impact on SCI 

rehabilitation remains underexplored. This study investigates how EMG-based visual 

feedback influences motivation and its’ suitability for hand function rehabilitation. Using 

a qualitative approach informed by Self-Determination Theory, we conducted semi-

structured interviews with five individuals with tetraplegia and a focus group with seven 

occupational therapists. Findings indicate that EMG feedback serves as an extrinsic 

motivator by providing tangible progress indicators and may enhance intrinsic motivation 

fostering enjoyment and aligning with personal interests. Themes highlight its potential 

across rehabilitation contexts, from pre-functional muscle awareness to improved patient-

therapist communication. This research underscores EMG visual feedback’s role in 

bridging subfunctional and functional movement, offering a promising tool for advancing 

SCI rehabilitation. 
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Chapter 1. Introduction 

In Canada, more than 86,000 people are living with a Spinal Cord Injury (SCI; 

Praxis Spinal Cord Institute, 2022). SCIs are a result of damage to the spinal cord causing 

impairments in movement, sensation, and visceral function below the neurological level 

of injury. The most common causes of such injuries include falls, motor vehicle 

accidents, degenerative diseases, and tumours (Praxis Spinal Cord Institute, 2022). 

Depending on the examination findings, the SCI severity is classified as completely 

(complete SCI) or partially injured (incomplete SCI) in which case, some sensory and 

motor functions are partially preserved. The neurological level of injury on the spinal 

cord determines what parts of the body will be affected by impaired mobility, sensation, 

and autonomic functions. Paraplegia is the term applied to injuries causing impairment 

distal to the axilla (below level T2), whereas tetraplegia refers to injuries involving the 

cervical spine segment (level C1-T1). Due to resulting neurological impairments an 

individual’s ability to perform activities of daily living (ADLs) may be severely impacted 

after an SCI.  

A primary focus of rehabilitation is to re-learn muscle control and return 

individuals to a higher level of mobility and independence – a process that demands a 

great deal of effort and motivation (Colombo et al., 2007a; Güngör, 2024; Nas et al., 

2015a; Yoshida et al., 2021a). Feedback about movement performance can play an 

integral role in the learner’s motivation, which has a direct effect on motor performance 

and learning (Schmidt et al., 2019a). Given the nature of these injuries, however, the 

inherent ability to receive feedback while attempting movements (i.e., visual, 

proprioceptive, etc.) is compromised. In affected limbs, where little to no movement may 



 

2 

occur despite strong intention, the inability to visualize effort and small gains can 

translate into feelings of hopelessness and demotivation especially early in rehabilitation 

(Yoshida et al., 2021a). Rehabilitation outcomes after an SCI are known to be highly 

affected by the individual’s level of motivation, making it a driving factor in the 

effectiveness of therapy (Maclean et al., 2002b; Wang et al., 2014). Therefore, 

individuals undergoing rehabilitation from an SCI could benefit from improved and 

augmented external movement feedback as a mechanism for increasing motivation. 

In both incomplete and complete injuries, even subtle movement intention can be 

detected and recorded by electromyography (EMG, electrical signals produced by 

muscles) and converted to visual data (i.e., visual feedback of EMG activity). By 

providing this feedback, an individual could perceive the movement intent of their 

subfunctional limb (i.e., impaired limb) in real-time and engage in re-learning the cause-

and-effect relationship between intention and muscle activation. Visual feedback of EMG 

activity does not require the user to be able to even move their limb or accomplish a 

functional task, it is a seemingly viable option for use in SCI rehabilitation. Despite its 

discovery decades ago, the literature related to visual feedback of EMG for rehabilitation 

post-stroke and SCI is limited. In post-stroke studies, positive effects were found in 

increasing functional scores and EMG activity in muscles responsible for hand movement 

and in reducing spasticity (Armagan et al., 2003; Doan-Aslan et al., 2012; Gámez et al., 

2019). Studies with SCI participants, however, have thus far revealed inconclusive 

findings for the benefit of therapy involving visual feedback of EMG activity (Brucker & 

Bulaeva, 1996; Klose et al., 1993; Stein et al., 1990). 
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Advancements in machine learning and pattern recognition in the field of 

myoelectric control of upper limb prostheses offer a potential alternative approach to how 

visual feedback of EMG has been used in SCI and stroke rehabilitation. Visual feedback 

of EMG activity can be presented in various ways, highlighting different aspects of the 

myoelectric signal. A common approach to visual feedback is presenting the EMG signal 

information derived from distinct electrodes (e.g., a single muscle or an antagonist 

muscle pair; Resnik et al., 2018). In this work, we will call this a direct feedback 

approach. Here, the information provided to the user is based on the activation level of a 

specific muscle, which presents challenges when working with populations with limited 

voluntary muscle activation. Within the umbrella of direct feedback, visual feedback can 

start to become more meaningful when you move from using a single electrode to 

visualizing feedback from multiple electrodes. With more information, you can start to 

see pseudo patterns emerge in the visual feedback. This direct approach to visual 

feedback, however, has dominated the previous literature seeking to examine the effects 

on functional outcomes and/or increase voluntary muscle activity. Alternatively, pattern-

based feedback approaches are techniques where EMG signals are recorded from 

multiple muscles simultaneously to produce unique patterns based on their synergistic 

activations. This approach uses pattern-recognition algorithms to compute the visual 

output. This technique offers a new approach to how visual feedback has traditionally 

been used in rehabilitation for neurological impairments. A particular advantage of a 

pattern-based approach is that it does not exclusively rely on amplitude information, or 

the ability to contract any one given muscle. With a pattern-based approach, visual 
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feedback may present a more comprehensive picture of amplitude, spatiotemporal, and 

frequency information; however, this may come at the cost of interpretability.  

While these approaches have been leveraged successfully for myoelectric device 

control, research in prosthetics has also employed these concepts for visual feedback and 

identified them as a means of enhancing motor learning and motivation (Sturma et al., 

2018). Recent work has identified that pattern-based feedback approaches may more 

broadly be useful for training and rehabilitation for those with neurological impairments 

(Seth et al., 2019). The potential to detect and decode movement intent from 

subfunctional muscle contractions using pattern-recognition techniques has been 

demonstrated in individuals post-stroke and SCI (Liu et al., 2014; Liu & Zhou, 2013; Lu 

et al., 2019; Seth et al., 2019; Zhang & Zhou, 2012a); however, no previous work in these 

populations have explored a pattern-based approach to visual feedback or incorporated an 

exploration of motivation. Consequently, in this work, a qualitative descriptive design 

will be used to gather subjective patient and clinician insights on the potential use of 

different forms of visual feedback of EMG activity to influence motivation and the 

suitability of these techniques for promoting hand function rehabilitation goals for 

persons with an SCI. The Self-Determination Theory of Motivation (SDT; Deci & Ryan, 

1985) will be used to guide the exploration of motivation in rehabilitation.  

By recognizing a greater variability of patterns, this work could create more 

options for feedback that do not rely on functional movement. In addition to having the 

potential to increase patient motivation, real-time muscle feedback could be valuable for 

therapists who are continually re-evaluating clients’ needs during rehabilitation and 

adapting their respective programs. The knowledge gained through this qualitative 
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exploration will provide insights for the development of future interventions and to 

further explore the potential of visual feedback of EMG activity for rehabilitation of hand 

and wrist function for persons with SCI. 

1.1 Research Questions 

This work will address two main research questions (RQ’s): 

RQ1: How could different forms of visual feedback of EMG activity influence 

motivation for persons with a SCI? 

RQ2: What is the suitability of different forms of visual feedback of EMG activity to 

promote hand function rehabilitation goals for persons with a SCI?  
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Chapter 2. Background 

The following chapter provides background information about SCIs, motivation 

in rehabilitation, and the use of EMG as augmented feedback in rehabilitation. Section 

2.1 includes a high-level description of SCIs including how clinicians typically measure 

and define the level of injury and functional outcomes. The nervous system and the motor 

and sensory deficits related to movement following injury are briefly introduced. Section 

2.2 will explore motivation in rehabilitation through the lens of the Self Determination 

Theory. Section 2.3 includes a description of muscle signal recording techniques, 

including EMG, and how EMG is affected following an SCI. Finally, Section 2.4 

presents augmented feedback and the use of EMG as a means to provide visual feedback 

and increase motivation in an SCI patient population.  

2.1 Clinical Population: Spinal Cord Injury  

SCIs are a result of damage to the spinal cord, most commonly caused by motor 

vehicle accidents, falls, acts of violence, and sports/recreation activities (“Spinal Cord 

Injury (SCI) 2016 Facts and Figures at a Glance,” 2016). While each injury is unique in 

terms of the functions that are affected, individuals with an SCI often present with 

impairment to normal movement, sensation, and visceral function below the neurological 

level of injury. The following sections will cover the relevant anatomy of the nervous 

system, describe how SCIs are classified, and present an overview of common motor and 

sensory deficits post-SCI.  

2.1.1 Clinically Relevant Anatomy  

The nervous system is divided into the central nervous system (CNS; brain and 

spinal cord) and the peripheral nervous system (PNS; lower motor and sensory 
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pathways). Upper motor neurons are completely contained within the CNS and connect 

to lower motor neurons through interneurons. The upper motor neuron is responsible for 

integrating and translating the excitatory and inhibitory signals from the cortex. The 

spinal cord, containing upper motor neurons, is divided into sections that correspond to 

paired nerves (8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal). Within the 

PNS, the lower motor neurons project into the periphery and relay the incoming signals 

to muscles. These projecting motor pathways regulate both voluntary control of skeletal 

muscles (somatic nervous system) and involuntary control of organs (autonomic nervous 

system).  

2.1.2 Spinal Cord Injury Classification 

SCIs are a result of damage to the spinal cord causing impairments (e.g., strength, 

sensation, etc.) below the neurological level of injury. An SCI that occurs because of an 

adverse event (e.g., motor vehicle accident, fall, violence, etc.) is categorized as a 

traumatic SCI. Injuries can also occur from spondylosis, infections, or tumours, and are 

defined as non-traumatic SCIs. An SCI can further be described by the neurological level 

of injury and is typically denoted by a letter followed by a number, indicating the spinal 

cord section and the vertebrae affected, respectively. Vertebral injuries in adults occur 

most often at the cervical level (C1-C2 and C4-C7) and thoracic-lumbar level (T10-L2; 

McCance & Huether, 2019). Depending on the examination findings, the SCI severity is 

classified as complete or incomplete. In a complete SCI, there is no function below the 

neurological level of injury because all tracts in the spinal cord are completely disrupted 

(McCance & Huether, 2019). In an incomplete SCI, sensory and/or motor functions are 

partially preserved. The neurological level of injury determines what parts of the body 
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will be affected in terms of mobility and sensation. Paraplegia is the term applied to 

injuries causing impairment distal to the axilla (below level T2), whereas tetraplegia 

refers to injuries involving the cervical spine segment (level C1-T1). Clinicians typically 

measure and define the degree of impairment using the American Spinal Injury 

Association (ASIA) Impairment Scale (AIS; “The 2019 Revision of the International 

Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI)-What’s 

New?,” 2019) as follows: 

A: a complete SCI with no sensory or motor function preserved in the sacral 

segments of S4-S5.  

B: a sensory incomplete SCI with motor deficit without sensory loss below the 

neurological level, including the sacral segments of S4-S5 (light touch, pin 

sensation or deep anal pressure at S4-S5), and there is no protected motor function 

from three levels below the motor level at each half of the body.  

C: a motor incomplete SCI with motor function preserved below the neurological 

level 1 and more than half of the muscles below this level have strength lower 

than 3/5 (0, 1 or 2).  

D: a motor incomplete SCI with motor function preserved below the neurological 

level 1 and at least half of the muscles (half or more) below this level have 

strength higher than 3/5.  

E: an SCI injury where sensory and motor function, as assessed by International 

Standards for Neurological Classification of Spinal Cord Injury (ISNCSC), are 
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normal in all segments. Note that someone without a spinal cord injury does not 

have an AIS degree. 

2.1.3 Motor Deficits 

Muscle Weakness and Paralysis 

One of the most prominent impairments following an SCI is the loss of voluntary 

motor control. For example, muscle weakness and paralysis are common signs of both 

upper and lower motor neuron lesions. Depending on the severity of the injury, 

individuals may exhibit these signs where the degree of impairment is proportional to the 

number of lower motor neurons affected (McCance & Huether, 2019). If the descending 

input from the CNS to a specific motor pool is impaired by injury, some motor neurons 

will not be excited to threshold voltage by voluntary effort and their muscle fibres will 

not contract (Thomas et al., 1997). Additionally, damage to the spinal cord can reduce the 

number of motor neurons that can be recruited by voluntary effort and/or the rate at 

which they fire (Thomas et al., 1997). 

Muscle Atrophy 

Muscle atrophy, commonly seen in lower motor neuron lesions, is another 

observed sign that affects motor control. Muscle atrophy is the loss of muscle tissue due 

to inactivity or because the muscle is no longer receiving signals from the nerves. 

Thomas et al. (1997) claimed that muscle atrophy was the factor responsible for the 

greatest loss of whole-muscle strength.  
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Spasticity  

Spasticity is a stretch reflex disorder, which appears as an increase in muscle tone 

and a resistance to stretch that becomes more apparent with rapid stretching movement. 

This involuntary muscle activation is common in upper motor neuron lesions and is 

typically manifested in the upper extremity as flexor spasticity (Yu et al., 2020). If 

hypertonia is severe, it can cause joint contractures (McCance & Huether, 2019), further 

limiting joint movement. For localized spasticity, muscle-relaxing drugs like Botulinum 

are prescribed to reduce spasticity (McCance & Huether, 2019). 

Abnormal Co-Activation 

Co-activation is the simultaneous activity of agonist and antagonist muscles 

crossing the same joint (Busse et al., 2005). The agonist muscle produces force in a 

direction determined by the task, while the antagonist opposes this action (Latash, 

2018a). The antagonist muscle does not necessarily only oppose motion but may function 

to give stability and stiffness to a joint (Latash, 2018a). Maladaptive coactivation in 

persons with sensorimotor deficits is often manifested as a reduction in the generated 

force (Latash, 2018a). In Chae et al. (2002a), the EMG activity of 26 hemiparetic stroke 

survivors was recorded during isometric wrist flexion and extension, and it was found 

that muscle weakness and the degree of co-activation correlated significantly with motor 

impairment and physical disability. Significant effort is placed on the reduction of co-

activation in neurorehabilitation in stroke survivors (Hung et al., 2021a; Marin-Pardo et 

al., 2020a; Mugler et al., 2019a; Shuhan et al., 2019a).  
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2.1.4 Sensory Deficits  

Tactile Perception 

Following an SCI, the conduction of sensory signals to the brain is also affected, 

thus the ability to feel heat, cold, pain, and touch is altered. Spinal nerves receive sensory 

information from defined areas on the skin, called dermatomes. During an initial 

neurological examination, the patient’s sensory level is typically defined by testing the 

sensitivity of all 28 dermatomes bilaterally through pin prick testing and light touch 

(Marino et al., 2003).  

Proprioception 

Proprioception refers to the sensory information coming from the musculoskeletal 

system. As the tissues (i.e., skin, muscles, tendons, etc.) around a joint deform during 

limb movement (Proske & Gandevia, 2012), sensory receptors relay information to the 

brain about the state of the motor system, which is essential for motor control. The lack 

of sensory feedback from one’s body following an SCI greatly affects their ability to 

sense limb position, movement, tension or force, effort, and maintain balance (Proske & 

Gandevia, 2012). 

 Vision is not necessary for proprioception but provides information about the 

movements of objects and one’s body in the environment. Because of the level of trust 

humans place in visual feedback, motor behaviours are largely tailored to match what is 

visually presented in our environment (Schmidt et al., 2019a).  

2.2 Motivation in Rehabilitation  

Depending on the severity of the SCI, lifelong management is often required. 

Research demonstrates that early (Ganguly & Poo, 2013) and intense (Bowden et al., 



 

12 

2013) intervention leads to better long-term outcomes. However, challenges and barriers 

associated SCI recovery (e.g., slow progress, program follow-through at home, personal 

factors, lack of community-based resources, and cost) can greatly affect patient 

motivation and their drive to actively participate (Colombo et al., 2007b; Rapolienė et al., 

2018). Rehabilitation outcomes after an SCI are highly dependent on an individual’s 

active involvement (Lequerica et al., 2009a), so a lack of motivation and engagement to 

participate in prescribed rehabilitation activities can directly hinder the progress towards 

functional improvement. Therefore, motivation and engagement are crucial factors to 

consider in the development and assessment of rehabilitation activities.  

2.2.1 Theoretical Framework 

Kusec et al. (2019) emphasize the importance of using a theoretical framework 

when attempting to explain a complex construct such as motivation. To ground this work, 

the following section draws on the Self-Determination Theory of Motivation (SDT; Deci 

& Ryan, 1985) and the body of literature surrounding it for rehabilitation. SDT was first 

introduced by psychologists Edward Deci and Richard Ryan in 1985. Their theory 

suggests that people have an innate tendency towards personal growth and action, but that 

they also rely on their social context for nurturing (Deci & Ryan, 2000a). 

SDT has been recommended as a suitable framework for understanding a number 

of activities, such as participation in daily and social activities among adults with SCI 

(Michalovic et al., 2019a), participation in physical activity in a group of adults with 

physical disabilities including SCI (Saebu et al., 2013a), goal setting in SCI rehabilitation 

(Siegert & Taylor, 2004a), and motivational processes for health-related behaviours (Ng 
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et al., 2012a). However, despite this growing body of work, more research is needed 

using SDT as a framework to better understand motivation in rehabilitation. 

Motivation Continuum 

SDT suggests that motivation exists on a continuum (Figure 1), ranging from 

amotivation to extrinsic motivation, to intrinsic motivation, with various types of 

regulatory styles (i.e., how and why individuals regulate) between them (Ryan & Deci, 

2000). At the far left of the self-determination continuum lies amotivation, characterized 

by a lack of intent to act, stemming from the absence of perceived value or belief in one's 

ability to succeed (Ryan & Deci, 2000). As we move along the continuum, we encounter 

extrinsically motivated behaviours, driven by external factors such as rewards, incentives, 

or punishments (Deci & Ryan, 2000b). These extrinsically motivated behaviours vary in 

their degree of autonomy, and range from external regulation, which is the least 

autonomous, to more integrated forms of motivation. At the far right of the continuum 

lies intrinsic motivation, which refers to behaviours performed purely for the inherent 

satisfaction, interest, and enjoyment they provide (Deci & Ryan, 2000b). 
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Figure 1. Taxonomy of motivation types and regulatory styles.1 

 

Psychological Needs Satisfaction 

Deci and Ryan also explain that humans are born with three basic psychological 

needs: autonomy, competence, and relatedness (Deci & Ryan, 2000a). Autonomy is the 

sense that one has a choice and control over their decisions, behaviours, and goals. 

Competence is the experience of mastery through learning different skills and having 

confidence in those skills to lead to success. Finally, relatedness is the connection one 

feels to others and the sense of security with their support system. Fulfilment of these 

three needs is the foundation of self-determined behaviours, including intrinsic 

motivation.  

 

 

1 Figure reproduced from “Self-determination theory and the facilitation of intrinsic motivation, social 

development, and well-being,” by Ryan, R. M. and Deci, E. L., 2000, American Psychologist, 55(1), 68–

78. Copyright © 2000 by American Psychological Association. Reprinted with permission. 
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Intrinsic Motivation 

Intrinsic motivation refers to behaviours done for their inherent interest, 

enjoyment, and value; whereas behaviours that are extrinsically motivated are driven by 

external factors such as rewards or incentives (Deci & Ryan, 2000a). SDT has been used 

to investigate, in both laboratory and field studies, the factors that affect intrinsic 

motivation (Ryan & La Guardia, 2004). For instance, Yoshida et al. (2021a) explain that 

a stroke patient in acute recovery whose likelihood of recovery is high, may be more 

motivated by extrinsic factors (e.g., functional recovery, returning to their before injury 

life). Conversely, supporting intrinsic motivation may be especially important for 

individuals in rehabilitation following an SCI, due to an often more serious prognosis 

demanding lifelong management. In this case, extrinsic motivation, based on external 

rewards, may no longer be beneficial in the later phase of their recovery where functional 

improvements may appear to have plateaued. An individual may struggle to stay 

motivated in a prescribed rehabilitation program, but if they view the process as valuable 

to them and engage in more self‐determined behaviours, they will benefit from “a 

stronger sense of personal commitment, greater persistence, more positive feelings, 

higher quality performance, and better mental health” (Deci & Ryan, 2000a). 

Rehabilitation Engagement and Long-Term Adherence 

The role of intrinsic motivation is well-established in healthcare settings, such as 

in physical exercise, prescription adherence, and diabetes management (Medley & 

Powell, 2010). In a qualitative study exploring factors that influence engagement in 

rehabilitation, a theme identified by the majority of participants was the importance of 

self-motivation (Signal et al., 2016). Individual motivation contributes to explaining 
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patient participation in rehabilitation and is a necessary precursor to engaged 

participation (Lequerica & Kortte, 2010). Lequerica and Kortte (2010) define 

engagement as “a construct that is driven by motivation and executed through active, 

effortful participation.” In Luker et al. (2015b) and Niall Maclean and Pound (2000), 

intrinsic motivation was associated with increased engagement and positive outcomes in 

rehabilitation and identified as an essential component of long-term rehabilitation 

adherence for patients recovering from stroke (Oh & Hwang, 2020). 

Motivation is complex and exists on a continuum, with benefits from different 

regulatory styles varying depending on the individual, their stage of recovery, and other 

contextual factors. In general, there is a consensus among the literature that intrinsically 

motivated individuals tend to better participate in the activities of rehabilitation and 

benefit from greater positive outcomes than those who are less motivated (Maclean et al., 

2002b; Wang et al., 2014). 

2.3 Surface Electromyography  

Electromyography (EMG) is a technique used to record and evaluate the electrical 

activity produced by skeletal muscles when contracted as a measure of motor unit 

recruitment. Electrodes, which are usually made with silver (Ag) or with a silver/silver-

chloride (Ag/AgCl) material, detect potential differences generated by ionic currents 

flowing in the body (Merletti & Cerone, 2020). Intramuscular needle electrodes have 

been and remain the standard tool for single motor unit analysis (Roberto Merletti et al., 

2008), however, surface electromyography (sEMG) is a less invasive and more practical 

recording technique that can provide an estimate of regional muscle activity under the 

specific electrode. The resulting signals include amplitude and temporal information from 
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a larger proportion of motor units in comparison to using needle electrodes (Hogrel, 

2005). However, unlike the needle electrode that can record action potentials from a 

single muscle unit, surface electrode signals are limited to a complex superposition of 

action potentials from superficial muscles and are influenced by multiple variables (e.g., 

noise, skin-electrode interface, muscle crosstalk, etc.). Nevertheless, sEMG enables the 

measurement of the activity of several muscles at the same time during complex motor 

tasks, including activities of daily living (ADLs).  

After an SCI, abnormal muscle synergies and patterns of co-activation, and 

compensatory movement strategies, can often be observed (Balbinot et al., 2021). 

Spasticity is a symptom often associated with stroke and SCIs which appears in sEMG as 

rapid, sporadic, and involuntary increases in signal amplitude. During volitional muscle 

activity, individuals with an SCI experience reduced muscle strength and coordination. A 

study by Thomas et al. (1997) found that the mean sEMG generated by individuals with 

SCI during maximum voluntary contractions was significantly less than those produced 

by controls, with the majority of impaired muscles (71%) generating less than 10% of the 

average able-bodied sEMG. Foundational work by Calancie and colleagues demonstrated 

that sEMG signal amplitude is highly correlated with muscle strength after SCI and can 

be used as a good approximation of volitional control during recovery (Calancie et al., 

2001).  

2.4 Augmented Feedback 

Motor learning is a complex process that relies on both feedforward and feedback 

information (Shehata, Engels, et al., 2018). For a typical motor task, such as grasping, the 

brain is continuously updating its control planning using sensory feedback (i.e., tactile, 



 

18 

visual, etc.; Shehata, Engels, et al., 2018). The combination of sensory information from 

proprioception and the external world allows the coordination of movement, grading of 

muscular contraction, and maintenance of posture (Proske & Gandevia, 2012). These 

types of information can be called “feedback” and can be subdivided into two broad 

classes: inherent feedback and augmented feedback (Schmidt et al., 2019a). Inherent 

feedback refers to the natural sensory information gained during movement execution, 

such as touch and sight. With augmented feedback, an individual receives supplemental 

information that is not normally available. In the case of an SCI, where connections from 

the CNS to the periphery are interrupted (i.e., disrupting the normally available inherent 

feedback), augmented feedback could allow individuals to explore information about 

intended gestures in subfunctional limbs by partially restoring the feedback mechanism. 

Mirror therapy is a similar well-known augmented feedback technique mostly used for 

phantom limb pain in individuals with a limb difference and rehabilitation for persons 

living with the effects of a hemiplegic stroke (Thieme et al., 2018). In this treatment, 

patients view the reflection of their intact/unimpaired limb in a mirror to create the 

illusion of movements of the missing or impaired limb (Ganguly & Poo, 2013).  

2.4.1 Visual Feedback of EMG Activity  

In both complete and incomplete SCIs, patterns of movement intention can be 

detected and recorded by EMG and converted to visual data (Figure 2). By providing 

visual feedback of EMG activity, an individual could perceive the movement intent of 

their subfunctional limb and benefit from a greater understanding of the relationship 

between effort and outcome. In turn, rehabilitation practices can be complemented by 

using visual feedback of EMG activity to provide the user and clinician with valuable 



 

19 

subfunctional details and external feedback. In additional to aiding with the assessment of 

general compliance to clinical instruction, visual feedback of EMG activity can provide 

information regarding calibration of force, coordination of multi-muscle activation, 

timing of muscle activation and deactivation, lesion severity and progression, muscle 

fatigue, level of co-contraction during a functional task, and spontaneous muscle activity.  

 

Figure 2. Visual Feedback of EMG Activity. 2 

 

Feedback Approaches 

Visual feedback of EMG activity can be presented in various ways, highlighting 

different aspects of the myoelectric signal. The approaches providing feedback outlined 

in the following sections have traditionally been used for training to control a myoelectric 

prosthetic device. By leveraging these concepts for the purpose of motor rehabilitation, 

this work could create more options for feedback that have not previously been studied in 

neurologically impaired populations. In this work, existing forms of feedback are 

 

 

2 Modified figure from “Enhancing Nervous System Recovery through Neurobiologics, Neural Interface 

Training, and Neurorehabilitation,” by Krucoff, M. O., Rahimpour, S., Slutzky, M. W., Edgerton, V. R., & 

Turner, D. A. (2016). Frontiers in Neuroscience, 10. This figure is licensed under the Creative Commons 

Attibution 4.0 International Deed. To view a copy of this license, visit 

https://creativecommons.org/licenses/by/4.0/. 

https://creativecommons.org/licenses/by/4.0/
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organized into two categories: direct feedback and pattern-based feedback, each of which 

is described below.   

Direct Feedback 

Traditionally, direct visual feedback approaches present EMG signal information 

from distinct electrodes (e.g., a single muscle or an antagonist muscle pair). In these 

cases, the information presented is largely encoded in the signal amplitude only. This 

presents challenges, particularly in populations with limited muscle function. First, 

because persons with an SCI are limited in terms of viable recording inputs. Second, the 

one-to-one mapping of direct feedback is especially difficult due to limited voluntary 

muscle activation. The resulting signals can convey time and frequency data indicating 

the current activation of individual muscles; however, cannot provide representative 

information about the spatial distribution of EMG synergies and activity (Enoka, 2019). 

Within the umbrella of direct feedback, visual feedback can start to become more 

meaningful when you move from using a single electrode to visualizing feedback from 

multiple electrodes. With more information, you can start to see pseudo patterns emerge 

in the visual feedback. A direct approach to visual feedback has been explored in 

individuals' post-stroke and SCI as a means to improve functional outcomes and/or 

increase voluntary muscle activity (see Chapter 3). 

Pattern-Based Feedback 

Alternatively, in pattern-based feedback approaches, EMG signals are typically 

recorded from multiple muscles simultaneously to convey unique patterns of activation 

when the individual attempts different muscular contractions. In a direct feedback 

approach, a specific muscle contraction (e.g., wrist flexion) maps to an output (e.g., the 
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amplitude of a bar rises on a monitor, or a buzzer beeps); whereas, in a pattern-based 

approach, a synergy of contractions contributes to the visual output. A particular 

advantage of a pattern-recognition approach for EMG is that it does not exclusively rely 

on amplitude information, or the ability to contract any one given muscle. Distinguishing 

movement intent may be encoded in muscle synergies (i.e., patterns of activation) across 

measurement sites. Therefore, a pattern-based approach to visual feedback could present 

a more comprehensive picture of amplitude, spatiotemporal, and frequency information; 

however, this may come at the cost of interpretability. 

Recent work has identified that EMG signals recorded from paretic muscles of 

individual’s post-stroke (Lee et al., 2014; Zhang & Zhou, 2012b) and SCI (Liu et al., 

2014; Liu & Zhou, 2013; Lu et al., 2019; Seth et al., 2019) can reliably be used to decode 

movement intent using pattern recognition techniques. These studies did not include an 

element of visual feedback; however, they suggest that a pattern-based feedback 

approaches may more broadly be useful for training and rehabilitation for those with 

neurological impairments.  

Visual Feedback of EMG Activity for Patient Motivation 

In many SCIs, resulting neurological impairments significantly impact an 

individual’s ability to perform activities of daily living (ADLs). Moreover, in limbs 

where little muscle movement occurs at all, their ability to receive inherent feedback 

when attempting movements (i.e., visual, proprioceptive, etc.) is compromised. The 

inability to visualize effort and small gains may translate into feelings of hopelessness 

and demotivation, especially early in rehabilitation (Yoshida et al., 2021a). Therefore, 

persons with SCI could benefit from external feedback about movement intention, 
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particularly to increase motivation. As previously mentioned, this work will explore 

motivation in rehabilitation through the lens of Self-Determination Theory. This work 

hypothesizes that through needs satisfaction, visual feedback of EMG activity could 

positively influence motivation. Creating an environment where motivation can flourish 

is essential in rehabilitation settings. According to SDT, motivation is enhanced when the 

needs for autonomy, competence, and relatedness are met (Deci & Ryan, 2000a). 

Meeting these needs can help create the foundation for intrinsic motivation, where 

patients become naturally driven to engage in their rehabilitation for personal fulfillment. 

Rehabilitation strategies that aim to foster intrinsic motivation and adherence 

often include goal setting, progress monitoring, and positive, informative feedback 

(Kingston et al., 2021a; Ntoumanis et al., 2021a). By providing informative visual 

feedback, patients and clinicians may be better able to deconstruct a given task to achieve 

their goals and to monitor progress. Visual feedback of EMG activity could positively 

influence intrinsic motivation, particularly through building competence in the domain of 

skills training. Competence can be supported by tailoring rehabilitation activities to an 

appropriate level of challenge and providing structure. By doing so, patients are more 

likely to adhere to a program and master the specific exercise, thus satisfying the need for 

competence (Kingston et al., 2021a). Visual feedback of EMG activity may also give 

patients and clinicians an improved understanding of their injury by providing additional 

details about subfunctional muscle activity. A report on occupational therapist and 

physiotherapist practices in musculoskeletal therapy by (Babatunde et al., 2017a) outlined 

the importance of providing education to patients (e.g., rationale for the treatment and 

information about their injury) to promote adherence and autonomy. By involving the 
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patient, clinicians can promote autonomy and relatedness through a strong working 

relationship (Kingston et al., 2021a).  

Section Conclusion 

In summary, traditional rehabilitation for neurologically impaired populations 

primarily targets functional limitations through exercises designed to improve motor 

skills, strength, and tone management. However, in cases where individuals have 

severely limited muscle movement, visual feedback of EMG activity can play a unique 

role. By providing external feedback on muscular activity, even subtle or unobservable 

efforts, visual EMG feedback could help increase patient motivation, offering patients 

and clinicians a new avenue for assessing progress and fostering engagement in therapy. 

This feedback method has the potential to supplement traditional rehabilitation by 

enhancing patients’ understanding of their muscle activity and recovery, ultimately 

improving rehabilitation outcomes through informed, sustained motivation. 
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Chapter 3. Literature Review of Visual Feedback of EMG Activity 

Chapter 3 includes a description of related work on visual feedback of EMG 

activity. Section 3.1 outlines studies on the rehabilitation of hand and arm function in 

both post-stroke and SCI patient populations. Section 3.2 discusses the outcome measures 

and methodologies used in the reviewed literature. Section 3.3 presents different types of 

visual feedback of EMG activity, drawing inspiration from the field of myoelectric 

prosthetics. Finally, Section 3.4 includes a brief introduction to how EMG amplitude and 

patterns of activation can be leveraged to control a cursor on a screen in a game 

environment. 

3.1 Post-stroke and SCI studies 

For over 50 years, the effect of visual feedback of EMG activity has been studied 

in individuals with neurological impairments. Most outcomes of neurorehabilitation 

research are based on evidence from experiments in post-stroke patients as they represent 

a much larger patient group than patients with SCI (Gassert & Dietz, 2018). Stroke is the 

leading cause of adult disability in Canada with approximately 878,000 Canadians living 

with its effects (Public Health Agency of Canada, 2021). Despite decades of research, 

there are no publicly available national databases that report the incidence or prevalence 

of SCI in Canada, but it is estimated that 86,000 Canadians live with an SCI (Praxis 

Spinal Cord Institute, 2022).   

Neuromotor rehabilitation studies tend to be separated by the category of 

neurological disease or injury; however, non-progressive neurological diseases in adults 

(e.g., stroke, brain trauma, and SCI) are related by the presence of muscle weakness or 

paralysis (McCance & Huether, 2019). Despite differences in etiology and prognosis, 
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rehabilitation for non-progressive neurological diseases and injuries has a common goal 

of returning individuals to a higher level of mobility and independence. 

Research related to visual feedback of sEMG for use in the rehabilitation of hand 

and wrist function post-stroke and SCI is limited. Of those reported in the literature, there 

are few related studies conducted with persons living with the effects of a stroke 

(Armagan et al., 2003; Basmajian, 1978; Doan-Aslan et al., 2012; Gámez et al., 2019; 

Hung et al., 2021a; Marin-Pardo et al., 2020a; Mugler et al., 2019a; Rayegani et al., 

2014a; Shuhan et al., 2019a) and even fewer with SCI participants (Brucker & Bulaeva, 

1996; Klose et al., 1993; Stein et al., 1990). These few studies range from pilot studies to 

controlled experiments with varying participant sizes (n=6 to 100). A few reviews exist 

on rehabilitation interventions for stroke and SCI that discuss the importance of visual 

feedback for sensorimotor integration (Balbinot et al., 2022; Gassert & Dietz, 2018; 

Munoz-Novoa et al., 2022; Wattchow et al., 2018). Literature in this field is dominated 

by the exploration of robot-assisted therapy and there is a noted lack of research on visual 

feedback and the representation of persons with SCI.  

3.2 Outcome Measures and Methodologies 

In studies on the effects of visual feedback of EMG activity, sEMG is used both 

to provide feedback during neurorehabilitation and to assess the effects of the treatment 

(Balbinot et al., 2022). The primary outcome in all of the reviewed literature examined 

the effects of visual feedback of EMG activity as a therapeutic tool to improve functional 

outcomes and/or increase voluntary muscle activity.  

In post-stroke studies, positive effects were found through increases in functional 

scores and EMG activity in muscles responsible for hand extension and thumb abduction 
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and reduction of spasticity in hand flexors. In a randomized control trial, it was found that 

the intervention group, consisting of a visual feedback protocol in addition to 

conventional rehabilitation, showed a higher increase in the average EMG activity of the 

extensor muscle of the hand, and an associated increase in the patients’ Barthel index 

score (Gámez et al., 2019). Doan-Aslan and al. (2012) evaluated the effect of visual 

feedback of EMG activity treatment on wrist flexor muscle spasticity, upper extremity 

motor function, and ability to perform ADLs in patients with hemiplegia following 

stroke. They found a statistically significant improvement post-treatment in the Ashworth 

scale (evaluating upper extremity spasticity), Brunnstrom’s stage of recovery for 

hemiplegic arm and hand (evaluating upper extremity and hand motor function), the 

upper extremity function test, goniometric measurements of active range of motion of 

wrist extension, and surface EMG potentials in the study group (Doan-Aslan et al., 2012). 

Armagan et al. (2003) evaluated the efficacy of EMG feedback to assist in the functional 

recovery of the hand in hemiplegic stroke survivors. While both groups were prescribed 

an equivalent exercise program of 20 sessions, one group received visual and auditory 

feedback and the other received a placebo (i.e., computer screen turned away from the 

participant). After treatment, they found that active range of motion and sEMG activity 

were significantly greater in the feedback group.  

Studies with SCI participants have revealed inconclusive findings for the benefit 

of therapy involving visual feedback of EMG activity. Klose et al. (1993) tested the 

efficacy of visual feedback of EMG activity when administered in conjunction with 

physical rehabilitation therapy. Both groups scored significantly higher on both measures 

(modified AIS motor index and self-care ability index) after 12 weeks of rehabilitation 
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therapy (Klose et al., 1993), but they found no evidence that visual feedback of EMG 

activity generally increased the amount of improvement seen. In a similar study, the 

contraction of a single motor unit in the hand muscles of tetraplegic subjects was not 

significantly different from that in control subjects after 8 visual feedback sessions (Stein 

et al., 1990). These results do not support the routine use of visual feedback of EMG 

activity in the treatment of chronic spinal cord injury, but rather further stress the 

importance of repetitive exercise therapy for such injuries. In contrast, a large within-

subject study (n=100) found a significant increase in EMG activity from the triceps after 

one visual feedback session and further significant increases in EMG activity occurred 

after additional visual feedback sessions (Brucker & Bulaeva, 1996). In contrast to the 

previous studies, the results in Brucker and Bulaeva (1996) suggest the efficacy of visual 

feedback of EMG activity when combined with conventional therapy for increasing 

voluntary EMG responses in chronic spinal cord injury patients.  

Schmidt et al. (2019a) highlight the impact of feedback on the learner’s 

motivation, which has a direct effect on motor performance and learning. Cognition and 

motivation are important contributors to relearning, especially for the upper limbs, and 

must therefore be considered during rehabilitation (Gassert & Dietz, 2018). No included 

studies on visual feedback of EMG activity incorporated a measurement or exploration of 

patient motivation. In contrast, an EMG-based game study by Hung et al. (2021a) 

assessed stroke survivors’ motivation after training with a myoelectric game using an 

adapted version of the Intrinsic Motivation Inventory (IMI). They found that almost all 

participants enjoyed the training and were motivated to exert high effort (Hung et al., 

2021a). The interest and enjoyment subscale of the IMI is considered the self-report 
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measure of intrinsic motivation (Ryan & Deci, 2000). As previously discussed, 

motivation is critical to patient engagement, which in turn can lead to better rehabilitation 

outcomes (Luker et al., 2015b; Maclean et al., 2000).  

Moreover, it is argued that qualitative research is a more appropriate approach 

when the need is to understand new or complex concepts (Powell & Single, 1996) such as 

visual feedback of EMG activity and is more consistent with a patient-centred approach 

(Jackson et al., 2019). Marin-Pardo et al. (2020a), another game-related study, was the 

only paper that qualitatively evaluated the participants’ overall experience and feedback 

in terms of enjoyment and ease of use with a free-form questionnaire at the end of the 

experiment. Qualitative methods generate detailed, valid data that lead to the 

development of evidence-based hypotheses and inform future research and practice 

(Powell & Single, 1996). 

3.3 Forms of Visual Feedback 

As previously mentioned, this work organizes different approaches to visual 

feedback into two categories: direct feedback and pattern-based feedback. The following 

sections summarize the literature surrounding these two approaches to visual feedback 

for various clinical populations (persons living with a limb difference, the effects of a 

stroke, and an SCI).  

3.3.1 Direct Feedback Studies 

In its most basic form, surface EMG can provide feedback on muscle activity by 

converting the myoelectric signal into visual information (e.g., a continuous time series 

signal on a screen). This technique, used in myoelectric prosthesis, stroke and SCI 

research, is a form of direct feedback that provides information about the raw EMG 
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signal. In addition to displaying EMG signals as a function of time, muscle activity can 

be visualized as bars representing continuous feedback about the instantaneous level of 

muscle activity. In Sturma et al. (2018), patients with nerve injuries used a simple device, 

the MyoBoy (Ottobock Healthcare, Duderstadt, Germany), where the EMG signal 

amplitude is shown using a series of LEDs (Figure 3a). In the same study, a second group 

trained with the TeleMyo system (Noraxon, United States), which displayed their EMG 

signal on color-coded graphs (Figure 3b). Similarly, three studies (Brucker & Bulaeva, 

1996; Klose et al., 1993; Stein et al., 1990) investigated the effects of visual feedback of 

EMG activity on increasing voluntary muscle activity in persons with SCI and used a 

color monitor to display EMG activity during therapy. In post-stroke research, (Doan-

Aslan et al., 2012; Gámez et al., 2019; Armagan et al., 2003) displayed the patient’s 

muscle activity as auditory and visual signals on a computer monitor.  
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a)  b)   

Figure 3: a) MyoBoy (Ottobock Healthcare, Duderstadt, Germany) displaying signal 

amplitude as LED dots b) TeleMyo 2400T G2 system (Noraxon, United States) showing 

the signal produced by the user’s forearm flexors (green) and biceps (red). 3 

 

In Dosen et al. (2015), participants, both individuals with and without a limb 

difference, were instructed to grasp an object with a specific force within a virtual 

environment. Visual feedback of their flexor and extensor EMG signals, as well as the 

generated and target grasping force, were displayed on a screen as horizontal bars. In a 

similar example, participants were instructed to contract their forearm muscles to close 

the hand of a prosthesis that was on the table, between them and the computer monitor 

(Figure 4; Markovic et al., 2018). In this case, the generated force was shown on a screen 

 

 

3 Figures reproduced from “Rehabilitation of Upper Extremity Nerve Injuries Using Surface EMG 

Biofeedback: Protocols for Clinical Application,” by Sturma, A., Hruby, L. A., Prahm, C., Mayer, J. A., & 

Aszmann, O. C. (2018). Frontiers in Neuroscience, 12. This figure is licensed under the Creative Commons 

Attibution 4.0 International Deed. To view a copy of this license, visit 

https://creativecommons.org/licenses/by/4.0/. 

https://creativecommons.org/licenses/by/4.0/
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as a vertical bar used to guide the participants to reach a target force in one continuous 

motion.  

 

Figure 4: In a prosthesis grasping task, the user’s generated force is displayed on a screen 

as a vertical bar. 4 

 

3.3.2 Pattern-Based Feedback Studies 

Of the studies reported in the literature involving individuals living with the 

effects of a stroke or SCI, none used a pattern-based feedback approach (i.e., feedback 

derived from muscle-synergies captured across multiple electrodes – see Section 2.4 

above). However, several examples exist in the field of myoelectric upper limb 

prosthetics. In Nawfel et al. (2022) the EMG signals from six electrodes of able-bodied 

participants were displayed as a polygon, where each vertex represented the mean 

absolute value (MAV) of the signal at the corresponding electrode channel (Figure 5). 

The goal of this type of feedback was to practice movement repetition by overlaying the 

 

 

4 Reproduced figure from “The clinical relevance of advanced artificial feedback in the control of a multi-

functional myoelectric prosthesis,” by Markovic et al. (2018). Journal of NeuroEngineering and 

Rehabilitation, 15(1). This figure is licensed under the Creative Commons Attibution 4.0 International 

Deed. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/. 



 

32 

live EMG signal (blue) on the densest area of previous repetitions (green dotted; Nawfel 

et al., 2022). 

 

Figure 5: The blue polygon represented the live EMG signal MAV and the static dotted 

lines in green represented the MAV of previous repetitions. 5 

 

Nawfel et al. (2022) also presented another form of pattern-based feedback where 

EMG signals from specific motion classes (e.g., wrist extension, closed fist, etc.) were 

represented as “clusters” on a screen (Figure 6). Cluster-based feedback is frequently 

used in myoelectric prosthetics training to promote the elicitation of distinguishable 

muscle contractions for use in control. In pattern-based control approaches, features (i.e., 

information about the myoelectric signal) are extracted from the EMG signal from 

several electrodes, creating a high-dimensional signal that is infeasible to visualize. 

Consequently, dimensionality reduction techniques are used to project the signals into 

two dimensions while retaining as much meaningful information about the signal as 

possible. Two common projection techniques are Principal Component Analysis (PCA) 

 

 

5 Reproduced figure from “The Influence of Training With Visual Biofeedback on the Predictability of 

Myoelectric Control Usability,” by Nawfel et al. (2022). IEEE Transactions on Neural Systems and 

Rehabilitation Engineering, 30, 878–892. This figure is licensed under the Creative Commons Attibution 

4.0 International Deed. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/. 
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and Uncorrelated Linear Discriminant Analysis (uLDA; Chan & Green, 2007). Principal 

Component Analysis is an unsupervised method (i.e., does not require motion class 

labels) that projects features onto two axes, called principal components, that retain the 

greatest variability in the data (Chan & Green, 2007). Conversely, uLDA is a similar, but 

supervised method (i.e., requires motion class labels) whose projections maximize the 

ratio of the between-class distance to the within-class distance (Chan & Green, 2007).  

 

Figure 6: Cluster-based feedback using uLDA. 6 

 

It is important to note that the goal of training with a myoelectric prosthesis is not 

to regain lost abilities but rather to develop new muscle skills that will be optimal as 

inputs with which an assistive device can be controlled. Using a cluster-based feedback 

approach, muscle activation patterns do not need to be physiologically appropriate for the 

 

 

6 Reproduced figure from “The Influence of Training With Visual Biofeedback on the Predictability of 

Myoelectric Control Usability,” by Nawfel et al. (2022). IEEE Transactions on Neural Systems and 

Rehabilitation Engineering, 30, 878–892. This figure is licensed under the Creative Commons Attibution 

4.0 International Deed. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/. 
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desired movement but instead can be performed in any way that allows the patient to 

generate repeatable and separable signals on the projection, a key feature for accurate 

and reliable control of a myoelectric device. Beyond direct feedback approaches, tools 

that help patients learn the process involved in a motor task and develop skills to produce 

repeatable and distinguishable movements are not commonly employed in SCI therapy.  

3.4 Beyond Visualizations – Device Control    

As an extension of visual feedback of EMG activity, EMG amplitude and patterns 

of activation can be leveraged to control a curser on a screen in a game environment. In 

the past decade, games for rehabilitation have become popular in research for patient 

motivation, developing motor skills, and a positive distraction in pain management 

(Annema et al., 2010). For instance, Figure 7 a) and b) depict two games where 

participants controlled the cursor on a screen by contracting their forearm muscles (Hung 

et al., 2021a; Mugler et al., 2019a). Hung et al. (2021a) conducted a feasibility study with 

stroke survivors and found that the co-activation of upper arm muscles decreased after 

training with an EMG-controlled game. In Rayegani et al. (2014a), participants living 

with the effects of a stroke were provided with visual and audio feedback in the form of a 

puzzle game. Participants were instructed to hold a muscle contraction above the 

predefined threshold value for more than five seconds to visualize the puzzle image 

becoming uncovered (Figure 7c). This RCT evaluated hand function using the Jebsen 

Hand Function Test (JHFT) pre- and post-intervention. Hand function improved 

significantly in all patient participants in the visual feedback intervention cohort 

according to the JHFT scores. Also, maximum and mean contraction values of the 

myoelectric activity of the thumb abductor (abductor pollicis brevis) during voluntary 
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contraction increased significantly after feedback training. Virtual reality (VR) can also 

use sEMG signals to trigger the movement of a realistic virtual arm within an immersive 

environment (Figure 7d; Marin-Pardo et al., 2020a).  

 

Figure 7: EMG-controlled games. a) 7, b) 8, c) 9, and d) 10. 

 

 

 

 

7 Figure reproduced from “Wearable myoelectric interface enables high‐dose, home‐based training in 

severely impaired chronic stroke survivors,” by Hung et al. (2021). Annals of Clinical and Translational 

Neurology, 8(9), 1895–1905. This figure is licensed under the Creative Commons Attibution-Non-

Commercial-Noderivatives 4.0 International Deed. To view a copy of this license, visit 

https://creativecommons.org/licenses/by-nc-nd/4.0/. 
8 Figure reproduced from “Myoelectric Computer Interface Training for reducing Co-Activation and 

Enhancing arm Movement in Chronic stroke survivors: a randomized trial.,” by Mugler et al. (2019), 

American Psychologist, 55(1), 68–78. Copyright © 2019 by Sage Publications. Reprinted with permission 
9 Reproduced figure from” Effect of Neurofeedback and Electromyographic-Biofeedback therapy on 

improving hand function in stroke patients,” by Rayegani et al. (2014). Topics in Stroke 

Rehabilitation, 21(2), 137–151. Reprinted with permission by Taylor & Francis 
10 Reproduced figure from “A Virtual Reality Muscle–Computer Interface for Neurorehabilitation in 

Chronic Stroke: A Pilot Study,” by Marin-Pardo et al. (2020). Sensors, 20(13), 3754. This figure is licensed 

under the Creative Commons Attibution 4.0 International Deed. To view a copy of this license, visit 

https://creativecommons.org/licenses/by/4.0/. 

https://creativecommons.org/licenses/by-nc-nd/4.0/
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Section Conclusion  

It is important to note that sEMG is still used relatively infrequently in 

rehabilitation research and is rarely employed in clinical practice. In clinical care, time, 

cost, and, most notably, educational and technical expertise are major obstacles to the 

clinical uptake of current sEMG-based solutions (Balbinot et al., 2022). The findings of 

this review suggest that visual feedback of EMG activity therapy lacks evidence of 

functional benefit for individuals with an SCI, but that it generates positive effects in 

persons living with the effects of a stroke. Furthermore, despite claiming patient 

motivation as inspiration for their work, none of the research outlined in these studies 

evaluated how their intervention affected motivation. Despite initial explorations 

beginning decades ago, visual feedback of EMG activity is still understudied in 

neurologically impaired populations and further investigation is required. Therefore, an 

exploratory qualitative design is an appropriate approach to first gather insights from 

various stakeholders on the use of visual feedback of EMG activity in SCI rehabilitation.  
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Chapter 4. Research Design 

Chapter 4 details the qualitative research conducted through this work, which 

focuses on the use of visual feedback of EMG activity with an SCI patient population. 

Section 4.1 outlines the methodology which includes the study of the chosen tools and 

methods. Section 4.2 describes the specific methods used for the research.  

4.1 Methodology 

The methodology section introduces the proposed research design and techniques 

and provides a rationale for their application in the current study. Section 4.1.1 introduces 

the qualitative descriptive (QD) research design, section 4.1.2 outlines the role of theory 

in this study, section 4.1.3 presents the focus group, section 4.1.4 discusses the semi-

structured interview, and finally, section 4.1.5 presents the common qualitative technique 

called thematic analysis.  

4.1.1 Qualitative Descriptive Research Design 

For this protocol, a qualitative descriptive design was selected to address the two 

research questions which examine 1) the influence of visual feedback of EMG activity on 

motivation for persons with an SCI and 2) its suitability for use in hand function 

rehabilitation. Doyle et al. (2020) describe a QD design as one that "provides 

straightforward descriptions of experiences and perceptions, particularly in areas where 

little is known about the topic under study.” QD studies are typically concerned with 

uncovering the who, what, and where of events and experiences (Sandelowski, 2000). A 

QD design is especially relevant in nursing and healthcare research, where patient 

experiences and perceptions toward healthcare interventions are of particular interest 

(Doyle et al., 2020).  
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The most commonly used method of sampling in QD designs is purposive 

sampling. According to Sandelowski (2000), the goal of purposive sampling is to recruit 

cases that will provide the richest information for the study. Small sample sizes are 

typical in qualitative research (i.e., 10 participants); however, the gold standard is 

typically determined by data saturation (i.e., additional data does not provide significant 

added value; Doyle et al., 2020). In a systematic analysis of qualitative health research, 

Kim et al. (2017) found that the most prevalent justification for a study’s chosen sample 

size was data saturation. The second most frequently used justification was for pragmatic 

reasons such as resource constrains or participant response rate and availability (Kim et 

al., 2017). The sample size in this study was a pre-determined estimate based on 

availability that may not reach data saturation.  

The most used data analysis techniques in QD research are content analysis and 

thematic analyses (Doyle et al., 2020). This study employed a combined inductive and 

deductive approach to a thematic analysis. In a preliminary inductive analysis, the 

resulting themes were both data-driven and explicitly derived from semantic content (i.e., 

explicit meaning of the data). Subsequently, deductive analysis of the same content was 

carried out using coding based on Self-Determination Theory principles. The expected 

outcome of a QD design is a descriptive summary of the content that is organized into 

themes that reflect the data in a way that is recognizable by the study participants and 

readers who are familiar with the topic (Sandelowski, 2000). 

4.1.2 Role of Theory 

In this qualitative study, theory plays a crucial role in understanding motivation, 

which is conceptualized as complex and existing on a continuum. It was hypothesized 
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that visual feedback of EMG activity could influence motivation by satisfying basic 

psychological needs. However, it was acknowledged that motivation may be too 

multifaceted to condense into a single framework. Although this study did not aim to 

quantitatively measure patient motivation, subjective accounts were collected, and SDT 

principles informed the deductive phase of the thematic analysis. This approach ensured 

that the exploration of motivation is grounded in theory while remaining flexible to 

capture the nuanced ways it manifests across individuals. 

4.1.3 Focus Group Interview 

The use of focus groups is a common data collection technique that is employed 

in a range of healthcare research settings (Powell & Single, 1996). For example, Jervis 

Rademeyer et al. (2022) chose a focus group to understand if and how physical therapists 

and occupational therapists use activity-based therapy and its associated technologies for 

the rehabilitation of individuals living with an SCI or disease in Canadian rehabilitation 

hospital settings. A focus group usually involves six to twelve participants (Powell & 

Single, 1996) gathered to discuss and comment on a research topic from personal 

experience. The focus group can be structured, semi-structured or unstructured and 

usually reveals in-depth and rich data (Alsaawi, 2014). Participants can debate with each 

other, clarify, or expand on points raised by other participants (Powell & Single, 1996). A 

focus group is especially useful when existing knowledge of a subject is insufficient or 

the generation of new hypotheses is necessary before future intervention development 

(Powell & Single, 1996). To determine the questions to be included, an extensive 

literature review was conducted and opinions from subject experts were sought.  
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4.1.4 Semi-Structured Interview  

 For qualitative researchers, the most widely used tool for collecting information is 

interviews (Alsaawi, 2014). Many researchers have chosen the semi-structure interview 

to gain insights from clinicians and persons with SCI on rehabilitation techniques 

(Cheung et al., 2022; Swaffield et al., 2022a), technology-aided rehabilitation of upper 

extremity function (Bell et al., 2022; Rademeyer et al., 2022), patient participation in 

rehabilitation (Lindberg et al., 2013), and return to work rates after SCI (Wilbanks & 

Ivankova, 2015). The interview allows researchers to gather detailed experiential 

information from respondents (Powell & Single, 1996). In the semi-structured interview, 

questions are pre-planned before the interview but through open-ended questions, the 

interviewee has the chance to elaborate on a subject or introduce new points.  

4.1.5 Thematic Analysis 

Thematic analysis is a qualitative analytic method used within many fields for 

“identifying, analyzing, and reporting patterns (themes) within data (Braun & Clarke, 

2006a)”. Thematic analysis is a flexible technique that aims to organize rich data and 

create links based on the researchers’ understanding of the data. This implies the active 

involvement of the researcher who must make numerous decisions in the process of 

analysis. To promote rigour and trustworthiness, Braun and Clarke (2006a) outlined a 

step-by-step guide to using thematic analysis, which has widely been adopted. Additional 

details on the approach to data analysis used in this work can be found in Section 4.2.6. 

4.2 Methods 

Employing a qualitative descriptive design, this study examined the use of visual 

feedback of EMG activity by persons with an SCI in terms of its clinical suitability for 



 

41 

hand function rehabilitation and its potential to influence patient motivation. A flow chart 

diagram overviewing the study methods can be found in Figure 8. 

 

Figure 8: Methods Flow Chart. 
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4.2.1 Research Context  

The research was conducted with patients and clinicians recruited from the Stan 

Cassidy Centre for Rehabilitation (SCCR) in Fredericton, New Brunswick. The SCCR is 

a specialty, tertiary, centre equipped and staffed to treat the most complex neurological 

conditions. These conditions include stroke, brain injury, spinal cord injury, and 

neuromuscular disorders such as muscular dystrophy, Amyotrophic Lateral Sclerosis 

(ALS) and cerebral palsy. The centre also provides treatment for the most complex forms 

of autism spectrum disorder. SCCR provides services, in both official languages, to 

inpatients (there are 20 inpatient beds) and outpatients, and serves people of all ages in 

New Brunswick. The focus group interview with clinicians took place at the SCCR 

during a staff lunch hour for convenience.  

Due to the lack of bookable therapy space at SCCR and restrictions for non-

employee access, the pilot study and EMG patient sessions took place at the Centre for 

Adaptive Rehabilitation Engineering (CARE) at the University of New Brunswick in 

Fredericton. The CARE facility was designed in consultation with SCCR for 

rehabilitation research and clinical service and provides state-of-the-art equipment and 

facilities. The facility is regularly used by staff and patients from SCCR.  

4.2.2 Study Population and Sampling Method 

The study’s target population was individuals living with a C3-C6 level of AIS 

severity SCI (see Table 2) and their occupational therapists (OT). A cervical SCI at a 

neurological level of injury 3-6 involves impairment to the forearm and hand muscles, 

which are the areas of focus for this research. The OTs of interest were mostly involved 

in the rehabilitation of the upper extremities and fine motor skills of the hands (Jervis 
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Rademeyer et al., 2022). Moreover, occupational therapy embraces a holistic approach 

that considers the patients’ needs beyond only the physical to help them regain 

independence and satisfaction in all areas of their lives. Therefore, OTs were deemed to 

be instrumental to this work and provided valuable information regarding SCI hand 

function rehabilitation and patient motivation. Patients and clinicians were recruited with 

the assistance of Dr. Colleen O'Connell, Medical Director and Research Chief at SCCR 

using a combination of convenience and purposive sampling. OTs were recruited for the 

focus group provided that they had experience with upper extremity rehabilitation and 

SCIs. Both in- and out-patients were recruited provided that the participants were 1) 

adults over 18 years, 2) living with a C3-C6 level of AIS severity A-D SCI, 3) involved 

in hand function rehabilitation, and 4) able to travel to CARE in Fredericton for a single 

data collection session.  

4.2.3 Sample Size 

As previously mentioned, data saturation was not guaranteed due to the small 

number of candidate participants. However, efforts were made to recruit as many 

participants as possible within a reasonable timeframe (i.e., a 2–3-month period). This 

study correspondingly recruited five participants with tetraplegia and seven OTs.  

4.2.4 Ethical Considerations  

During the scheduled focus group and patient interviews, the investigator 

reviewed the informed consent form with the participants. Given the nature of this study, 

consent required the participants to acknowledge that the sessions would be audio and 

video recorded, blurring identifiable information. Recordings from this study have and 

will be kept secure to protect their privacy and will never be shared with any other people 
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or entities. The participants were informed that they may still participate in a separate 

session if they chose not to have their interview recorded. Participation in this study was 

voluntary, and no compensation was provided. A retired OT with a valid OT licence and 

malpractice insurance completed the Tri-Council Policy Statement: Ethical Conduct for 

Research Involving Humans (TCPS2) and was present for all patient sessions. Approval 

for this study was obtained from the Research Ethics Boards of both the Horizon Health 

Network #2023-3284 and the University of New Brunswick #2023-139. 

4.2.5 Data Collection 

Data collection consisted of complete audio recordings of all research sessions 

and video recordings of patient sessions. The investigation began with the recruitment of 

a single participant with tetraplegia for a pilot study with the Study OT. Subsequently, 

therapists were recruited to complete a focus group interview. Finally, all subsequent 

EMG sessions with patients involved the Study OT.  

Pilot Study 

An initial pilot study was conducted with a single participant with tetraplegia and 

followed the outlined protocol for the EMG session. Segments of the video recording 

from this pilot session were presented during the focus group interview with clinicians to 

provide context about the EMG visualization protocol. The EMG session interview guide 

was piloted, and generated transcripts were analyzed thematically with the rest of the 

patient data. The information gained from this pilot session guided any necessary 

modifications to the EMG Visualization tool and interview guides.    



 

45 

Therapist Focus Group Interview 

The focus group session consisted of a semi-structured interview focused on 

topics related to RQ2: What is the suitability of different forms of visual feedback of EMG 

activity to promote hand function rehabilitation goals for persons with an SCI? The 

discussion, guided by pre-determined questions (Appendix C), focused on motor 

learning, feedback interpretability, and potential use cases. Participants viewed a brief 

presentation featuring pilot EMG session excerpts before the discussion, which was 

audio-recorded and facilitated by the principal investigator (PI) with research team 

support. All participants provided informed consent (Appendix A) and demographic 

information ( 
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Appendix B). The session lasted 1.5 hours.  

EMG Session Interview 

Each session consisted of a semi-structured interview designed to address RQ1: 

How could different forms of visual feedback of EMG activity influence motivation in 

persons with an SCI? The interview followed a flexible, conversation format, guided by 

pre-determined questions, as participants were introduced to various visualizations of 

their EMG activity using the EMG Visualizer App (see below for details on the study 

tool). Immediate feedback was collected from participants at each stage of the session 

using the interview guide provided in Appendix F.  

The session began with the investigator fitting the EMG sensor cuff (Myo 

Armband by Thalmic Labs) around the participant’s upper forearm. For participants with 

smaller arms due to muscle atrophy, a stretchy fabric band was used to secure the sensor 

cuff snugly against the skin to ensure stable skin-sensor contact and accurate readings. 

After the sensors were activated, the connection and stability of the readings were 

verified. 

Participants sat comfortably beside an adjustable-height table, on which a custom-

built foam armrest provided ergonomic support (Figure 9). The table and armrest were 

adjusted so the participant’s forearm rested at a 90-degree angle. The foam armrest 
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included a small divot to make room for the sensor cuff, and a removable palm support, 

designed to resist gravity-induced ulnar deviation and ensure proper positioning.  

 

Figure 9. Foam Armrest. 

 

Throughout the session, participants were prompted using verbal instructions and 

visual demonstrations (i.e., investigator performing the motion themself) to perform 

various forearm muscle contractions and hand movements while interacting with the 

EMG visualizations displayed on a monitor. Each patient session lasted between one and 

two hours, depending on the level of exploration and conversation. All participants 

provided informed consent (Appendix D) and demographic information ( 
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Appendix E).  

Study Tool: EMG Visualizer App 

The EMG feedback tool was developed through an iterative process, incorporating 

clinician input to refine its functionality and usability. The EMG Visualizer App is a 

Python-based desktop application that built upon early functionality of the now open-

source library LibEMG (Eddy et al., 2023). It was designed to enable the real-time 

exploration of EMG signals streamed from the Myo Armband (Thalmic Labs). Its core 

functionality includes multiple visualization options such as time-series graphs, signal 

amplitude bars, and multi-channel muscle activity indicators. Users can also record data 

in the form of trials associated with different motion classes (e.g. wrist flexion or hand 

open) to enable pattern-based explorations of contractions and muscle synergies. Figure 

10 illustrates some of the available screens. The time series and instantaneous activation 

(MAV) visualizations in the top row represent a direct-feedback approach, whereas the 
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remaining radial area plots and PCA-projected feature space representation exemplify a 

pattern-based feedback approach.  

 

Figure 10. Examples of the EMG data representations explored (from left to right, top to 

bottom): EMG time-series; Signal amplitude (MAV) bars; MAV radial bars; Radial area; 

Self-paced screen-guided training; and PCA-projected feature space. 

 

Other key features of the tool include a calibration page to configure options for 

handedness and hand orientation, real-time signal smoothing, adjustable y-axis scaling 

for enhanced focus on smaller signals, and a snapshot of activation history from the most 

recent repetition (“max bar”). See Figure 11. 
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Figure 11. EMG Visualizer App features (from left to right, top to bottom): calibration 

page, signal smoothing, adjustable y-axis scaling, and a snapshot of activation history 

(“max bar”). 

 

4.2.6 Data Analysis 

Audio recordings were transcribed using Whisper (Radford et al., 2022), an AI-

based audio-to-text software, run on a local server and manually deidentified. All 

transcripts were checked against the original audio recordings for accuracy and coded by 

a single researcher.  

Thematic analysis was conducted following the six phases outlined by Braun and 

Clarke (2006): 

Step 1: Familiarize yourself with your data consists of transcribing data (if 

necessary), reading and re-reading the data, and noting down initial ideas. 

Step 2: Generating initial codes involves coding interesting features of the data 

systematically across the entire data set, collating data relevant to each code. 
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Step 3: Searching for themes means collating codes into potential themes, 

gathering all data relevant to each potential theme. 

Step 4: Reviewing themes consists of checking if the themes work in relation to 

the coded extracts (Level 1) and the entire data set (Level 2), generating a 

thematic ‘map’ of the analysis. 

Step 5: Defining and naming themes involves an ongoing analysis to refine the 

specifics of each theme, and the overall story the analysis tells, generating clear 

definitions and names for each theme. 

Step 6: Producing the report is the final opportunity for analysis. It consists of the 

selection of vivid, compelling extract examples, the final analysis of selected 

extracts, relating the analysis to the research question and literature, and 

producing a scholarly report detailing the analysis. 

The analysis in this work adopted a combined inductive and deductive approach 

to gain the most valuable insights. In line with the chosen theoretical framework, the 

deductive approach generated themes structured around pre-existing ideas of the Self-

Determination Theory of Motivation and the inductive approach resulted in themes that 

differed from the specific questions that were asked during the interview.  

Data extracts were labelled with multiple codes wherever relevant. In this context, 

an “extract” refers to a meaningful segment of data selected from a transcript, and a 

“code” represents a tag that identifies a notable feature of the data. These definitions 

follow Braun and Clarke’s (2006) guidance, as outlined in Using Thematic Analysis in 
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Psychology. A preliminary list of codes was generated and refined into themes during the 

analysis process.  

In determining what constituted a theme, priority was given to the concept’s 

importance to the research question rather than its prevalence in the dataset. Special 

attention was paid to extracts that provided rich, detailed insights, regardless of their 

frequency across transcripts. Themes were derived solely from the semantic content of 

the data, where the researcher did not attempt to search beyond the explicit meaning. 

The NVivo software (version 14) was used to manage the interview data. Video 

and screen recordings were also included in the analysis to provide additional context. 

4.2.7 Establishing Trustworthiness  

To ensure quality and rigour in this qualitative study, we applied the criteria first 

described in the seminal work by Lincoln and Guba (1985). The four criteria used to 

ensure trustworthiness in qualitative research are credibility, dependability, 

confirmability, and transferability. Credibility ensures that the findings are accurate and 

truthful representations of participants' experiences. Dependability refers to the stability 

of data over time and under different conditions. Confirmability ensures confidence that 

the results would be confirmed by other researchers. Transferability does not necessarily 

mean generalizability but rather the extent to which the findings can be transferred to 

other similar settings or groups. Table 1 outlines the strategies employed in this work to 

establish trustworthiness.  
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Table 1: Establishing Trustworthiness in Qualitative Research 

 Definition and Purpose Strategies applied in this study 

C
re

d
ib

il
it

y
 

Credibility refers to the truth value 

of a study. A qualitative study is 

credible when its results, presented 

with adequate descriptions of 

context, are recognizable to people 

who share the experience 

(Hammarberg et al., 2016a). The 

purpose of credibility is to 

establish confidence that the results 

are true, credible, and believable 

(Forero et al., 2018a).  

• One pilot EMG session interview 

with a patient (Forero et al., 2018a). 

• Interview guides were vetted by two 

occupational therapists (non-

participants). 

• All sessions were audio recorded. 

• Results will include verbatim quotes 

to support the interpretation of data 

(Daniel, 2019; Hammarberg et al., 

2016a). 

• Described the appropriateness of a 

qualitative descriptive design. 

• Prolonged engagement (1.5-hour 

sessions) 

• Data triangulation using a focus 

group, one-on-one interviews, video 

observations, and screen recordings 

(Daniel, 2019). 

D
ep

en
d
ab

il
it

y
 

A study is considered dependable 

when given the same data, other 

researchers would find similar 

patterns (Hammarberg et al., 

2016a). The purpose of 

dependability is to ensure that the 

qualitative findings are stable over 

time and conditions if the study is 

to be repeated within the same 

cohort of participants, coders, and 

context (Forero et al., 2018a).   

• Rich description of the study methods 

including a detailed study protocol 

(Forero et al., 2018a). 

• Following the six phases of thematic 

analysis.  

• Clear audit trail. 

C
o
n
fi

rm
ab

il
it

y
 

Confirmability is referred to as the 

congruence of the data between 

two people (Egon et al., 1982). The 

purpose of confirmability is to 

extend the confidence that the 

results would be confirmed or 

corroborated by other researchers 

(Forero et al., 2018a). 

 

• Rich description of the study methods 

including a detailed study protocol 

(Forero et al., 2018a). 

• Data triangulation using a focus 

group, one-on-one interviews, video 

observations, and screen recordings  

(Daniel, 2019). 

• Including participant IDs for quotes. 

• Clear audit trail. 
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Table 1 (continued). 

T
ra

n
sf

er
ab

il
it

y
 

A study is considered to meet the 

criterion of transferability when its 

findings can fit into contexts 

outside the study situation and 

when clinicians and researchers 

view the findings as meaningful 

and applicable to their own 

experiences (Hammarberg et al., 

2016a). Transferability does not 

equate to generalizability, but 

rather that the findings gained in a 

particular context can offer 

valuable lessons to other similar 

settings (Daniel, 2019). The 

purpose of transferability is to 

extend the degree to which the 

results can be transferred to other 

contexts (Forero et al., 2018a). 

• Collecting demographic information 

from all participants.  

• Detailed description of the context. 

• Purposive and convenience sampling 

(Forero et al., 2018b; Hammarberg et 

al., 2016b) 

 

4.2.8 Research Outcomes 

The outcome of this qualitative descriptive design was a descriptive summary of 

the collected data that is organized into comprehensively representative themes. In 

addition to this reporting, the resulting thesis will discuss how the results of this study can 

help establish priorities and recommendations for future research exploring visual 

feedback of EMG activity.  
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Chapter 5. Findings 

Chapter 5 presents the findings of the study, organized into two sections. First, 

Section 5.1 details participant demographics. The next section (5.2) presents the 

qualitative findings, specifically addressing the research questions (RQ1 and RQ2) and 

offering a thorough examination of the themes and patterns that were identified from both 

the focus group with OTs and the semi-structured interviews with patient participants.  

5.1 Participant Demographics   

This section presents demographic information about the participants involved in 

the study, which includes a focus group and semi-structured interviews. The focus group 

comprised seven occupational therapists from a local rehabilitation center, providing 

insights into their experiences and thoughts on the suitability of visual feedback for 

rehabilitation from SCI. Additionally, semi-structured interviews were conducted with 

five individuals who have cervical SCIs, all of whom engaged with a visual feedback tool 

during the study. This participant pool was selected to explore the perspectives of both 

healthcare professionals and patients regarding the application of visual feedback in 

rehabilitation settings. 

5.1.1 OT Focus Group    

The focus group comprised seven occupational therapists, one of whom was a 

student placement. The age range of the participants was between 22 and 56 years. 

Among the participants, one was male and six were female. The length of employment at 

the rehabilitation center varied from 2 to 20 years. Four participants reported having no 

experience with visual feedback of EMG activity (scoring 1 on a scale of 1 to 5, with 1 

indicating no experience), while three participants indicated limited experience (scoring 2 
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on the same scale). Of the occupational therapists, four were engaged in inpatient 

settings, two in outpatient settings, and the student placement had experience in both 

contexts (Table 2). In addition to the study participants, the focus group included the 

Study PI, the Supervisor, the Software Developer, and the Study OT, denoted as such in 

the remainder of the document. 
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Table 2: Focus Group Participants Demographic Information 

S
u
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ct
 

P
o
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E
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L
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L
en

g
th

 o
f 
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C
R

 

L
ev
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f 

ex
p
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n
ce

 

w
it

h
 E

M
G

 

V
F

 (
1

-5
)*

 

FG1 OT  
In-Patient 

Adult 
29 F F College 2 yrs. 1 

FG2 OT  
In-Patient 

Adult  
36 M M MSc 3.5 yrs. 1 

FG3 OT  Out-Patient 41 F  B.ScOT 17 yrs. 2 

FG4 OT 
In-Patient 

Adult  
22 F F College 2 yrs. 1 

FG5 OT 
In-Patient 

Adult  
56 F  B.ScOT 17 yrs. 2 

FG6 OT Out-Patient  50 F  BSc 20 yrs. 2 

FG7 
OT (student 

placement) 

In-Patient 

and Out-

Patient Adult  

23 F F 

BScKin 

and 

MScOT 

4 weeks  1 

*Level of experience with visual feedback of EMG activity on a scale of 1 to 5. 1 being no experience and 

5 being highly experienced 

FG: Focus Group Participant 

SCCR: Stan Cassidy Centre for Rehabilitation, Fredericton, New Brunswick  

Blank grey spots: no known data 



 

58 

5.1.2 SCI Patient Participants 

The patient participant group consisted of five male individuals with tetraplegia 

(46 to 58 years old). Their neurological level of injury was from C2 to C5. Their AIS 

classification revealed a range of injury severities: one participant had a complete injury 

(AIS A), while four had incomplete injuries (AIS C and D). The time since initial injury 

varied significantly among participants, ranging from 2.5 to 27.75 years. All participants 

were in outpatient status. Four participants reported having no experience with visual 

feedback of EMG (scoring 1 on a scale of 1 to 5, with 1 indicating no experience), 

whereas one participant indicated limited experience (scoring 2 on the same scale; Table 

3). In addition to the study participants, the Study PI and the Study OT also attended the 

EMG sessions.  
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Table 3: EMG Session Participant Demographic Information 
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w
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M
G
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F

 

(1
-5
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P1 

(pilot) 
46 M M C4  10 yrs. 

Out-

patient 
R R 1 

P2 51 M M C2 
D 

incomplete 
2.5 yrs. 

Out-

patient 
L R 1 

P3 50 M M C5 A complete 17 yrs. 
Out-

patient 
R R 1 

P4 58 M M C4 
C 

incomplete 

2.75 

yrs. 

Out-

patient 
L L 1 

P5 46 M M C5 
C 

incomplete 

27.75 

yrs. 

Out-

patient 
R R 2 

*Level of experience with visual feedback of EMG activity on a scale of 1 to 5. 1 being no experience 

and 5 being highly experienced 

P: Patient Participant  

Blank grey spots: no known data 

5.2 Qualitative Findings   

The thematic analysis identified 27 themes organized in two broad categories: 1) 

motivation along a continuum, and 2) use cases and considerations. A complete list of 

identified themes is presented in Table 4. In the following section, evidence derived 

directly from the thematic analysis is presented to provide a foundation based on the 

primary data. A subsection within each theme follows that contextualizes the findings by 

situating them within the broader body of literature. Given the limited related literature 

specific to persons with SCI, insights are drawn from adjacent fields such as post-stroke 

rehabilitation, sports psychology, gaming, and other health disciplines. 
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Table 4: Complete List of Identified Themes 

Motivation Along a Continuum Use Cases and Considerations 
A

m
o
ti

v
at

io
n

 
1. Impact of Secondary 

Injuries and Repeated 

Setbacks 

15. Muscle Awareness at a Pre-

Functional Level 

2. Pain, Discomfort, and 

Exhaustion 

16. Improved Understanding of 

Brain-Body Connection 

3. The Social and 

Emotional Toll of SCIs 

and Rehabilitation 

17. More focused rehabilitation 

protocol 

4. Lack of Perceived 

Progress in The Pre-

Functional Stage 

18. Muscle Isolation 

E
x
tr

in
si

c 
M

o
ti

v
at

io
n

 

E
x
te

rn
al

 

R
eg

u
la

ti
o
n

 

5. Tangible Rewards and 

Seeing Progress Over 

Time 

19. Compliance and Oversight for 

at-Home Use 

6. Thresholds and 

Numerical Values 

20. Improved Patient-Therapist 

Communication  

7. Driven by External 

Pressure  

21. Breaking Tenodesis Grip and 

Informing Surgical Decisions 

In
tr

o
je

ct
ed

 

R
eg

u
la

ti
o
n

 8. Competition with Self 

and Reaching New 

Personal Goals 

22. Spasticity Management 

9. Internalizing External 

Outcomes 

23. Different Feedback Modalities 

Id
en

ti
fi

ed
 

R
eg

u
la

ti
o
n

 10. Improved Quality of 

Life for Themselves and 

Their Loved Ones 

24. Pathway Finding and Keeping 

Eyes Closed to Focus 

In
te

g
ra

te
d
 

R
eg

u
la

ti
o
n

 11. Regaining a Sense of 

Self and Independence 

25. Arbitrary orientation and 

placement of sensors 

In
tr

in
si

c 

M
o
ti

v
at

io
n
 

12. Enjoyment 26. Functional movements are the 

priority in Occupational 

Therapy 

13. Curiosity and Novelty 27. Importance of the Clinicians 

role and Coaching 

14. Personal Interests   
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5.2.1 Addressing RQ1 – Motivation Along a Continuum 

As discussed in the background, motivation is a complex, multi-dimensional 

construct that exists along a continuum, ranging from amotivation to extrinsic to intrinsic 

motivation (Ryan & Deci, 2000). In this section, the findings from interviews and a focus 

group illustrate the complexity of personal motivation, showing how individuals with 

SCIs may experience various forms of motivation across this spectrum. Initially, it was 

proposed that visual feedback of EMG activity could influence motivation by fulfilling 

basic psychological needs. While evidence supported this idea, it did not fully encompass 

the scope of the findings. To provide a more comprehensive perspective, the qualitative 

results of this study are framed within the context of the motivation continuum, which 

highlights the varying regulatory styles individuals adopt.  

Analysis identified 14 themes within the category of Motivation Along a 

Continuum. Findings suggest that individuals with SCIs experience a range of 

motivational styles along the proposed continuum. This section provides examples of 

participants engaging in different motivation regulatory styles, both in their daily lives as 

well as during the study session, and evidence of how the visual feedback tool influenced, 

or could influence, these motivational processes. Understanding these dynamics can 

inform the design of rehabilitation tools, enabling them to deliver meaningful feedback 

and promote sustained engagement. 
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Amotivation 

Analysis from the interviews and focus group revealed multiple factors 

contributing to how SCIs can drive individuals into a state of amotivation. Key themes 

included the impact of secondary injuries, pain and discomfort, emotional and social 

challenges, and a perceived lack of progress, all of which can diminish motivation and 

hinder engagement in rehabilitation efforts. 

Theme 1: Impact of Secondary Injuries and Repeated Setbacks  

One of the key drivers of amotivation is the sense that no matter how much effort 

is put in, the outcome remains unchanged. For participants in this study, secondary 

injuries were a significant factor that could have contributed to a state of amotivation. For 

instance, one participant (P1) shared their experience with a secondary injury that 

disrupted their progress:  

Similarly, P3 faced a secondary injury more than 15 years following his initial 

SCI. He recounts: “I had nerve compression in my neck in 2019 and had to have a 

laminoplasty surgery. I [had] lost all the function in my left arm which was like dead 

dead for about a year and a half” (P3). For these participants, the constant cycle of 

So, I have a long story. It was ten years ago. I was in a bike accident, 

paralyzed [from the] neck down. [I] had surgery for my spinal cord, and 

I was recovering pretty good then I got into a car accident. Somebody 

rear-ended me at a red light. My legs stopped working again, back in the 

hospital, more rehab. (P1)  
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recovery and injury likely undermined any sense of momentum in their rehabilitation, 

which could have contributed to amotivation.  

Another participant shared the frustration of encountering new health issues after 

a secondary injury and years of relative stability:  

 

This participant had previously navigated life post-SCI with manageable health issues, 

but this sudden onset of complications, including frequent UTIs and pressure sores, 

underscored the fragility of their condition. P5 also reflected on the challenges of aging 

with a SCI:  

 

[In] 2023, I got rear-ended with basically 27 years’ worth of good 

health... all of a sudden, everything that was supposed to kind of come 

along with quadriplegia hadn't happened yet... pressure sores, it was 

UTIs, like two a month, three a month. (P5)  

Nothing new has come back [in terms of movement and sensation] ... 

when you're younger, you can get by with just letting your body do its 

thing, but I didn’t realize that as you age with a spinal cord injury, all 

the bad habits you picked up or [poor] posture or atrophy of muscles 

[will affect you more] ... I found that once I hit like 40-ish everything 

became more effort. I didn’t bounce back from sicknesses as well. (P5) 
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This reflection captures the realization that physical resilience diminishes over time and 

that physical setbacks may continue to emerge unexpectedly, further exacerbating 

feelings of futility in the rehabilitation process. The expectation of continual 

improvement diminishes, leaving individuals feeling demotivated by the extra effort now 

required for recovery. 

Finally, some participants struggled with repeated setbacks from surgical 

procedures. P1 was due to receive an implanted Baclofen pump for spasticity 

management; however, this was not their first attempt at the surgery: “Last December, 

my body rejected the surgery, so they had to undo it. And then I spent this whole past 

year recovering from that. And now we'll wait for them to try it again” (P1). This lengthy 

and frustrating process of recovery illustrates how repeated surgical setbacks can drain a 

person's motivation, especially when they feel their efforts in rehabilitation are repeatedly 

undone by circumstances beyond their control.  

Connecting Theme to Existing Literature 

While multiple injuries and surgical setbacks are possibly a unique aspect of this 

study’s participant's experiences, the occurrence of acute and chronic complications 

following SCIs is well-documented (Sezer et al., 2015). A large global survey of 11,058 

individuals with SCIs found that 95.8% reported at least one secondary health condition, 

with an average of 7.4 concurrent issues (Strøm et al., 2022). The most common 

problems were pain (77.3%), spasticity/muscle spasms (73.5%), and sexual dysfunction 

(71.3%; Strøm et al., 2022). 
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The psychological impact of these repeated setbacks and chronic health 

conditions on motivation can be profound. This relationship between secondary health 

conditions and well-being has been observed in other studies. For instance, Esfandiari et 

al. (2024) found that higher levels of severity of secondary health complications were 

correlated with lower quality of life and well-being. Over time, the persistent experience 

of setbacks may foster feelings of helplessness, where individuals come to believe that 

their efforts are in vain. Martin Seligman was the psychologist who first described a 

phenomenon called learned helplessness, suggesting that when people repeatedly face 

situations where their efforts seem ineffective, they may start believing that nothing they 

do can change their circumstances (Maier & Seligman, 1976). This can reduce their 

motivation and persistence in rehabilitation activities, as they perceive their previous 

progress as “wasted.” The mental fatigue associated with this cycle often leads to 

resignation or defeat. 

Theme 2: Pain, Discomfort, and Exhaustion  

Fatigue or exhaustion is a significant issue for individuals with SCI, intensified by 

the increased energy demands of rehabilitation and managing daily life. One participant 

recalled the taxing nature of occupational therapy:  
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Similarly, another participant highlighted the exhaustion associated with even 

small amounts of exercise in the acute phase of rehabilitation: “The amount of exercise 

they gave me was not a lot, but it took me ‘till lunchtime almost to get it all done... 

Absolutely zonked and exhausted afterwards” (P1). The exhaustion that accompanies 

rehabilitation, can significantly discourage participation in rehabilitation exercises.  

Beyond the exercises, pain and discomfort are commonly reported by patients 

recovering from spinal cord injuries, with medication being the primary source of relief 

for one participant, despite the desire to explore alternative methods. As P5 shared,  

 

In some cases, surgical measures can offer a reprieve from the intense pain experienced. 

One patient described that: "…pre-surgery I was in pretty sad shape. My mobility was 

I associate occupational [therapy] with being painful...yeah, your brain 

hurt. I guess most of it was just trying to regain the fine motor skills 

and how much effort that was for the brain. I just remember being 

exhausted [getting] wheeled back to my room. (P5) 

Unfortunately, [what helps most is] medication. I’ve tried everything 

like pain clinics. I struggle with cognitive therapy or things like that, I 

just get lost. So, then that frustrates me. So, being busy and then 

medication is what I think drives me through the pain. (P5) 
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horrible, and I was in a lot of pain” (P2). Individuals recovering from SCI often 

experience significant levels of pain, discomfort, and exhaustion, which can severely 

impact both their physical and mental well-being and can combine to create a 

psychological state of amotivation. 

Connecting Theme to Existing Literature 

This theme aligns with the findings of Murray et al. (2007), who highlighted the 

detrimental impact of pain on cognitive, emotional, and physical functioning, and quality 

of life. Their work identified pain severity as a significant predictor of functioning across 

multiple domains. Similarly, Pilusa et al. (2021) found pain to be the most commonly 

reported secondary health condition among individuals with SCIs, affecting 94% of their 

17 study participants. Other frequently mentioned health issues in this study included 

pressure sores, bowel, and bladder complications (Pilusa et al., 2021). Hassan et al. 

(2024) echoed these findings, noting that pain is the most prevalent neurological 

symptom experienced by those with SCI, followed by issues like bowel and bladder 

dysfunction, spasticity, and sexual dysfunction. These compounding factors can further 

undermine motivation during the rehabilitation process. 

Theme 3: The Social and Emotional Toll of SCIs and Rehabilitation  

Amotivation is not only influenced by physical setbacks but also by social and 

emotional factors. One significant emotional toll observed was the overwhelming nature 

of adjusting to life post-SCI, which can deprioritize rehabilitation efforts like improving 

hand function. One therapist described the challenging situation faced by newly injured 
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patients: “There’s so much going on that their hand function is not always a priority. 

They don't know where they will stay, will their spouse still be there, what’s going on, 

etc.” (FG6). This overwhelming mix of stressors can push hand-function rehabilitation 

down the list of priorities and leave individuals feeling less motivated to fully participate 

in their recovery.   

The loss of independence following a spinal cord injury and reliance on others for 

basic tasks can be difficult to navigate. P2 shared the reality of being unable to 

independently perform certain activities of daily living, stating,  

 

Despite wanting to regain independence, P2 expressed hesitation about engaging in 

activities alone, such as going to the walking track or grocery store, explaining that his 

sister still assists him with these tasks. Similarly, P5 said: “I lost a lot of independence in 

2023, which I’m trying to gain back now... but my wife still helps me” (P5). The 

emotional challenge of adjusting to a loss of autonomy, along with increased dependence 

on family for daily activities, can sometimes lead to feelings of helplessness.  

There [are] things I can’t do. I can’t put on a coat; I have to wear 

hoodies. Pulling up [my] pants is still trouble. [I] don’t have the 

strength to do that. Kind of those daily tasks. It does limit my exercise, 

my left hand especially. It limits what I can do. (P2) 
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Connecting Theme to Existing Literature 

This experience of increased dependence was also highlighted by Mahooti et al.  

(2020), who described it as a "dependency crisis," where the perception of being a burden 

became one of the most significant challenges faced by participants. The emotional 

struggles of individuals with SCIs are well-documented in the literature. Hall et al. 

(2021) found that many SCI patients felt abandoned when navigating post-hospital care, 

which intensified their anxiety. Similarly, Murray et al. (2007) observed that anxiety 

levels often spike post-injury, driven by uncertainties about the future and a perceived 

loss of control over one's life. Budd et al. (2022) further corroborated these findings, 

reporting that between 30% and 45% of individuals with SCIs experience significant 

anxiety, while major depressive disorder is less common, affecting only 16% to 38% of 

the population (Mahooti et al., 2020). These social and emotional challenges substantially 

impact patients' perceptions of their quality of life (Murray et al. (2007).   

Theme 4: Lack of Perceived Progress in The Pre-Functional Stage  

A crucial element contributing to amotivation is the inability to see tangible 

progress despite concerted efforts. One therapist in the focus group said: “I think if 

they’re not noticing that [they’ve made progress] ... like if they can’t actively see the 

changes that they’re making and the progress that they’re making, they just don’t [want 

to] do it anymore” (FG1). This lack of perceived improvement can be especially 

discouraging, leading individuals to question the value of continued engagement in 

rehabilitation. A discussion with P3 explored the difficulty of putting in tremendous 



 

 

70 

 

effort during rehabilitation, willing movement, yet seeing no visible progress. P3 

acknowledged: “You can’t see it… and that becomes increasingly more difficult to believe 

that ‘if we do this, something may happen’” (P3). Without visible progress, the energy and 

effort spent on therapy might feel wasted, driving amotivation. 

This is echoed by a participant who struggled to understand why certain muscles 

were not responding to exercise:  

 

The frustration stemming from this lack of muscle response reinforces the amotivation 

cycle. As participants see no results despite significant effort, they may begin to question 

whether further rehabilitation is worth the pain and exhaustion. 

Connecting Theme to Existing Literature 

The concept of self-efficacy (i.e., what they believe they can do) and competence 

(i.e., what they can do) was highlighted in this theme. The inability to visualize effort and 

The thing I can't accept is why there are certain muscle groups or 

exercises I do [that] won’t improve or increase the strength of 

whatever I’m doing… So doing certain squats [for] the front of my 

quads [and] they won’t develop. They won’t strengthen and they’re still 

super weak, even though I’m doing squats to target those specific 

[muscle] groups to, let’s say, try to get myself standing up from a chair. 

(P1) 
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small gains can foster feelings of hopelessness and demotivation, especially in the early 

stages of rehabilitation when progress may be difficult to perceive. In a qualitative study 

exploring factors influencing motivation of persons living with the effects of a sub-acute 

stroke, Yoshida et al. (2021), identified seven core categories affecting patient 

motivation, with one particularly relevant to the findings: experiences of success and 

failure. Within this category, a subcategory (discrepancy between expectations and real 

performance) reported a marked discrepancy between their expectations of movement 

and their actual task performance, which they interpreted as a failure. An older male 

participant in a study by Yoshida et al. (2021) expressed disappointment at his inability 

to perform tasks that he had previously managed, stating, “Sometimes I became 

disappointed that I couldn’t do an easy task that I could do before.” Similarly, a young 

female participant discussed feelings of depression related to perceived stagnation in her 

recovery, sharing, “I was depressed when my movement was worse than it was 

yesterday” (Yoshida et al., 2021b). These findings are corroborated in a sport injury 

context by Truong et al. (2020) who discovered that failing to meet recovery expectations 

was linked to negative emotions such as frustration and diminished confidence during the 

rehabilitation process. Such narratives underscore the profound impact that a lack of 

perceived progress can have on motivation during rehabilitation. 

Extrinsic Motivation 

Extrinsic motivation lies between these two extremes of the motivation 

continuum, encompassing actions driven by rewards or pressures but not inherently 
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satisfying in themselves. However, as one moves towards more autonomous forms of 

extrinsic motivation, external rewards become internalized and more aligned with 

personal goals and values. In rehabilitation contexts, particularly for SCI patients, 

extrinsic motivation can be a key driver for engagement in rehabilitation activities that 

might otherwise feel difficult or tedious.  

Extrinsic Motivation - External Regulation 

External regulation is the least autonomous form of extrinsic motivation, where 

behaviour is directly controlled by external rewards, pressures, or outcomes. In the 

context of rehabilitation, this can manifest as the desire to see tangible progress or receive 

external validation, such as evidence of muscle activity or improvement over time.  

Theme 5: Tangible Rewards and Seeing Progress Over Time  

For many participants in this study, the ability to visually observe muscle activity, 

even if it was minimal, provided a critical source of motivation. One participant 

highlighted how seeing his paralyzed muscles firing gave him hope: 

 

If I could see it [the visual feedback] moving a little bit, at least I could 

see it's firing. That's something I've learned too. [...] So as long as you 

can see there's some feedback [...] it has a possibility to improve […], 

so it can regrow that connection. (P2) 
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Similarly, P5 said:  

Another participant emphasized how seeing a signal, even without physical sensation, 

would be a powerful motivator:  

 

P1 goes on to say that seeing a real-time signal of his muscle activity reaffirmed the effort 

he was exerting to contract. One participant mentioned that their understanding of the 

goal of EMG visual feedback was “to develop muscle groups that people have kind of 

It would give me more information to not only know that I have that 

going on, but that I can …once I see that I have something I know I can 

strengthen it. When you don't know you don't have it, it makes it difficult 

… when they're saying move your quad. I'm not getting any feedback by 

it. I'm not getting encouragement by it. I'm not getting anything. Then I 

just called [it] the dead leg. But if I saw that there was potential because 

those lines were telling me that there's a muscle there that could be 

improved and I'm all over that. There's a least a small signal getting 

through. So at least I know what works. (P5) 

If I’m contracting and let’s say I didn’t feel my arm at all and you were 

telling me to do things, seeing that there is a signal, that something is 

going on, that would be super positive. Especially before, when my 

hands weren’t working, I didn’t think they were working. (P1) 
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lost sight of or lost hope for. You know, enable people to become more able-bodied, to 

develop functional muscle use” (P3). This underscores the tool’s potential to rekindle 

hope by helping patients observe and work toward regaining lost muscle function. P3 

continues to say that he thinks EMG feedback is “a tool that therapist could use to 

motivate people to work ... to work for starters. Or to work harder than just saying ‘if we do 

this, something may happen’” (P3). In these examples, the visual confirmation of muscle 

activation is tangible evidence that their efforts were not in vain, and that improvement 

was possible. 

In the focus group, a clinician discussed the value of having concrete, objective 

data: 

 

Similarly, another participant echoed this sentiment, explaining that visible 

improvements in movement or strength were highly motivating: "It definitely motivates 

when you see increases or development in your movement or strength” (P4). The idea of 

Something cool about this [EMG feedback is] that you have concrete, 

objective data that you could show them this max [bar] right here and 

then [realize] they’re actually [hitting that target] all the time and then 

you moved it up. But you may not see the difference looking at your 

hand like that may not actually be [noticeable] to the naked eye [or] 

feel like a huge difference, but objectively you have progressed. (FG1)  
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seeing results was particularly significant for one participant (P3), who emphasized that 

seeing tangible improvements kept him motivated: 

 

These insights illustrate how the ability to see real-time feedback and track progress plays 

a critical role in maintaining motivation, aligning with the concept of external 

regulation—when individuals can see concrete results, they feel more encouraged to 

continue their efforts. 

P3 also emphasized how being able to track progress was essential to his 

motivation and appreciated the relatively simple interface saying that: 

 

I remember doing lifts, sitting on the edge of the bed, putting my hands 

on telephone books, and lifting my bum up. I went from 17 seconds, 

completely exhausted, and then I came in the next week, and it was over 

a minute and a half. That was the greatest feeling ever. After that, I 

could hold myself for a long time, and I enjoyed doing it. I enjoy 

results. (P3) 

The information that I need for input is there. The information I need for 

motivation is there. I like being able to see it in real time. And I think that 

if I had a tool like this, I would be more motivated to use it at home and 

to exercise because I could see results and I can see an improvement just 

from the few that I did. (P3)  
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Connecting Theme to Existing Literature 

Clinician feedback is an example of external feedback and serves as a primary 

source of improvement validation for many in rehabilitation. For instance, Yoshida et al. 

(2021) highlight how evidence of improvement provided by professionals influences 

patient motivation. In their study, patients reflected on how therapist feedback made their 

progress feel tangible, as an older female participant shared: “whether or not there is a 

certain improvement for me is very vague. When the therapists give me positive feedback 

from their professional viewpoints, it makes me realize that I have improved somehow” 

(Yoshida et al., 2021). However, the effectiveness of clinicians’ feedback may vary, as 

some patients expressed skepticism. One younger male participant remarked: “I would 

doubt the therapists’ positive feedback. I was pleased to hear some of those praises, but I 

could not detect any truth in them,” demonstrating a desire for more objective and factual 

feedback. Clear criteria for performance evaluation are vital. As noted by Malone (1981), 

individuals should be able to assess their performance at any given time, allowing them 

to understand their progress.  

Theme 6: Thresholds and Numerical Values  

For many, numerical markers like EMG signal amplitude acted as powerful 

motivators. In the focus group, even before introducing the max bar threshold feature, 

participants expressed the potential benefit of such a tool. One focus group participant 

mentioned: “But even having a threshold of where they should achieve to get that 

whatever [wrist] extension... They have that end goal... if they had a threshold or a goal 
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that you could change and vary it.” P5 described how the visibility of such metrics 

significantly impacted their motivation, stating: “I could see this being very helpful to 

strengthen [my muscles]. When you told me there were numbers, I was way more 

motivated, like, ‘Oh, so I’m only at a 50? Well, give me a week, and I’ll show you—I’ll 

be at 60 next week.’” The ability to see progression in numbers helped P5 develop a drive 

to improve and set higher goals. Similarly, another participant echoed this sentiment, 

explaining how seeing their progress heightened their motivation to continue: “Once I see 

the numbers, I’m way more motivated.” For these participants, the numerical feedback 

offered by the EMG tool was a way to measure success and track progress. 

Connecting Theme to Existing Literature 

The role of gamification in rehabilitation will be further discussed in Section 

6.4.2. 

Theme 7: Driven by External Pressure  

P5’s experience illustrates external regulation of motivation, where his 

rehabilitation efforts rely on external pressure or accountability rather than internal 

desire. He admitted to struggling with discipline, stating, “Discipline. Yeah, there's a lot I 

would rather be working on a website or posting a video on” (P5). This lack of intrinsic 

motivation makes it difficult for him to prioritize his rehabilitation exercises at home. 

When asked if not having supervision or guidance from a therapist impacted his ability to 

complete exercises on his own, he acknowledged the challenge: “Oh way harder. If I 

don’t have accountability. I'm always detrimental to my own health. [...] I’m horrible at 
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taking care of me” (P5). This need for external accountability, where someone else’s 

expectations or involvement drives his actions, is a clear example of external 

regulation—a form of motivation that depends on external forces to prompt engagement 

in rehabilitation. Without this pressure, P5 tends to neglect his own health, prioritizing 

the needs of others over his own.  

Connecting Theme to Existing Literature 

A well-known external pressure in rehabilitation is the sense of obligation 

(Maclean et al., 2002a). Interestingly, the findings did not indicate that obligation or 

compliance played a central role in participants' motivation. However, some participants, 

like P5, were driven by external pressure or accountability. Without supervision, they 

found it challenging to maintain discipline and complete their exercises. Tiu et al. (2022) 

similarly found that a lack of interest and accountability were major barriers to sustained 

motivation among SCI patients participating in a 16-week exercise trial. This reliance on 

external accountability highlights how external regulation can foster engagement in 

rehabilitation. Overall, participants in this study appeared to be quite committed to their 

rehabilitation efforts.  

Extrinsic Motivation - Introjected Regulation 

While introjected regulation is slightly more autonomous than external regulation, 

it still involves internal pressures, such as guilt or self-competition. For many 

participants, the motivation to improve was tied to internal competition or the desire to 

meet personal standards. 
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Theme 8: Competition with Self and Reaching New Personal Goals  

The use of thresholds and targets to drive competition with oneself was another 

important theme in the participants' experiences. After the introduction of this feature, 

participants embraced it with enthusiasm. P2 stated: “I like the current activation, I like 

that you can store the max, I like storing your high score. And beating your high score, I 

can see where that could be a good feature. For someone who’s competitive.” Similarly, 

P3 discussed how competition with oneself plays a significant role in maintaining 

motivation: “That would be motivating […] well, it would motivate me because I like 

competitiveness. I like working towards a goal. I like reaching out to a set goal. I like 

working towards an achievable, visual goal.” These statements illustrate how visual 

feedback tools, such as the max bar feature, provided clear and tangible goals for 

participants, turning abstract rehabilitation tasks into a focused and motivating journey of 

self-improvement. P1 liked the idea of the “max bar” because “There's something for me 

to get at. For those lines to mean something to me. Something to someone, I guess.” The 

introduction of visual thresholds gave participants a concrete sense of achievement and 

meaning to the exercise, reinforcing their desire to surpass personal benchmarks. The 

competitive drive within these participants, especially through self-competition and 

internal pressure, created a sense of accomplishment that could foster sustained 

motivation throughout their rehabilitation. 

P5 expressed the impact of visual feedback, stating: “I liked it because it was a 

challenge.” When asked how this differed from not having visual feedback, P5 replied,  
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This example shows how visual feedback presented a meaningful internal 

challenge for P5, where the prompt to achieve a flat signal on the screen transformed into 

a motivating factor. As P5 progressed through the session, they described their 

introduction to the PCA Feature Space as a pivotal moment: 

 

Similarly, for P4, rehabilitation is an ongoing process of self-improvement, where 

metrics like distance or effort became markers of personal success. P4 highlighted how 

internal competition drove their motivation:  

There was no challenge. It became a challenge when you told me to 

calm [my muscles/the signal]. It motivated me to try to beat what I was 

seeing on the screen. To calm it down more. That was desire to like, 

‘okay, you want to see flat, I’ll show you flat.’ Try to anyways. (P5)  

This is my favorite by far, like if this was a challenge for me to, ‘okay, 

use your grip strength P5 and we're gonna do five reps of whatever and 

I want you to keep them in the orange or whatever,’ that would be so 

much motivation. ‘No, you got the wrong one, P5. You need to focus 

more down by your... you squeeze down by your fingers more. That's 

what we want—your strength more.’ (P5)  
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For this participant, improving their personal best is an intrinsic part of their motivation 

strategy. 

Connecting Theme to Existing Literature 

Self-competition and goal setting are crucial in rehabilitation for maintaining 

motivation and promoting recovery. Many patients are driven by the desire to surpass 

their previous performances or achieve personal milestones. Research highlights the 

importance of goal setting in modern rehabilitation approaches (Siegert & Taylor, 

2004b). Setting and exceeding personal records is particularly significant, as studies in 

sports psychology and rehabilitation demonstrate that this practice boosts self-efficacy, 

which is essential for sustained effort during rehabilitation (Siegert & Levack, 2015). 

Theme 9: Internalizing External Outcomes  

External comparisons played a role in shaping one participant’s motivation. P1 

shared how witnessing the behaviour and outcomes of other patients in the rehabilitation 

center influenced their own motivation. P1 described observing something impactful at 

the rehabilitation centre: 

[I’m competitive] just with myself because I’m always training and 

doing my rehab by myself. So, for example, on the STIM bike, I always 

try to do as much as possible, distance-wise, effort-wise, and as it 

monitors how often or how much [I’m] active versus inactive. (P4) 
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For P1, this external comparison provided a clear contrast between effort and inaction, 

motivating them to take more responsibility for their rehabilitation. By internalizing the 

external outcomes they observed, P1 strengthened their determination to achieve success 

through consistent effort. This example highlights how witnessing external results can 

serve as a powerful motivator, influencing participants to set and adhere to personal 

standards in their rehabilitation journey. 

 P2's motivation is largely fueled by his need to see tangible evidence of his 

capabilities. He recognizes he is driven by a blend of intrinsic and extrinsic motivation, 

stating, “I’m internally motivated, but maybe I don't push it so much. I'll do the things I'm 

comfortable doing, but then I may need some extra motivation to do the things I'm not 

comfortable doing.” For P2, external validation through visual feedback could serve as a 

catalyst, encouraging him to step outside his comfort zone. He remarked, “I think I need 

to prove to me that I can do it. And once I can do it, away I go, but I just need to get over 

that point where I’m comfortable doing it myself” (P2).  

[There were] two groups: one group that was motivated to do physio, 

and the other wasn’t. Seeing that difference and seeing the results of 

the group that does do stuff, and the group that doesn’t, that’s not 

motivated. It reaffirmed to me that if I started doing my stuff, I’d get 

this result and if I don’t, and just sit here and complain, I get that 

result. (P1) 
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Connecting Theme to Existing Literature 

External comparisons also shaped motivation, with one participant motivated by 

observing the results of others in the rehabilitation process. This helped him set personal 

standards and stay accountable for his progress. Similarly, an older male participant in 

Yoshida et al. (2021) expressed that seeing the efforts of other patients was motivating: 

“just by watching others making a big effort motivates me.” Helgeson and Taylor (1993) 

explored similar themes among cardiac patients, revealing similar social comparisons—

particularly when observing those perceived as slightly better off—encouraged hope and 

inspiration. This provided valuable insights for improving their condition and enhanced 

feelings of hopefulness (Helgeson & Taylor, 1993). In this study, one participant 

expressed that he engaged in this type of social comparison, witnessing others' 

achievements to reinforce their commitment to recovery. Similarly, in a review 

conducted by Truong et al. (2020) examining the psychological, social, and contextual 

factors affecting the rehabilitation of sports-related knee injuries, it was found that 

recovery expectations were significantly shaped by interactions with high-level role 

models, fellow athletes, and coaches, among other influences. It was further described 

that having a role model who has also sustained an injury played a vital role in 

maintaining motivation (Truong et al., 2020). These role models provide a tangible 

example of success and can help inspire individuals to persevere through challenges 

during their recovery.  
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Extrinsic Motivation - Identified Regulation 

Identified regulation is a more autonomous form of extrinsic motivation, where 

individuals recognize the personal value or importance of an activity and voluntarily 

engage in it, even if it is not inherently enjoyable. In rehabilitation, this can manifest as 

the recognition of the long-term benefits of recovery for personal well-being or for the 

sake of loved ones. While there was no explicit evidence from participants that the EMG 

feedback tool contributed to an identified regulation, it remains an important 

consideration for further discussion in the context of motivation and identity. 

Theme 10: Improved Quality of Life for Themselves and Their Loved Ones  

For one participant, rehabilitation was framed as essential not only for his quality 

of life but also for the people around him. He described how his wife’s well-being was 

something he deeply valued, which pushed him to persevere. He shared: "She's like, if 

you don't keep on this, it doesn't just affect you, [it] affects me [too], I bet out of love. I'm 

like ‘no you're right’” (P5). This understanding, that his recovery also affected his wife, 

served as a significant driver in his motivation to continue improving. P5 further 

expanded on what had motivated him to engage in rehabilitation throughout the years, 

starting with his initial SCI 27 years ago:  
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In this instance, the personal importance of maintaining physical health transcended his 

individual experience, as it directly impacted his family’s well-being.  

Connecting Theme to Existing Literature 

The desire to reduce the burden on one’s family is reflected in other studies. 

Yoshida et al. (2021a) highlighted that some patients strive for independence to avoid 

becoming a burden. One elderly male participant stated, "if my walk is unstable when I 

get discharged from the hospital to home, it may be burdensome for my family. I don’t 

want to bother my family." This sentiment reflects a strong motivation to improve 

mobility and autonomy, not only for personal benefit but also for the sake of loved ones. 

Participation in family and household activities is a key aspect of daily life. The 

World Health Organization’s International Classification of Functioning, Disability, and 

Health (2001) defines participation as “involvement in life situations”, which includes 

Back then, I was 19 and so it was ‘I’m going to walk out of here,’ and 

then it became, I want to rely on a wheelchair very little. Then it 

became, I want to be involved in sports, therefore I wanted to continue. 

And then I wanted to get married. So, I wanted to be the best physically 

and be able to take care of myself as best I can. So those were 

motivations and now it is for quality of life because I can see how that 

affects my wife. […] So, my motivation to stay healthy is to try and help 

my wife not have to be a full-time caregiver […]. (P5) 
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fulfilling family roles such as being a parent or contributing to household tasks. These 

roles and contributions are integral to one’s sense of belonging and purpose. Many 

individuals with SCIs face challenges when resuming daily and social activities, as noted 

by Noreau et al. (2005). A study by Cardol et al. (2002) showed that restrictions in 

participation—particularly in family roles—are common in individuals with chronic 

disabling conditions, like an SCI. Reintegration into the community, including resuming 

social roles and fulfilling responsibilities within the family, plays a crucial part in the 

recovery process. 

Extrinsic Motivation - Integrated Regulation 

As individuals internalize the value of their rehabilitation goals, they shift from 

external regulation toward a more autonomous form of motivation. This is often reflected 

in their actions becoming aligned with personal values and life goals, moving beyond 

rewards or pressures. Integrated regulation, the most autonomous form of extrinsic 

motivation, occurs when individuals consciously value the activity, viewing it as a 

reflection of their identity and personal aspirations. In the context of rehabilitation, this 

internalized motivation is particularly evident when participants emphasize how exercises 

contribute to regaining what is most important to them, ultimately enhancing their overall 

life satisfaction. Although participants did not provide direct evidence indicating that the 

EMG feedback tool enhanced their sense of self, this aspect warrants further exploration 

within the broader discussions of motivation and identity. 
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Theme 11: Regaining a Sense of Self and Independence  

P3 demonstrates a high degree of internalization by integrating rehabilitation 

goals with his values and desires. He adapts exercises and activities to make them more 

meaningful and relevant to his own life. P3 vividly illustrates integrated regulation by 

linking his rehabilitation efforts to his personal goal of reclaiming his sense of self and 

independence through woodworking. He shares: “I love working with wood—that’s my 

passion, kind of always has been. I was a carpenter before I got hurt. That was my main 

thing” (P3). This passion is not only a testament to his identity but also a motivating force 

in his rehabilitation journey. P3 explains: 

 

In addition to his woodworking shop, P3 adapted other aspects of his daily life. He 

recounts:  

For example, something I worked very hard at was adapting my whole 

woodworking shop so that I could work down there. And what drove me 

was to work towards independence. So I could go down and get a 

board off the board pile, cut it up and finish it, bring it to a finished 

product that I could sell by myself. And so that was a big driver for me. 

It took about five years of constant, you know, if I wasn’t in the 

hospital, I was down in the garage working at that, trying to modify the 

system. (P3) 
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Here, P3 is not driven by external pressures or tangible rewards but by a deeply ingrained 

desire to regain and maintain his functional independence. His rehabilitation efforts have 

become fully integrated into his identity and long-term goals, such as woodworking and 

home maintenance. 

For participants like P3, rehabilitation is not just about muscle recovery—it 

becomes a means to regain autonomy in daily life, bridging the gap between physical 

recovery and personal values. P3 emphasizes his preference for purposeful activities over 

traditional exercises:  

 

[A technician] worked with me. We adapted my lawn tractor to have 

power steering and brakes so I could snow blow the snow in the 

wintertime and mow the grass in the summertime. I designed—he 

built—an automatic door opener for my apartment that I run from my 

phone. So, I’m driven by things that give me a little more independence. 

(P3) 

I hate working out. I've got no patience for repetitive, boring stuff. I 

want to do things that are good. I want to have functional, you know, I 

used to work—like splitting wood, I would work my butt off all day 

long. But, going, lifting weights is like, what? There’s no point to it. I 

need a purpose. (P3) 
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He adapts his exercises to make them more meaningful and relevant to his daily life, 

stating: 

 

For P3, the direct benefit of exercising lies in achieving his personal goals, such as 

working in his shop or wheeling independently. He reflects on the relationship between 

his physical fitness and functional goals: 

I've got my TheraBand strapped to the wall, and my therapy is 

getting… I've actually taken some of the straps off the wall and put 

them to use in my work. I want my exercise to be functional. I want my 

strength to improve functionally. I don’t care how big my arms are—I 

want to be able to do stuff. (P3) 

I had a hard time with motivation. Once again, before 2019, when I 

was in a manual chair and much more, you know, my shoulders were 

bigger, my arms were bigger because I was working them all the time. I 

was more motivated to work out, or it was less of a fight internally. 

Motivation to work out because I could see the difference in my bulk 

when I worked out and when I didn’t. And it was also very functional. 

You know, if I didn’t work out for six weeks, then I couldn’t work in the 

shop as long. I couldn’t go as far around the block, or I couldn’t wheel 

as far. (P3) 
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Similarly, P5 describes exercising with the specific goal of regaining the ability to drive, 

reflecting a personal, value-driven motivation:  

 

P2, a sports enthusiast, exemplifies integrated regulation by tying his recovery to 

his love for coaching football. He shares: “[I] love sports. Just love sports in general” 

(P2). He continued to say that getting back to coaching football was a big driver for him:  

 

For P2, the drive to return to coaching became a significant factor in his rehabilitation 

journey, much like P3’s dedication to woodworking. 

Free sitting, so I’ll move to the front of my chair with the arms up and 

try to maintain some kind of core exercise. Since I lost my license, I’ve 

been working on a lot of TheraBand stuff, trying to mimic steering a 

wheel. Now that I know they’re not going to get my leg back, it’s like 

pushing them forward and pulling back [the band], trying to—yeah, I 

haven’t totally given up on my legs. So, stretching, not daily but maybe 

a couple times a week compared to what I’m supposed to do. (P5) 

I found I really worked hard late last summer to get [better] because I 

coach football again 5 days a week 3 hours a day on a football field. 

That was one of my big motivations to be able to go out and do that 

again last fall. (P2) 
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For many participants, engaging in continued rehabilitation is closely intertwined 

with their deeply held values of independence, self-reliance, and personal identity. As 

they progress along the continuum of motivation, they move beyond external rewards, 

finding value in their rehabilitation efforts as a means to live a more autonomous and 

fulfilling life. 

Connecting Theme to Existing Literature 

This theme aligns with the findings of Yoshida et al. (2021a) where engaging in 

meaningful activities such as hobbies helped reinforce participants' commitment to 

rehabilitation, as these pursuits provided them with a tangible goal beyond mere physical 

recovery. In their study, a participant expressed, "I really like to play golf. I have to do 

my training to play that" (Yoshida & al., 2021). This is consistent with the notion that 

hobbies and leisure activities are closely tied to one’s sense of self and are often used as 

markers of successful rehabilitation. Similarly, the desire to return to work emerged as a 

powerful motivator for some participants in this study. Yoshida et al. (2021a) identified 

returning to work as a central goal for participants, with one sharing, "My goal is to 

return to my previous work. That is my motivation for rehabilitation." This reflects the 

strong connection between regaining a sense of self and the resumption of one’s 

professional identity, reinforcing the idea that rehabilitation is not just about physical 

healing but also about reclaiming roles that define personal identity. 
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Intrinsic Motivation 

Intrinsic motivation is fueled by an inherent interest or enjoyment in the task 

itself, without reliance on external pressures or rewards. In a rehabilitation setting, this 

form of motivation can significantly enhance engagement and persistence. The 

participants in this study demonstrated how experiences of enjoyment, curiosity, and 

personal interests related to the EMG feedback tool could contribute to their intrinsic 

motivation. 

Theme 12: Enjoyment  

A key aspect of intrinsic motivation is the enjoyment derived from the activity 

itself. For example, P4 expressed excitement when engaging with the real-time visual 

feedback: "Just to see that play out in front of me, like see all the waves in real-time, 

that's exciting enough for me” (P4). The real-time nature of the feedback provided a 

tangible connection to his efforts, making the activity enjoyable. Similarly, P3 drew a 

stark contrast between exercises with and without visual feedback, stating: "It's black and 

white. You know, it's 180 hundred degrees. I hate doing that. I like doing this." This 

highlights how the use of visual feedback transformed an otherwise unpleasant task into 

something more engaging. 

The sense of enjoyment was also evident when P3, who has a complete SCI, 

seemed to enter a state of flow as he repeatedly isolated extension from supination in 

PCA Feature Space. Despite the seemingly repetitive nature of the task, P3 kept going: 

"Yeah, that's incredible," he commented after completing 20 repetitions while the Study 
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OT noted, "That's incredible how much energy he still has." This sense of fascination and 

engagement is also reflected in the observation of FG6, who attended the patient session 

and noticed that P2 had completed 10 repetitions in each PCA Feature Space cluster, 

stating, "your motivation is higher," to which P2 simply replied, "It is. It’s interesting. It’s 

very interesting."  

Connecting Theme to Existing Literature 

Enjoyment in rehabilitation is a critical factor that fosters intrinsic motivation, 

which can lead to greater adherence and persistence in recovery programs. While it is not 

common for individuals to find inherent enjoyment in rehabilitation itself (Yoshida et al., 

2021a), visual feedback tools may help bridge this gap by making the process more 

interactive and rewarding. For individuals who face long-term rehabilitation, such as 

those with SCIs, promoting enjoyment through engaging tools like real-time feedback 

may be key to maintaining intrinsic motivation and preventing burnout. 

Research in other fields supports the idea that tasks with clear goals, immediate 

feedback, and a balance between challenge and skill can induce flow states, which 

enhance enjoyment and performance (Csikszentmihalyi, 1990). This "flow" or "optimal 

experience" can be achieved through physical activities such as sports, dance, yoga, and 

martial arts. While these activities require demanding skills, individuals can find joy in 

figuring out their body's capabilities (Csikszentmihalyi, 1990), as seen in this study. 
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Theme 13: Curiosity and Novelty  

Curiosity, another critical component of intrinsic motivation, encourages 

individuals to engage with tasks for the sake of exploration and learning. P5 found the 

novelty of understanding and controlling specific muscle movements to be engaging. His 

curiosity was evident in his comment: "These trickier motions are cool to see” (P5). The 

challenge and novelty of the feedback system kept him engaged, prompting him to 

explore further. Similarly, P3 expressed a desire to delve deeper into the possibilities of 

the muscle activity feedback tool, stating: "I'd like to explore it more... I see potential... 

I’m more intrigued. I want to see where I can explore... what makes it go” (P3). Earlier, 

he mentioned his interest in virtual reality, emphasizing his inclination for exploration: 

"Yeah, I like exploring. I like new things” (P3). This sense of curiosity not only sustained 

their engagement but also fostered a long-term interest in novel or challenging tasks. 

P2 echoed the sentiment that novelty is crucial for sustained engagement, explaining, 

"Yeah, it needs something a little bit to draw you in. And it also needs to not be overly 

repetitive." He elaborated on his past experience with a device, noting: 

 

That was my problem with the GripAble, I did it for two months. At the 

end I knew every game. It was more the motivation than the movement 

at the end; it should be more about the... It needs to keep it fresh a little 

bit. (P2) 
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Together, these reflections illustrate how curiosity and the desire for novelty can enhance  

intrinsic motivation, leading individuals to engage more deeply with their rehabilitation 

tasks. 

Connecting Theme to Existing Literature 

This initial excitement could have reflected the “novelty effect/bias”, where 

individuals display heightened engagement when interacting with a new and unfamiliar 

tool (Dörner et al., 2016; Luo et al., 2023). The unique opportunity to witness real-time 

feedback from muscles that had previously seemed unresponsive created a sense of 

discovery and curiosity that has the potential to sustain motivation during exercises. The 

novelty of the visual feedback system created a strong initial motivation, but participants 

emphasized the need for ongoing novelty to maintain that engagement. As P2’s 

experience with the GripAble (a gamified grip device) demonstrated, repetitive tasks can 

lead to a decline in motivation over time, even if the tool initially sparked curiosity. This 

suggests that while novelty can capture attention and drive short-term engagement, the 

long-term success of rehabilitation tools relies on their ability to introduce varied 

challenges and avoid monotony. 

Theme 14: Personal Interests  

Intrinsic motivation is closely tied to personal interests and values. When 

rehabilitation tools aligned with participants' interests, they found greater motivation to 

engage. For P4, exercising on the stim bike was inherently enjoyable because it 

connected to his long-standing hobby of biking: "I was biking all year round every 
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season” (P4). He added: "The stim bike naturally goes back to that [interest in biking]” 

(P4). The stim bike was not only the tool he preferred but also the one he saw the most 

benefit from, underscoring how aligning rehabilitation activities with personal passions 

can enhance engagement. Similarly, P2’s enthusiasm for sports enhanced his enjoyment 

of the feedback system, which he likened to data analytics in sports: 

 

This connection between the feedback system and his interests in sports further supported 

his intrinsic motivation. P3 also emphasized how incorporating game elements, such as 

virtual reality, could align with his interests and further motivate him: "I'm waiting for the 

virtual reality thing... I think I would enjoy that very much." He elaborated, sharing that 

his love for scuba diving could be reignited through such technology: "There's a scuba 

diving one, and I used to scuba dive, and I would love, you know, some of my most 

memorable moments are underwater” (P3).  

In summary, the intrinsic motivation observed in the study participants—whether 

driven by enjoyment, curiosity, or alignment with personal interests— contributed to 

I think we'll go with the feature space. I liked that the best. It reminds 

me of [something], actually, I don't know if you watch baseball or not, 

but they'll do a lot of trending, to see if pitchers … trending pitchers 

over time, like they'll show during the game he threw this amount of 

pitches in this spot, so it kind of gives you that feedback of what spot 

you're hitting and how you're getting there. (P2)  
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maintaining their engagement throughout the rehabilitation process and study session. 

This intrinsic drive, amplified by the real-time feedback provided by the muscle activity 

tool, could play a significant role in their motivation to persevere and improve their hand 

function. 

Connecting Theme to Existing Literature 

This theme supports the ideas of Ryan and Deci (2000), who suggest that people 

are intrinsically motivated only when activities match their interests. Additionally, 

growing evidence shows that having a personal interest in an activity is essential for 

motivation and long-term engagement (Renninger & Hidi, 2004). Thus, integrating 

personal interests into rehabilitation not only enhances motivation but also fosters a more 

enjoyable and effective recovery process. 

5.2.2 Addressing RQ2 – Use Cases and Considerations 

This section of the results examines the use cases and considerations for 

implementing visual feedback of EMG activity in the rehabilitation of individuals with 

SCIs. Through a detailed analysis of the data collected, this section showcases the 

practical applications of the visual feedback tool and highlights factors that practitioners 

should consider when integrating these tools into rehabilitation programs, ultimately 

providing insights into enhancing therapeutic outcomes for individuals with SCI. 

Use Cases  

The analysis identified 13 themes within the category of Use Cases and 

Considerations, the first 8 themes related to use cases will be reported in this subsection. 
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In this exploration of EMG visual feedback for rehabilitation following an SCI, several 

use cases were identified where the tool shows promise, including muscle awareness at a 

pre-functional level, improved understanding of the brain-body connection, more focused 

rehabilitation protocols, muscle isolation, compliance and oversight for at-home use, 

enhanced patient-therapist communication, breaking tenodesis grip and informing 

surgical decisions, and spasticity management. 

Theme 15: Muscle Awareness at a Pre-Functional Level  

First, participants reported that visual feedback could help patients by showcasing 

subfunctional muscle activity at a pre-functional level and building muscle awareness. 

One clinician from the Focus Group noted: 

 

Yeah, I can picture it being helpful for that hard time [when] someone 

first comes in where you can't really do anything functional yet and 

you're just trying to get the basic awareness of when they’re activating 

what and they're frustrated, and you can't put a cup out and tell them to 

pick up the cup or something like that. But you want them to start 

learning that even though it's a tiny movement, I am getting wrist 

extension or I'm fighting myself because of my flexors. I feel like there 

is a period for a lot of people where it's hard to start something 

functional. (FG1) 
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This quote emphasizes how the tool bridges a critical gap between zero movement and 

functional movement by showcasing small, subfunctional muscle activities, which could 

be motivational in the early stages of rehabilitation. 

Connecting Theme to Existing Literature 

The importance of feedback, even at the pre-functional level, is necessary for 

motor learning and is discussed in detail in Section 6.4.3. 

Theme 16: Improved Understanding of Brain-Body Connection  

Participants also highlighted how visual feedback enhanced their understanding of 

the brain-body connection. As one individual stated: 

 

Others echoed this sentiment, describing their increased awareness of their muscle 

activations. One participant, who already had good body awareness, commented:  

Well, it's interesting to see what level of movement you're able to 

quantify by looking at a screen but I'm surprised certain movements I 

thought I was gonna see more activity than others, but that's just part of 

learning about your body and the connections between your muscle and 

your brain. (P4) 
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This shows how EMG visual feedback serves as a learning tool for both those with pre-

existing body awareness and those developing it, allowing users to see and adjust 

movements based on muscle activation patterns. 

Using visual feedback, participants were able to distinguish between hand 

position and muscle activation more clearly. P2 highlighted how the tool helped them 

recognize the difference, stating, "Yeah, yeah, for sure. Because I can put [my hand] in 

the position, and I can activate" (Figure 12) This feedback allowed participants to 

understand that positioning their hand alone was not sufficient without proper muscle 

engagement, emphasizing the importance of both aspects during rehabilitation exercises. 

I was always told that I have really good understanding of body 

awareness, where muscles are and what they're doing. Because I think 

I could have told you without looking that it's probably overactive in 

this part there [points to his flexors]. (P5) 
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Figure 12. Radial MAV Bars 8 channels – Left-handed wrist extension (left plot shows 

signals when wrist is in a slight extension position, right plot shows signals during an 

active contraction). P2 demonstrates the difference between position and voluntary 

activation using the radial MAV bars. 

 

Connecting Theme to Existing Literature 

EMG feedback relies on voluntary muscle activity, ensuring participants actively 

engage their muscles rather than just positioning their limbs. Although spasticity and 

muscle tone can appear in visual feedback as sustained muscle activity, these are usually 

easy to differentiate. Given the impaired proprioception following SCI, augmented 

feedback may help restore this sensory mechanism, allowing users to better understand 

the relationship between their efforts and the movements achieved. This topic is 

discussed further in Section 6.4.3. 

Theme 17: More focused rehabilitation protocol  

The EMG visual feedback tool fosters a more focused and effective rehabilitation 

protocol by helping participants identify specific pathways for movement and motivating 

them to improve. P5 discussed his ability to fine-tune exercises, saying, "Scores would be 
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motivational, but before you get to scores, it also gave you the ability to fine-tune as to 

what the therapist was looking for or what I was trying to achieve because it's just way 

much more information." 

Additionally, the tool allowed for real-time adjustments and helped ensure that 

rehabilitation goals were appropriately calibrated. As noted by a participant in the OT 

focus group: 

 

P2 highlighted the precision and focus the feedback offers: 

 

P1 echoed this sentiment, pointing out the value of immediate correction: "There's the 

actual feedback of what I'm supposed to do, as opposed to not seeing that and just doing 

If you set this at whatever value and I went home and I'm actually not 

getting this when I'm not with you, the therapist probably needs to 

reevaluate what that threshold is, or something about the program 

needs to be reevaluated. (FG1) 

It’s motivating you to train your muscles. The feedback shows what’s 

working and what’s not, and you can improve on that. So, I think it 

would be a very good motivational tool because it's very precise, and 

you can see which muscles you're working on. (P2)  
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it wrong without knowing." This demonstrates the potential of EMG visual feedback to 

enhance both the accuracy and motivation in rehabilitation exercises. 

Connecting Theme to Existing Literature 

Instructing movement tasks through abstract visualizations, such as lines, curves, 

bars, or points, has been shown to be effective in motor learning (Sigrist et al., 2013). In 

this study, participants could start with single-site visual feedback and gradually add 

channels from other forearm muscles, tailoring the amount of information they wanted to 

see. The tool proved useful for error correction and threshold setting, providing some 

necessary guidance.  

Theme 18: Muscle Isolation  

Another significant use case for visual feedback involves muscle isolation. 

Participants found visual feedback particularly useful for isolating specific muscles 

during exercises, a task that is often challenging in conventional rehabilitation settings. A 

clinician from the focus group described the difficulties in teaching patients to isolate a 

muscle group:  
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The visual feedback provided by the MAV bars helped participants like P1 

overcome challenges with unintended co-contraction. He explained how he struggled 

with activating both muscle groups during wrist extension, which limited his ability to 

fully extend:  

 

I feel we do some of it in informal ways often giving them a target. I put 

this [object] here and I want to get your hand here. I want you to see it 

move, hit it, move it. But getting them to see if they're activating the 

wrong thing and fighting themselves, I find really challenging because I 

can set them up so that if [they] activate [their] extensors, [they’re] 

going to touch the [object]. We're getting them to shut off the muscles 

that are stopping them from going any further or, holding their fingers 

back, because that's hard… I don't think I ever found a way to get some 

visual feedback on that besides looking at their hand. (FG5) 

I definitely liked the isolation [pointing to the MAV bars] to work on 

what you want me to work on and relax when I'm supposed to relax as 

opposed to seeing the rest of the stuff. I would probably still do my 

same cheating or same bad habit where say I'm doing a flexion and end 

up using both my muscle groups instead of what I'm supposed to use. 

(P1) 
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P1 struggled with unintended co-contraction during wrist extension, receiving small, 

equal signals from both his flexors and extensors, which limited his ability to fully 

extend. As he explained, “All the time [therapists tell me to relax the opposite muscle] ... 

but my muscles don't relax. At least I don't think [they] do.” During the session, the study 

team asked him to extend his wrist while monitoring a visual display of muscle activity 

(Figure 13). The Study OT instructed, “If you look at the flexion bar right now and try to 

extend your wrist and keep that flexion bar low.” By seeing the visual feedback, P1 was 

able to adjust his movements more effectively:  

 

For P1, the real-time feedback was a revelation, allowing him to finally relax his flexors 

during extension. “There’s feedback,” he reflected, “I had no idea that this [points to 

anterior forearm] was a thing [flexor co-contraction during wrist extension].” 

I was looking at that [the screen displaying flexor and extensor MAV 

bars] trying to tweak that [points to his forearm] ... I was trying exactly 

what you guys were trying to get me to do, to extend this [points to 

posterior forearm] and relax that [points to anterior forearm]. (P1) 

(Figure 13).  
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Figure 13: The plot on the left shows MAV bars displaying 2 channels during wrist 

extension. The plot on the right shows P1’s wrist extension after he was instructed how to 

isolate his muscles using the visual feedback. 

 

Similarly, P3 had always struggled to isolate his wrist extensors from his 

supinators, often recruiting both muscles simultaneously during movements. For the first 

time, using PCA feature space, he could visually distinguish between extension and 

supination, which had previously appeared grouped together in other visuals. As the study 

OT pointed out a cluster on the screen, they asked, “What muscle group takes you up 

there? Can you distinguish the muscle that takes you higher?” P3 responded, “When I start 

to supinate.” This moment of realization allowed him to recognize the difference between 

the two movements. The OT confirmed, “So therefore you could start to distinguish,” and 

P3 replied confidently, “Yeah definitely... because that’s just supinate.” As he continued, 

P3 noticed the separation more clearly: “Oh! And there’s supinate,” noting that when he 

relaxed and eased into extension, the visual feedback revealed the difference. Excited by 

this breakthrough, P3 remarked, “This is cool.”  

Connecting Theme to Existing Literature 

Maladaptive coactivation in persons with sensorimotor deficits is often 

manifested as a reduction in the generated force (Latash, 2018b). In Chae et al. (2002), 

the EMG activity of 26 hemiparetic stroke survivors was recorded during isometric wrist 



 

 

107 

 

flexion and extension, and it was found that muscle weakness and the degree of co-

activation correlated significantly with motor impairment and physical disability. 

Therefore, significant effort is placed on the reduction of co-activation in 

neurorehabilitation in stroke survivors (Hung et al., 2021b; Marin-Pardo et al., 2020b; 

Mugler et al., 2019b; Shuhan et al., 2019b).  

While co-contraction is necessary for certain coordinated actions, the ability to 

isolate and control individual muscle groups has roots in the prosthetics field, where 

training with myoelectric control prostheses is less about restoring natural function and 

more about restoring or developing new separable muscle control sites for assistive 

device operation. Beyond visual feedback, EMG amplitude and activation patterns can be 

used in interactive settings, such as controlling a cursor in a game environment, where 

effective muscle isolation is essential for precise control. A feasibility study with 

individuals living with the effects of a stroke demonstrated that training with an EMG-

controlled game reduced upper-arm co-activation, enhancing control and muscle isolation 

(Hung et al., 2021a). The study tool shows promise for developing muscle isolation skills 

in SCI rehabilitation, as it encourages patients to refine voluntary muscle control. 

Theme 19: Compliance and Oversight for at-Home Use  

In rehabilitation, particularly when patients are sent home with exercises, 

compliance and oversight become crucial elements of ensuring progress. As one therapist 

noted, “so you have to send them home with stuff eventually. And sometimes you’re 

thinking ‘oh I hope this goes okay’” (FG1). The use of a visual feedback tool for muscle 
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activity could significantly enhance therapists’ ability to monitor and support patients 

remotely. For instance, the hypothetical use of such a tool would allow data sharing 

between the patient and therapist, making it possible to track progress and ensure 

exercises are being performed correctly. As one therapist explained: 

 

This approach can help maintain the quality of exercises even when patients are not under 

direct supervision. By using visual feedback, therapists can set thresholds that patients are 

expected to meet during their home exercises, reinforcing the targets that were achieved 

during therapy sessions. As one therapist described, using the max bar to set a threshold 

ensures consistency: “This is where you’re aiming when you're home and on your own” 

(FG1). This clear and objective feedback can guide patients in maintaining the necessary 

effort and technique. 

Patients themselves recognized the potential benefits of such a tool. One 

participant, for example, envisioned technology enabling remote check-ins with their 

therapist: “Say we had a session and we were reaching a threshold of numbers and we 

weren't together but somehow you could connect it technology-wise like, ‘hey, can I 

check in on your strength? How have you been doing?’” (P5). This ability to connect 

[They] might not be doing what we want them to do, but if they have 

their visual feedback, we could coach them and say ‘this is exactly what 

we want the screen to look like when you're trying to activate your 

wrist.’ (FG6) 
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remotely could reduce the need for frequent in-person visits while still maintaining 

oversight. 

Moreover, some therapists have found similar technology helpful in other 

contexts. One therapist mentioned how certain virtual rehabilitation games allowed 

therapists to monitor whether patients were completing their tasks: 

 

The benefits of monitoring are echoed by participants, as one shared their positive 

experience of being monitored remotely:  

 

You can actually see if your client is doing it. So sometimes, the 

therapist has a username that they can see. ‘Well, they have done their 

homework, or they have gotten this threshold 4 days in a row’. So 

that’s sort of a neat feature on some of the other things we’ve done with 

clients. (FG3) 

I'm always training and doing my rehab by myself. So, for example, on 

the STIM bike, I always try to do as much as possible, distance-wise, 

effort-wise, and as it monitors how often or how much active versus 

inactive: […] Somebody is monitoring all my progress [PT at local 

rehab centre]. (P4) 
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This kind of oversight could be expanded to include EMG visual feedback, enabling a 

more comprehensive picture of patient progress. 

In addition to ensuring compliance, this feedback loop offers a level of insight 

that is not always possible through verbal reporting alone. One therapist noted: 

 

This level of detailed feedback allows therapists to tailor future exercises and 

interventions more effectively, ensuring that patients are not only doing their exercises 

but also doing them correctly. 

Connecting Theme to Existing Literature 

Expanding access to rehabilitation tools outside of clinical facilities can further 

enhance rehabilitation outcomes. Research indicates that increased time spent on therapy 

is positively associated with clinical outcomes. For instance, a recent study found that 

stroke survivors who engaged in more therapy sessions experienced greater recovery 

(Lohse et al., 2014 as cited in Song et al., 2024). Activity-Based Therapy (ABT) is a 

It’s feedback for them, but also kind of like you said, if they’ve done 

their homework, but also you could look at this as a therapist and say 

‘you did your homework, but this really didn’t go well’, which that’s 

not the insight you always get [without a tool like this]. You can ask a 

client how it went; they say it went great; ‘I did everything you told me 

to.’ (FG1) 
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promising approach to rehabilitation that has been shown to be beneficial in the 

functional recovery of individuals with chronic incomplete and complete SCIs (Swaffield 

et al., 2022b). ABT uses principles of neuroplasticity, including repetition, intensity, and 

task specificity, to target function and sensation below the level of injury (Behrman et al., 

2017; Swaffield et al., 2022b). These principles can be effectively targeted and practiced 

using the EMG visual feedback tool. 

Furthermore, fostering intrinsic motivation is vital, as we discussed previously. 

Allowing patients the freedom to engage in rehabilitation activities anywhere and 

anytime encourages habit formation, particularly when the activities are simple (Kappen 

et al., 2018). This flexibility not only empowers patients but also enhances their 

commitment to the rehabilitation process, ultimately contributing to improved outcomes. 

Theme 20: Improved Patient-Therapist Communication  

Some participants acknowledged the potential for such tools to improve 

communication with therapists. For example, P3 highlighted how a visual feedback tool 

could enhance discussions about bodily sensations during rehabilitation. He stated: 

 

Yeah, I could explain what’s happening to.... this is number 5 or 

number 5 is working more than number 4, and that’s not the way I want 

it [...] you could vocalize ... you could articulate more what the problem 

was and what your goals were. (P3) 
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This ability to articulate specific challenges could strengthen the therapeutic alliance by 

fostering a shared understanding of the patient’s goals and experiences. Similarly, P1 

emphasized the challenges he faced in conveying his experiences to healthcare 

professionals without visual aids. He remarked: 

 

This demonstrates how visual feedback could bridge communication gaps, ultimately 

enhancing the relationship between patients and their therapists.  

Connecting Theme to Existing Literature 

Research by Truong et al. (2020) supports this, indicating that effective 

communication and a strong therapeutic alliance are linked to improved rehabilitation 

outcomes following musculoskeletal injuries. The concept of improving therapeutic 

alliances and supporting the need for relatedness is discussed in more detail in Section 

6.4.1.  

Theme 21: Breaking Tenodesis Grip and Informing Surgical Decisions  

Deciding when to break the tenodesis grip in SCI rehabilitation is a critical and 

nuanced decision for therapists. Tenodesis grasp is a technique used to create a passive 

It would be much easier because instead of me trying to figure things out 

on my own and trying to convey that information to the doctor or to 

physio and then have the doctor go 'hmm yeah, that's not really how.’ 

(P1) 
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grip by extending the wrist, causing the fingers to bend towards the palm. This grasp is 

essential for patients with certain levels of spinal cord injury who lack the muscle 

strength for an active grip. In these cases, avoiding overstretching of the fingers is 

important. However, if muscle strength returns, there may come a point in the 

rehabilitation process when patients could grasp naturally, prompting a discussion about 

whether to break the tenodesis grasp. However, as one therapist noted, “some people 

never gain anything beyond the tenodesis function. They never get enough muscle 

[strength/function] to activate it anymore depending on the level of the injury” (FG6).  

The introduction of EMG visual feedback into this decision-making process could 

provide valuable insights. One therapist discussed how visual feedback could help 

therapists determine whether to break the tenodesis:  

 

This tool could offer a more precise understanding of whether a patient’s muscle activity 

is strong enough to shift from a passive grip to an active one, potentially allowing for 

more progress. 

We often have talks about when clients need to break their tenodesis or 

not. So I wondered if we had visual feedback to know, okay, there’s a 

muscle group waking up, but because they’re using their tenodesis we 

are not breaking it, right? We don’t want to. So, it'd be interesting. We 

have to think about, well, ‘should we break it? Shall we not?’ (FG6) 
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Incorporating EMG feedback could also address cases where spasticity interferes 

with identifying muscle activation. As one therapist explained, “sometimes we think 

there’s active movement, but we’re not breaking it [tenodesis function] because there’s so 

much spasticity. If they learn to shut that off, maybe we could break more tenodesis 

quicker” (FG6). This detailed, fine-grained feedback would help therapists distinguish 

between spasticity and true muscle activity, allowing them to make more informed 

decisions on whether or not to maintain or break the tenodesis grasp. 

The possibility of using visual feedback to prevent unnecessary surgical 

interventions is another compelling aspect of this tool. One therapist shared an experience 

where a client was considering nerve surgery to address their hand function, but after 

working with the patient and detecting slight muscle activation, the surgery was 

cancelled. They said: 

 

Visual feedback could provide a clear indication of muscle recovery, preventing 

premature surgical decisions. 

There’s a client he swore he was going to need surgery and then we 

worked with him and ‘I’m feeling flickers here’ and they held it. But if I 

had that, we could have said, ‘Yes, it’s coming... don’t think about 

surgery’. So, they canceled the surgery [nerve transfer]. (FG6) 
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Connecting Theme to Existing Literature 

Deciding when to break the tenodesis grip in spinal cord injury rehabilitation is a 

critical decision for therapists, as this technique allows patients with limited muscle 

strength to achieve a passive grip. The tenodesis grip allows active wrist extension to 

produce passive flexion of the fingers, creating a passive grip (Pripotnev et al., 2023). 

Conversely, active or passive wrist flexion—using gravity—can result in a passive 

extension of the fingers, enabling hand grip release. Reconstructive surgery may be 

considered to enhance this basic function (Pripotnev et al., 2023). 

Introducing EMG visual feedback could provide valuable insights into whether 

muscle activity is sufficient to transition from a passive tenodesis grip to an active grip, 

thus informing discussions about breaking the tenodesis grasp. Visual feedback of EMG 

activity can also help differentiate between spasticity and voluntary muscle activation, 

leading to more informed clinical decisions. Furthermore, a tool like this may reduce the 

need for unnecessary surgical interventions by indicating the presence of muscle 

recovery, even when subfunctional. For instance, there was a case discussed in this study 

where a patient’s surgery was cancelled after detecting slight muscle activation, 

highlighting a potential application not previously explored in the literature. 

Theme 22: Spasticity Management  

Spasticity management presents a significant challenge for individuals with SCIs, 

yet visual feedback of muscle activity could serve as a valuable tool for both patients and 

therapists in addressing this issue more effectively. One therapist articulated this 
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challenge, noting, “I wonder... spasticity... when they’re learning how to tune off their 

spasticity. We spend a lot of time doing that. [...] It’s they’re over-recruiting” (FG6). By 

employing visual feedback, therapists could assist patients in recognizing when they are 

over-activating their muscles and guide them in making necessary adjustments. 

Patients frequently struggle to determine whether they are successfully relaxing 

their muscles. For instance, participant P1 conveyed the frustration that many experience 

when asked to relax their muscles, expressing uncertainty about their success: “Yes, all 

the time, but my muscles don’t relax. At least I don’t think [they] do” (P1). This 

sentiment was further underscored by P1’s experience with EMG electrodes that 

provided auditory feedback. Despite their efforts to relax, the electrodes continued to 

register muscle activity, revealing the challenge of voluntary muscle relaxation: “If she 

gets in there [with electrodes], my muscles are supposed to be relaxed and just no sound. 

But the electrode signal is like ‘bzzzzzzzz’” (P1). Such experiences highlight the 

difficulty patients encounter in quieting their muscles, even with focused attempts. 

A visual feedback tool could illuminate these hidden tensions, allowing both 

patients and therapists to identify where spasticity persists and determine effective 

interventions. As the study occupational therapist noted, “So the thing about the muscles 

firing at the same time, especially with spasticity, is such an incredibly difficult concept 

to understand.” This indicates that visual feedback could be instrumental in enhancing 

both therapists’ and patients’ understanding of their muscle activity, transforming what 

was once an abstract concept into a more tangible experience. For P1, seeing the 
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feedback provided clarity and reassurance, reinforcing that the ability to relax certain 

muscles is not only achievable but also measurable: “So seeing that feedback happen is 

definitely like a lot more helpful than me guessing whether this is relaxed or not.” 

Overall, integrating visual feedback into spasticity management could facilitate better 

communication between patients and therapists, leading to more effective strategies for 

muscle relaxation and overall rehabilitation. 

Connecting Theme to Existing Literature 

Research by Doan-Aslan et al. (2012) supports the potential benefits of visual 

feedback in managing spasticity. Their study evaluated the effect of visual feedback of 

EMG activity treatment on wrist flexor muscle spasticity, upper extremity motor 

function, and ability to perform ADLs in patients with hemiplegia following a stroke. 

They found a statistically significant improvement post-treatment in the Ashworth scale 

(evaluating upper extremity spasticity), Brunnstrom’s stage of recovery for hemiplegic 

arm and hand (evaluating upper extremity and hand motor function), the upper extremity 

function test, goniometric measurements of active range of motion of wrist extension, and 

surface EMG potentials in the study group (Doan-Aslan et al., 2012). 

Considerations 

Analysis identified 13 themes within the category of Use Cases and 

Considerations, the final 5 themes related to considerations will be reported in this 

subsection. This section delves into a few critical factors that should be taken into 

account when considering the use of visual feedback tools in SCI rehabilitation. This 
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includes exploring different feedback modalities, how some individuals rely on keeping 

their eyes closed to focus, the arbitrary orientation and placement of sensors, how 

functional movements are the priority in occupational therapy, and the importance of the 

clinician’s role and coaching. 

Theme 23: Different Feedback Modalities  

When considering how a visual feedback tool for muscle activity could be applied 

in SCI rehabilitation, it is important to compare it with other forms of feedback, as each 

has unique strengths and limitations. Augmented visual feedback, while useful, may not 

always be the best option depending on the patient’s condition or the specific task they 

are attempting. 

In this research, the focus was on showing muscle activity in real-time on a 

screen, offering patients a clear representation of their efforts. However, as one therapist 

highlighted, there is an important distinction between this augmented visual feedback and 

more functional feedback, where the patient focuses on the actual movement of their 

limb. For some patients, particularly those with some level of functional movement, 

watching their limbs may feel more natural and helpful. The PI’s supervisor emphasized 

this, stating, “If someone is functional or they're expecting some functional [movement], 

their focus is gonna be here [on their limb], not on the screen” (Supervisor). For instance, 

P1, a participant with some functional movement, found that focusing on the limb itself 

was more effective during tasks: “I guess probably seeing the actual action happen that 
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for me because it actually works. Would probably be better feedback than seeing the 

numbers [visual feedback on a screen]” (P1). 

In some cases, therapists also use feedback from the patient’s less impaired limb 

as a comparison tool. This approach encourages movement in the affected limb by 

mirroring the more functional one. As one clinician explained, “Sometimes if they look at 

their other limb and I try to get them to mimic it […] then there may be some visual […] 

from the other limb to try to encourage...” (FG2). 

For patients with altered sensations or proprioception, focusing on their limb is 

often essential, as they rely more heavily on their vision to guide movements. A 

participant from the focus group illustrated this by noting, “Sometimes they have altered 

sensations, so [...] they often use their eyes and their hands to work on it versus looking at 

it at a screen” (FG3). In these situations, visual feedback from the limb itself is more 

functional and relevant than relying on a screen. 

Another form of feedback involves ultrasound, which provides real-time visual 

cues. As P1 described, “[The doctor has a] new machine [ultrasound] that’s visually 

showing the muscles as opposed to just the sound, the beep” (P1). This technology allows 

patients to see muscle activity, although interpreting the feedback often requires a trained 

clinician. 

Tactile feedback can play a critical role in SCI rehabilitation, helping patients 

locate and activate specific muscles. P5 shared how physical touch greatly improves his 

ability to fire muscles that are harder to engage, such as his quads:  
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This tactile stimulus acts as a reminder, helping his brain identify the correct pathway and 

produce a stronger muscle response. Similarly, P3 described how having the Study PI 

place a finger on the back of his wrist during an exercise provided a focus point that 

enhanced his muscle activation: “It gave me a focus” (P3). The subtle physical input 

allowed him to direct his attention more precisely, improving his control. The Study PI 

also noted how another participant described this as “pathfinding,” a method where 

tactile sensation aids in locating and firing the intended muscle. These examples highlight 

how tactile feedback, through physical touch, can enhance muscle awareness and 

activation, making it an important consideration alongside visual and auditory feedback 

in rehabilitation. Auditory feedback is another effective option, especially for patients 

who need to focus on their limbs but still require real-time feedback. One therapist 

highlighted the utility of combining auditory feedback with visual focus on the limb, 

stating, “Some people do not have great insight into what their movement is like. [...] 

Whether it's auditory feedback, whether it's a beep getting louder or speeding up or 

something, they can do both at once” (FG1). The research teams’ software developer 

supported this idea, adding, “So one way you're suggesting, audio feedback, that'd be a 

I get way better reaction. You rubbed your finger over the inside of my 

arm there, and it reminded me of as soon as someone triggers that my 

brain’s like, ‘ohh’ there’s where it is. [...] I just fired my quads because 

I felt something stroked them. (P5) 
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way that they could achieve both. Look at their hand and get augmented feedback” 

(Software Developer). For patients with memory impairments or difficulty tracking their 

movements in real-time, auditory feedback offers an intuitive and simultaneous guide to 

their muscle activity. 

Connecting Theme to Existing Literature 

These different modalities are discussed at length in Section 6.4.3. 

Theme 24: Pathway Finding and Keeping Eyes Closed to Focus  

In spinal cord injury rehabilitation, visual feedback of muscle activity can be a 

useful tool, but it is important to consider how it interacts with patients' strategies for 

focusing or relaxing. For some, visual input can even become a hindrance, particularly 

when they rely on internal cues to manage spasticity or recruit muscles. This becomes 

clear when patients describe their experiences with both visual and non-visual forms of 

feedback during therapy. 

For some patients, closing their eyes helps them better engage with internal 

sensations, aiding in relaxation and muscle recruitment. P5 shared:  

 

If I shut my eyes, it's normally just, it's mostly pathway finding. I do it 

in physio all the time. So, I always close [my eyes] ... it just helps me 

channel to silence everything else and completely focus on what you're 

asking. (P5) 
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This focus-enhancing strategy allows them to disconnect from distractions and zero in on 

the task at hand. P5 elaborated that they could “recruit much better” with eyes closed and 

found this technique more effective than relying on external visual feedback, such as 

mirrors or screens. 

At times, visual feedback may detract from the goal of relaxation. P5 experienced 

frustration while trying to quiet their muscles while watching a visual representation of 

muscle activity:  

 

In this case, the visual feedback increased their focus on the muscle tension, which 

paradoxically made it harder to relax. P5 explained that the feedback disrupted their usual 

method of “pathway finding,” where closing their eyes helped them locate and relax the 

muscles without the distraction of seeing the activity on a screen. P5 said: 

It was much more difficult to quiet my muscles while watching. I 

wanted it to flatten out more than what it was going... But if I were to 

look and [my signal was] still peaking there, that's frustrating. I should 

be a lot calmer than that. (P5) 
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This insight highlights how visual feedback, while useful in some contexts, may interfere 

with relaxation techniques for certain individuals. 

Similarly, P3 described how closing their eyes helped them focus on specific 

muscle groups and improve movement control over time. P3 said: 

 

For P3, the act of “zoning in” on a particular muscle with closed eyes helped them refine 

their movements, making the process more effective. 

This need for focus without visual input becomes even more apparent when 

patients describe feeling overwhelmed by too much feedback. P3 noted, “With just the 

two [channels of feedback], I was less prone to close my eyes because I wasn't being 

overwhelmed with all of the information that we weren't necessarily looking for” (P3). 

Watching it made me intently focus on trying to calm it down, which is 

probably the opposite of what it needed. [...] Not paying attention to it, 

I would have thought there's a flat noodle happening, and then I'd look 

and see, oh, that's a snake. (P5) 

It’s like focusing... when you’re in rehab, when you're trying to do 

something you can’t, or you're relearning to do, and you can focus on a 

muscle group to make it move. [...] Each time you do it, you can kind of 

hone in on it a little more precisely. (P3) 
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This suggests that feedback tools should be carefully calibrated to avoid overloading 

patients with unnecessary data, which can distract from the primary goal of rehabilitation. 

Connecting Theme to Existing Literature 

This topic is discussed in greater detail in Section 6.4.3. 

Theme 25: Arbitrary Orientation and Placement of Sensors  

Findings from this study emphasize the importance of re-evaluating early 

assumptions made about sensor placement and signal interpretation in EMG sensing. We 

used an EMG cuff with eight electrodes around the forearm to capture signals 

comprehensively and conveniently. We assumed that antagonist muscle pairs (like 

flexors and extensors) are anatomically opposite, expecting that increased activity in one 

muscle would mean decreased activity in the opposing muscle. This led to using 

directional terms like "left," "right," "up," and "down." We also defined landmarks on 

graphs somewhat arbitrarily. For example, in Figure 14, a right-handed wrist extension 

shows the sensor bar reaching to the right. While the "up" direction on the graph could 

have been used to represent radial deviation, we labelled the top landmark "thumb" to 

orient the user’s hand position, rather than their movement. This lack of consistency 

between movement and position labelling led to some confusion, as participants 

sometimes interpreted the "thumb" label as indicating muscle activity of the thumb itself.  
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Figure 14. Arbitrary Graph Labels. 

 

From healthy individuals, we have an established blueprint for how some 

movements like extension and flexion appear on a screen and patterns for hand opening 

and closing, often with slight co-contraction. However, when it comes to more dexterous 

and fine movements, there is a lack of clear baseline pattern to reference. 

Findings underscore the need for a more thoughtful approach to electrode 

placement and signal interpretation, particularly in populations with altered musculature. 

P3 emphasized this point, stating, “I think that the placement of [the sensor] is very 

important.” This sentiment reflects a broader concern about how improper sensor 

positioning could impact the accuracy of the feedback provided to patients during 

rehabilitation. Furthermore, P3 noted, “If you were really trying to work on isolating 

opposing muscles, you would want to know where [the muscles are].” This highlights the 
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necessity of understanding the anatomical landmarks and muscle layouts specific to each 

individual, rather than making general assumptions about the positioning of “extensors” 

and “flexors”, for example. This idea is echoed in the PI’s data analysis notes remarking 

that generalizing the “extensors” and “flexors” to two opposing sensors, without proper 

palpation and probing or anatomical landmarks, risks underrepresenting the patient's 

abilities and assumes an identical muscle layout for everyone. A practical example 

captured during the session with P3 illustrates this point further. At one point in the 

session, the PI commented: 

 

Overall, these findings suggest that greater attention needs to be paid to the 

precise orientation and placement of sensors in muscle activity monitoring. By moving 

away from generalized assumptions about muscle groups and instead focusing on 

individualized anatomical landmarks, clinicians can enhance the accuracy of feedback 

provided to patients, ultimately leading to more effective rehabilitation outcomes. 

So, it's interesting. I moved these sensors around [because] they 

weren't highlighting all your extension, but now I feel I moved it 

around and it's no longer highlighting your flexion as well. So, it's 

almost like maybe those muscle groups aren't so opposite on you. They 

might be sort of working in between. (Study PI) 
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Connecting Theme to Existing Literature 

When working with participants with SCI, we must acknowledge that while the 

anatomical structure of the forearm may remain intact, the nerves supplying specific 

muscles are likely compromised, leading to muscle atrophy and other physiological 

changes that alter muscle mass and distribution. These changes can influence the spatial 

relationships between muscles and individuals with SCI often demonstrate abnormal 

muscle synergies, patterns of co-activation, and compensatory movement strategies 

(Balbinot et al., 2021). As a result, the traditional assumption of clear, opposing signal 

dynamics may no longer hold true.  

This combination of muscle atrophy and atypical movement patterns can account 

for differences in the positioning and function of muscles responsible for actions like 

wrist extension compared to those in healthy individuals. The size of the arm also plays a 

role in these discrepancies. This highlighted a particular advantage of the multi-channel 

direct feedback and pattern-based approaches included in this study, where the visual 

output did not have to exclusively rely on perfect sensor placement or the ability to 

contract any one given muscle. 

Future studies utilizing EMG visual feedback should consider optimal sensor 

placement for accurate muscle representation. Protocols for sensor placement and 

palpation, possibly including the use of needle electrodes, should be developed. Although 

single electrodes may provide more specific placement, all participants, including 

clinicians, found that the armband was easy and convenient to use. Reducing barriers and 
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annoyances associated with performing rehabilitation exercises is equally important for 

encouraging patient engagement. 

Theme 26: Functional Movements are the Priority in Occupational Therapy  

The findings from this study emphasize that functional movements are a primary 

focus in occupational therapy, reflecting the central goal of helping patients regain their 

ability to perform daily activities. P4 articulated this perspective by stating, “They were 

mainly focused on functional movements that I would need for daily activities. The first 

one being moving my left arm because that was my functional one to be able to feed 

myself.” This highlights the importance of targeting specific functional tasks, such as 

self-feeding, to facilitate rehabilitation. 

Additionally, insights from the occupational therapy focus group reveal a deeper 

understanding of the complexities involved in functional movement training. One 

participant noted, “It's funny. I was just thinking, do you have videos of normal study 

participants that don't have an injury? What we're trying to get to with our clients, right? 

What's the goal? What are we aiming for?” This comment underscores the need for 

clarity in the objectives of therapy and the importance of utilizing reference materials to 

guide patients towards normative movement patterns. 

In contrast, P1 shared a similar experience regarding focus during therapy 

sessions: “I've never been told to focus on a specific muscle group if I'm doing an 

[exercise]. It's always been like pick the blocks up.” This reflection points to a potential 

gap in therapeutic approaches where patients may not be encouraged to develop 
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awareness of specific muscle groups involved in their movements. It highlights the need 

for more targeted interventions that connect functional tasks with the underlying muscle 

activity, thereby enhancing patients' understanding of their rehabilitation process. 

Overall, these findings illustrate that while the emphasis on functional movements 

is critical in occupational therapy, there is a need for improved communication and 

education around the specific muscle dynamics involved. This could lead to more 

effective rehabilitation strategies that empower patients to engage more meaningfully in 

their recovery journey. 

Connecting Theme to Existing Literature 

In hand function rehabilitation for neurologically impaired populations, the 

activation and control of forearm muscles are essential. Although the example gestures 

included in the EMG feedback system—such as wrist flexion, extension, and hand 

opening—are typically designed for controlling prosthetic devices or input for a 

myoelectric game, they are equally important for patients seeking to regain functional 

abilities, like gripping a mug. The simultaneous co-contraction of flexor and extensor 

muscles enables patients to mimic grasp and release movements, which are vital for 

everyday activities. Additionally, maintaining a good range of motion to prevent wrist 

contractures and focusing on force calibration are important components of effective 

hand function rehabilitation. Future versions of the EMG Visualizer app could allow 

customization, enabling clinicians to tailor exercises to functional goals. 
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The muscles primarily involved in wrist flexion and extension are large and 

superficial, making them easily identifiable through surface EMG. Although smaller 

muscles in the forearm play a role in fine motor movements of individual fingers, they 

are generally not detected by the EMG armband or highlighted in the visualizations. This 

study revealed that participants experienced the clearest understanding when visualizing 

this antagonistic muscle pair, as they could see the muscle activity represented as “on” 

and “off” while oscillating between flexion and extension. 

Theme 27: Importance of the Clinician's Role and Coaching  

The findings of this study underscore the pivotal role of clinicians in the 

rehabilitation process, particularly in providing coaching and guidance to patients using 

visual feedback systems for muscle activity. While the technology could offer a degree of 

independence for patients to practice movements at home, it is evident that the clinician's 

presence remains essential for effective learning and muscle control. 

For instance, during a session with P3, the OT present for the session 

demonstrated a coaching technique that highlighted the importance of verbal cues and 

physical guidance. The OT instructed P3 to visualize his flexor muscles as a "loose 

rubber band" while considering the extensor muscles as a "really tight rubber band". This 

imagery served as a tool for P3 to develop greater awareness of the specific muscle 

groups involved in the movement. The OT emphasized the need for relaxation in the 

flexors by prompting P3 to locate and relax the muscles actively. The OT used the 

following coaching strategy to help him isolate his extensor muscles: 
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This exchange not only illustrates the therapist's role in enhancing the patient’s 

understanding of muscle dynamics but also exemplifies the effectiveness of analogies in 

fostering a deeper connection between patients and their rehabilitation activities. The 

ability of the clinician to provide tailored coaching based on the individual patient's needs 

and responses is crucial in promoting muscle relaxation and engagement, which 

ultimately contributes to improved outcomes in rehabilitation. 

Overall, these findings highlight that while visual feedback technology can 

empower patients to engage in their rehabilitation, the clinician's guidance and coaching 

are indispensable in facilitating meaningful progress and reinforcing the correct execution 

of movements. 

Connecting Theme to Existing Literature 

A review by Sigrist et al. (2013) emphasizes that feedback for targeted 

movements in complex tasks should be prescriptive—informing the learner how to 

correct errors—rather than merely descriptive, which only conveys that an error occurred. 

Once a person has developed an internal representation of a movement, descriptive 

You're just thinking this *OT touching flexors* is like a rubber band 

that's really loose and this one's *OT touching extensors* really tight 

now. Okay, so make the rubber band come really tight this direction 

(extension) and really loosen it up on the inside (flexors) so it can go. 

(Study OT) 
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feedback becomes more meaningful (Sigrist et al., 2013). The EMG visual feedback tool 

in this study did not provide explicit prescriptive feedback for correcting movements; 

participants had to rely on the PI, or the clinician present for corrections, particularly at 

the beginning of the session. Overall, the findings highlight that clinician guidance is 

indispensable for facilitating meaningful progress in patient recovery. We discuss 

different types of feedback, including corrective feedback, in Section 6.4.3. 
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Chapter 6. Discussion 

6.1 Introduction 

In this chapter, the research findings and broader context are further discussed. 

This study aimed to understand how visual feedback of EMG activity could influence 

motivation and its’ suitability to promote hand function goals in SCI rehabilitation. 

Visual feedback of muscle activity is a widely recognized form of augmented feedback. 

However, research in this area is limited and has predominantly focused on individuals 

living with the effects of a stroke, employing traditional methods that rely on myoelectric 

signals from single muscles or pairs. This study investigated how different forms of 

visual feedback of muscle activity could influence motivation and support hand function 

rehabilitation in SCI patients. 

A qualitative descriptive design was employed, involving a focus group with 

seven OTs and semi-structured interviews with five participants with tetraplegia who 

tested the visual feedback tool. Thematic analysis was conducted using both inductive 

and deductive approaches, guided by Self-Determination Theory. Analysis revealed 27 

themes categorized into two broad areas: 1) motivation along a continuum, and 2) use 

cases and considerations. 

This chapter begins by briefly summarizing the findings, organized by research 

question, RQ1 (Section 6.2) and RQ2 (Section 6.3). Section 6.4 addresses broader 

discussion points, including the application of Self-Determination Theory to understand 
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motivation in SCI rehabilitation, the role of gamification in rehabilitation, and the 

implications of feedback in motor learning.  

6.2 RQ1 Summary of Findings  

Analysis identified 14 themes within the "Motivation Along a Continuum" 

category, emphasizing the critical role of motivation in rehabilitation. Grounded in SDT, 

this study conceptualized motivation along a continuum ranging from amotivation to 

extrinsic and intrinsic motivation. SDT underscores the fluid nature of motivation, 

highlighting the importance of fostering self-determined behaviours for sustained 

progress (Ryan & Deci, 2000; Yoshida et al., 2021b). This perspective contextualizes the 

shifts in motivation across different stages of recovery, demonstrating how motivation 

impacts active engagement and ultimately influences rehabilitation outcomes (Colombo 

et al., 2007c; Güngör, 2024; Nas et al., 2015b; Yoshida et al., 2021b). Engaged 

involvement is crucial for achieving positive results (Lequerica et al., 2009b) and 

motivating individuals must be a key focus in designing rehabilitation interventions. 

Despite its significance, motivation remains underexplored in research on visual feedback 

tools. Findings suggest that visual feedback can enhance motivation, helping individuals 

move from extrinsic to more self-determined, autonomous behaviours. This emphasizes 

the need to develop rehabilitation tools that provide meaningful, engaging feedback to 

sustain motivation and improve outcomes for individuals with SCIs. 
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6.2.1 Amotivation   

The findings of this work highlight experiences of amotivation, driven by 

physical, emotional, and social challenges faced after sustaining an SCI.  Repeated 

setbacks, including secondary injuries and the physical toll of therapy, significantly 

contributed to feelings of demoralization and diminished motivation. Additionally, social 

and emotional challenges, such as loss of independence and reliance on family for daily 

activities, further impacted participants' ability to engage in rehabilitation efforts. A lack 

of visible progress, particularly in the pre-functional stages, exacerbated feelings of 

frustration and reduced motivation. While addressing these challenges was beyond the 

scope of this research, we present these difficult experiences to illustrate the profound 

hardships that can undermine motivation post-SCI. The tool developed has the potential 

to offer some support by mitigating specific barriers and helping individuals sustain their 

rehabilitation efforts. 

6.2.2 Extrinsic Motivation 

Extrinsic motivation plays a vital role in driving engagement, particularly for 

individuals with SCIs. Factors such as tangible rewards, progress tracking through visual 

feedback, and external pressures—such as reducing the burden on loved ones—strongly 

influenced extrinsic motivation. In this study, visual feedback showed the potential to 

provide clear evidence of progress, fostering self-competition and a growth mindset. 

External motivators, such as aligning rehabilitation with personal and familial goals, 

strengthened participants' commitment to recovery. Additionally, the findings suggest 



 

 

136 

 

that integrating these tools with broader life aspirations could enhance long-term success 

in rehabilitation. 

6.2.3 Intrinsic Motivation  

Intrinsic motivation, driven by curiosity, enjoyment, and personal alignment, is 

crucial for sustaining engagement in rehabilitation. Participants found that real-time 

feedback through the EMG visual tool had the potential to make exercises more 

engaging, fostering deeper involvement and promoting long-term commitment. By 

designing rehabilitation tools that focus on enjoyment, exploration, and personal 

relevance, clinicians can better support sustained engagement and positive rehabilitation 

outcomes. 

6.3 RQ2 Summary of Findings  

The analysis identified 13 themes within the category of Use Cases and 

Considerations. 

6.3.1 Use Cases  

Functional recovery remains a primary goal in SCI rehabilitation, focusing on 

tasks such as reaching, gripping, and coordination (Occupational Therapy Practice 

Framework (3rd Edition), n.d.). These activities require control of voluntary movements, 

including muscle strength, tone, and endurance. In this exploratory study, participants 

performed movements such as wrist extension and flexion, hand opening and closing, and 

wrist supination and pronation without a prescribed movement protocol. If EMG visual 
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feedback were used as a therapeutic intervention, the hope would be that these basic 

movements could improve physical outcomes and positively impact daily living. 

Most of the literature reviewed in Chapter 3 investigated the effects of visual 

EMG feedback as a therapeutic tool to improve functional outcomes and increase 

voluntary muscle activity. Studies with stroke survivors reported positive effects, 

including increased functional scores, enhanced EMG activity in hand extensor and 

thumb abductor muscles, and reduced spasticity in hand flexors. However, findings from 

the few studies involving SCI participants remained inconclusive regarding the benefits 

of EMG visual feedback therapy. 

This study identified several ways that EMG visual feedback could support hand 

function rehabilitation for individuals with SCIs. A primary finding was its ability to 

enhance muscle awareness at a pre-functional level, allowing participants to detect 

subfunctional muscle activity and engage with their muscles even before achieving 

functional movements. This awareness also strengthened the brain-body connection, 

enabling participants to understand how specific muscle activations contribute to 

movement. The feedback system showed promise in creating more focused and 

customized rehabilitation protocols by providing real-time, quantifiable feedback. This 

could allow patients and therapists to fine-tune exercises, prioritize essential movements, 

and track progress effectively. 

Another significant use case was the tool’s ability to assist with muscle isolation, 

addressing a common challenge in traditional rehabilitation. By reducing unintended co-
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contractions and enabling precise targeting of specific muscles, the tool helped 

participants improve their movements. Additionally, the system demonstrated potential 

for enhancing compliance and oversight in at-home rehabilitation. By allowing therapists 

to remotely monitor progress, set thresholds, and ensure patients were meeting goals, the 

tool bridged the gap between clinical and home settings, supporting continuity in care. 

A visual feedback tool could also facilitate communication between patients and 

therapists, enabling clearer discussions about progress and challenges. For spasticity 

management, the feedback provided insights into muscle tension, potentially helping 

participants and therapists recognize over-activation and adjust relaxation strategies 

effectively. Importantly, the tool also showed promise in helping participants move 

beyond reliance on compensatory tenodesis grips by supporting more natural hand 

movements, which could inform surgical decisions and expand rehabilitation goals. 

Overall, these findings underscore the versatility of EMG visual feedback in 

addressing critical challenges in hand-function rehabilitation, enhancing patient 

outcomes, and improving the rehabilitation process for individuals with SCIs. 

6.3.2 Considerations   

The findings highlighted several important considerations for the use of EMG 

visual feedback in SCI rehabilitation. Participants expressed varied preferences regarding 

feedback modalities, indicating that some preferred direct limb observation for feedback, 

while others favoured screen-based visual cues. There was interest in integrating 

additional auditory and haptic feedback to create a more adaptable approach. The study 
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also revealed challenges with sensor placement, where arbitrary orientation and 

positioning of sensors were noted as key factors impacting accuracy. Precision in sensor 

application is crucial to ensure effective feedback that aligns with each patient's unique 

anatomy. 

Additionally, findings emphasized the importance of maintaining focus during 

rehabilitation exercises. While visual feedback can provide real-time insights, some 

participants found that closing their eyes helped them focus better on muscle 

engagement, especially for tasks requiring relaxation. This highlights the need to consider 

individual preferences to avoid distractions and enhance the primary rehabilitation goals. 

Furthermore, the study underscored that functional movements remain a priority in 

occupational therapy, with an emphasis on guiding patients toward normative movement 

patterns and ensuring clarity in therapeutic objectives. 

Lastly, the critical role of clinicians was emphasized throughout the study. 

Clinicians provided essential coaching, using verbal cues and physical guidance to 

facilitate meaningful engagement with visual feedback tools. Their involvement helped 

improve muscle control and progress, highlighting the indispensable nature of their 

support in the rehabilitation process. 

6.4 Additional Discussion Points 

In this section, we delve into three key topics relevant to SCI rehabilitation in 

light of the findings. First, we explore the applicability of the SDT framework and 

discuss how the findings relate to the satisfaction of basic psychological needs. Next, we 
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examine the role of gamification in rehabilitation. Finally, we expand on feedback for 

motor learning, considering its various forms and how they can influence rehabilitation 

outcomes. Together, these topics offer a comprehensive perspective on using EMG visual 

feedback in SCI rehabilitation. 

6.4.1 Framework of Self-Determination Theory of Motivation  

Self-Determination Theory of Motivation (SDT; Deci & Ryan, 1985) suggests 

that people have an innate tendency towards personal growth and action, but that they 

also rely on their social context for nurturing (Deci & Ryan, 2000a). According to SDT, 

creating an environment that fosters intrinsic motivation can be achieved by satisfying 

three basic psychological needs: autonomy, competence, and relatedness (Deci & Ryan, 

2000a). Autonomy is the sense that one has a choice and control over their decisions, 

behaviours, and goals. Competence is the experience of mastery through learning 

different skills and having confidence in those skills to lead to success. Finally, 

relatedness is the connection one feels to others and the sense of security with their 

support system. Fulfilment of these three needs is the foundation of self-determined 

behaviours, including intrinsic motivation.  

As we analyzed the data, it became evident that the breadth of the findings 

extended beyond mere satisfaction of psychological needs, revealing various motivation 

regulatory styles that individuals exhibit. It is important to acknowledge that 

understanding the complexities of a participant's life, their support systems, and their 

psychological needs satisfaction cannot be fully captured during a single session. 
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Although this study did not aim to measure motivation directly but rather to explore how 

visual feedback of EMG activity could influence motivation, we did uncover findings 

suggesting that the study tool could potentially contribute to the satisfaction of these 

needs. 

Psychological Needs Satisfaction 

The SDT framework, which emphasizes fulfilling autonomy, competence, and 

relatedness, has been recommended as a suitable framework for understanding various 

activities, including participation in daily and social activities among adults with SCIs 

(Michalovic et al., 2019b), participation in physical activity among adults with physical 

disabilities, including SCI (Saebu et al., 2013b), goal setting in SCI rehabilitation (Siegert 

& Taylor, 2004b), and motivational processes for health-related behaviours (Auclair-

Pilote et al., 2021; Mayo et al., 2022; Ng et al., 2012b; Ntoumanis et al., 2021b). SDT has 

also informed HCI applications, such as games, where satisfying these needs fosters user 

engagement and enjoyment (Tyack & Mekler, 2020). Despite SDT's broad application, 

little research has investigated how a tool might organically support these needs without 

explicit SDT-based design intentions, pointing to a potential gap in understanding how 

effective support can arise within health interventions. 

Autonomy 

EMG visual feedback could have the potential to promote participant autonomy 

by facilitating informed decision-making and personalized goal setting. With real-time 

visual feedback on muscle activity, both participants and clinicians gain immediate 
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insights, empowering them to make well-informed choices about exercises and 

movements. A report on occupational and physiotherapy practices in musculoskeletal 

therapy by Babatunde et al. (2017b) emphasizes the importance of providing education to 

participants (e.g., information about their injury) to promote adherence and autonomy. 

This approach could enable participants to take ownership of their rehabilitation, 

allowing them to be active contributors rather than passive recipients. For instance, 

participants appreciated the opportunity to develop more focused rehabilitation protocols. 

Some even suggested that the feedback tool could support decisions regarding breaking 

tenodesis grip and surgical options. These opportunities for informed choices could 

enhance participants’ sense of control over their recovery journey, thereby strengthening 

their autonomy. 

The ability to set personal goals and monitor progress could also significantly 

support autonomy. Visual feedback could provide participants with tangible evidence of 

improvement, enabling them to establish and strive for personal milestones, which 

reinforces their sense of ownership. Participants described how visual feedback could be 

used for self-monitoring, allowing real-time adjustments that strengthen their 

independence. Furthermore, by allowing participants to self-assess muscle activity and 

observe the impact of their efforts, feedback could encourage them to feel that their 

actions are meaningful and internally motivated, contributing to a sense of control.  
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Competence 

Informative visual feedback could enable participants and clinicians to better 

deconstruct tasks, achieve goals, and monitor progress. EMG visual feedback could have 

the potential to positively influence intrinsic motivation, particularly by enhancing 

competence in skills training. Competence could be supported by tailoring rehabilitation 

activities to an appropriate level of challenge and providing structure, increasing the 

likelihood that participants will adhere to the program and master specific exercises 

(Kingston et al., 2021b). 

This study revealed strong support for the idea that EMG feedback could 

encourage feelings of competence. As seen in the findings, a key element contributing to 

amotivation is the inability to see tangible progress despite concerted efforts. EMG 

feedback could contribute to an improved understanding of their injury, oversights, and 

capabilities. With immediate feedback, participants could see how effectively they 

engage their muscles during exercises, reinforcing successful movements and enabling 

quick adjustments. This immediate reinforcement, particularly through tangible indicators 

of progress, could provide a sense of achievement, which could reinforce competence and 

encourage continued effort. Visual feedback of EMG activity could also aid skill mastery, 

with participants tracking their progress and observing improvement over time, thereby 

increasing their confidence and reinforcing feelings of competence. For example, the 

results showed that feedback could help participants with muscle isolation and spasticity 

management.  



 

 

144 

 

Relatedness 

The EMG visual feedback system could foster relatedness by enhancing 

therapeutic relationships and supporting open communication. With real-time 

visualizations of muscle activity, both participants and therapists could develop a shared 

understanding of progress and challenges, which could strengthen trust and collaboration. 

By involving patients, clinicians could enhance autonomy and relatedness through a 

strong working relationship (Kingston et al., 2021b). Visual feedback could also promote 

effective communication by allowing participants to express insights based on their 

observations, encouraging more in-depth discussions about their rehabilitation goals and 

experiences. 

Additionally, visual feedback could establish social accountability. If the tool was 

designed to track and share progress, knowing that clinicians, family members, or peers 

could observe their progress could motivate participants to remain engaged in their 

exercises, fostering a sense of connection and shared responsibility. For those performing 

exercises at home, this sense of accountability could be supported by an enhanced feeling 

of oversight, contributing to a sense of relatedness with both caregivers and a broader 

support network. 

Section Conclusion 

In summary, the findings indicate that the Self-Determination Theory is a suitable 

framework for understanding motivation regulatory styles in individuals with SCI. 

Viewing motivation along a continuum provides a comprehensive landscape for 
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exploring its role in rehabilitation, particularly in the context of using the EMG feedback 

tool. Given the multi-dimensional nature of motivation, it is challenging to measure it in 

isolation.  

The results indicate that EMG visual feedback could play a significant role in 

fostering autonomy, competence, and relatedness within the rehabilitation context. By 

addressing these psychological needs, the intervention may enhance motivation and 

empower participants to experience a sense of control, mastery, and connection, 

ultimately leading to a more fulfilling and effective rehabilitation journey. However, the 

findings extended beyond the framework of needs satisfaction; thus, reducing them to 

this singular lens would have oversimplified the richness of the results. 

Additional research is needed to better understand how rehabilitation 

interventions impact motivation. Although this study did not intend to measure 

motivation quantitatively, we acknowledge that controlling for motivation within an 

experimental framework can be particularly challenging. While the Intrinsic Motivation 

Inventory (IMI) was developed to measure motivation in laboratory settings, it prompts 

an important question: how can we differentiate between an individual’s general 

motivation and the psychological needs addressed during a focused hour-long lab 

session? A combination of quantitative self-reports and qualitative inquiry may offer the 

best approach to studying motivation in rehabilitation. Ultimately, designing 

rehabilitation tools that support psychological needs satisfaction is crucial for enhancing 

participant engagement and outcomes. 
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6.4.2 Role of Gamification in Rehabilitation  

Incorporating game elements into rehabilitation has proven to be an effective 

strategy for enhancing both motivation and functional outcomes. As Flatla et al. (2011) 

report, elements like challenges, themes, rewards, and progress markers are traditional 

game design principles, providing structure and motivation for users. Gamification, 

defined by Deterding et al. (2011) is "the use of game design elements in non-game 

contexts." These so-called game design elements extend into serious games, which are 

designed with objectives beyond mere entertainment (Deterding et al., 2011). Both 

gamification and serious games share the central characteristic of constantly providing 

learners with feedback, a key factor in maintaining engagement (Sailer & Homner, 2020). 

Motivation Through Gamification 

Studies such as Kappen et al. (2018) emphasize the role of game-like features and 

interactive feedback in enhancing motivation. Their eight-week study with healthy 

participants over the age of 50 showed that those involved in gamified physical activities 

reported higher motivation, interest, and perceived competence compared to those in non-

gamified groups (Kappen et al., 2018). This study highlighted the positive impact of 

gamification on rehabilitation engagement both qualitatively and quantitatively using 

motivation questionnaires. Gamification also plays a crucial role in enhancing intrinsic 

motivation by helping participants overcome common barriers to exercise. Tiu et al. 

(2022) found that incorporating gamified elements made rehabilitation more enjoyable, 

with many participants frequently recommending these elements as effective solutions to 
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exercise challenges. Many participants specifically suggested making exercise more fun 

as a way to boost engagement and motivation during rehabilitation (Tiu et al., 2022). 

Similarly, a meta-analysis by Sailer and Homner (2020) revealed small but significant 

positive effects of gamification on cognitive, motivational, and behavioural outcomes. 

From the perspective of SDT, game elements have the potential to fulfill basic 

psychological needs by offering choices, fostering voluntary participation, mastering 

challenges, creating a sense of relevance, and encouraging shared goals (Sailer & 

Homner, 2020). Gamification could satisfy core psychological needs, making it a 

powerful tool for sustaining long-term engagement. Finally, in a validity study by Zuki et 

al. (2024) intended for post-stroke rehabilitation, 25 healthy participants explored two 

environments, enriched virtual reality and non-enriched virtual reality. Results 

demonstrated that participants in enriched virtual environments experienced higher 

intrinsic motivation and enjoyment compared to those in non-enriched settings (Zuki et 

al., 2024).  

Functional Improvement 

Beyond motivation, gamified rehabilitation can also lead to functional 

improvements. EMG-based games, for instance, allow users to control on-screen actions 

through muscle activity, making rehabilitation more engaging and tailored to individual 

capabilities. Hung et al. (2021b) demonstrated that stroke survivors using EMG-based 

games reported high levels of enjoyment and motivation, as measured by the IMI. 

Similarly, Rayegani et al. (2014) explored the impact of visual and audio feedback in a 
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puzzle game format to improve muscle strength and hand function in participants living 

with the effects of a stroke. Participants held a muscle contraction above a predefined 

threshold for more than five seconds to progressively uncover a puzzle image. This 

approach significantly improved hand function, as measured by the Jebsen Hand 

Function Test (JHFT), and led to increased myoelectric activity of the thumb abductor 

(abductor pollicis brevis; Rayegani et al., 2014). The use of feedback in such games was 

effective in enhancing both motivation and motor control in stroke survivors. 

Section Conclusion 

Research suggests that gamified rehabilitation offers significant benefits by 

enhancing both motivation and functional outcomes. By incorporating dynamic 

challenges, real-time feedback, and immersive, personalized experiences, gamified tools 

keep participants engaged throughout their rehabilitation journey. Whether through 

games or puzzle-like tasks, these systems effectively challenge patients with specific 

thresholds, track progress, and provide immediate feedback. Furthermore, the inherent 

interest in games can help individuals move along the continuum toward more self-

determined behaviours, such as intrinsic motivation. This dual impact of increased 

motivation and improved physical function makes gamified rehabilitation a promising 

area for individuals recovering from stroke or facing motor impairments. These findings 

could also be highly applicable to SCI patients, who often face prolonged recovery 

periods and physical challenges that make maintaining motivation difficult. However, 

there is currently a lack of research on the effectiveness of gamified rehabilitation 
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specifically for SCI patients. More research is needed to explore how game elements can 

be adapted to the unique rehabilitation needs of this population and to determine the long-

term impact on functional recovery and patient engagement. 

6.4.3 Augmented Feedback for Motor Learning    

Feedback, particularly in therapeutic and rehabilitative contexts, is a well-

established and heavily studied method to drive motivation and behavioural change 

(Schmidt et al., 2019b; Schuber & Schaller, 2024). Hattie and Timperleys’ (2007) 

influential work on feedback explores its significant role in promoting learning across 

disciplines, including rehabilitation. They define feedback as “information provided by 

an agent (e.g., teacher, peer, book, parent, self, experience) regarding aspects of one’s 

performance or understanding,” emphasizing its purpose as “reducing the gap between 

current abilities and desired goals” (Hattie & Timperley, 2007).  

Motor learning is a complex process that relies on both feedforward and feedback 

information. During a motor task, the brain is continuously updating its control planning 

using sensory feedback (i.e., tactile, visual, etc.; Shehata, Engels, et al., 2018). However, 

for individuals with SCIs, their natural ability to receive feedback during movement 

(such as proprioceptive feedback) is often impaired. In these cases, augmented feedback 

can provide supplemental information that is not normally available through augmented 

visual, auditory, or haptic cues to help restore part of the feedback mechanism. By 

offering augmented feedback, individuals can perceive the intent of movement in their 
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subfunctional limbs in real-time, helping them re-establish the cause-and-effect 

relationship between intention and muscle activation.  

Effective feedback can support the development of internal models—mental 

representations that guide motor tasks—enabling users to adapt better (Shehata, Engels, 

et al., 2018). Augmented feedback also acts as “sensory substitution” (Lynch et al., 

2022), enhancing neuroplasticity by reinforcing the “use it or lose it” principle to prevent 

decline. Additionally, feedback experiences help anchor cognitive processes, 

emphasizing how crucial feedback is in shaping motor learning and adaptive responses. 

Therefore, it is important to consider the aspects of effective feedback because it can 

significantly impact motor learning (Sailer & Homner, 2020). The efficacy of feedback 

depends on numerous factors, including the type, the modality, the frequency and timing, 

and the induced focus of attention.  

Types of Feedback 

Schuber and Schaller (2024) describe three primary types of feedback essential in 

rehabilitation settings: corrective feedback (CF), motivational feedback (MF), and 

performance feedback (PF). Corrective feedback provides specific information on errors 

in exercise execution along with strategies for improvement. In this study, the EMG 

feedback tool supplied basic feedback without obvious corrective elements. As we saw in 

the results, a clinician's role remains crucial for effective coaching and movement 

correction, echoing Sigrist et al. (2013), who emphasize that feedback in complex tasks 

should ideally help learners correct specific errors. Motivational feedback, meanwhile, 
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involves positive reinforcement, such as praise or encouragement for correct exercise 

performance or engagement in discussions, fostering a strong therapeutic alliance 

between patient and therapist. Both therapists and patients recognize MF as vital for 

enhancing relatedness in therapeutic interactions (Schuber & Schaller, 2024). Finally, 

performance feedback focuses on recognizing measurable progress, often through visual 

or verbal performance metrics. 

Lynch et al. (2022) highlight the distinct roles of positive and negative feedback 

in motor learning. Positive feedback, given when a target is achieved, enhances 

motivation, while negative feedback, provided when the target is missed, is essential for 

driving learning. Their sub-analysis supports a correlation between negative feedback and 

improved motor learning, underscoring the complementary roles of both types of 

feedback in training outcomes for orthopedic gait rehabilitation (Lynch et al., 2022).  

Augmented Feedback Modalities 

Augmented feedback can be delivered through various modalities including visual 

(e.g., screens, head-mounted displays), auditory (e.g., speakers, headphones), 

haptic/tactile (e.g., vibration, touch), or combined modalities (Sigrist et al., 2013).  

Visual 

Visual feedback is one of the most commonly studied modalities for augmented 

feedback and has been shown to be useful in enhancing learning during motor tasks 

(Sigrist et al., 2013). A common approach is EMG biofeedback, which provides real-time 

information about muscle activity, fostering muscle awareness and reinforcing motor 
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learning. Ultrasound is another method for visualizing muscle activity in real time, 

though it typically requires a clinician to interpret the images. 

A non-augmented form of visual feedback focuses more on functional movement, 

where the learner observes their limb in action. In the case of an SCI where sensory and 

motor impairments may prohibit someone from receiving natural feedback from the 

movement of their limb (i.e., proprioception), they may need to rely more heavily on their 

vision to guide movements (Schmidt et al., 2019b). In this study, some participants with 

more functional movement found that observing their limbs directly was more effective 

than using screen-based EMG feedback. Additionally, some clinicians mentioned that 

some patients have very poor body awareness and rely on looking at their limbs while 

they try a motor task. The findings seem to suggest that individuals with severely 

impaired proprioception or some functional movement may benefit more from directly 

observing their limb. In contrast, those with better proprioception and more severe motor 

impairment may benefit more from augmented visual feedback of muscle activity. 

Auditory 

Auditory feedback is another effective modality, particularly for patients who 

may need to focus visually on their limbs but still require real-time information to guide 

their movements. For example, auditory cues like beeps or tones can help patients track 

muscle activity without having to rely entirely on visual cues. This can be especially 

helpful for patients with memory impairments or those who struggle to keep track of their 

movements in real-time (Shehata, Scheme, et al., 2018). Studies have shown that 
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augmented auditory feedback helps patients build a stronger internal model for 

controlling myoelectric prostheses, improving performance in both virtual and real-world 

tasks (Shehata, Engels, et al., 2018). Although some patients in this study found 

continuous auditory feedback distracting, many were still able to integrate it 

unconsciously into their motor control processes, demonstrating its potential utility 

(Shehata, Engels, et al., 2018). 

Tactile 

Tactile feedback, whether delivered through physical touch or mechanical 

stimulation (vibration or pressure), plays a critical role in SCI rehabilitation by helping 

patients locate and activate specific muscles. Some participants in this study reported 

stronger muscle activation when a therapist provided tactile input to the targeted muscles. 

One participant described how tactile stimulation acted as a “reminder” to the brain, 

helping to activate muscles that were otherwise difficult to engage. Another participant 

explained how tactile feedback during rehabilitation exercises improved his focus and 

control by giving him a specific point of reference. This tactile "pathfinding" effect 

allowed some participants to better direct their attention to the muscles they needed to 

activate. A narrative review by Demain et al. (2013) explored the use of haptic 

technologies in the rehabilitation of the upper limb and hand after central nervous system 

disorders like stroke, multiple sclerosis, and spinal cord injury. One included study 

indicated the potential of tactile stimulation in the restoration of sensation and motor 

control in spinal cord injury (Cao M-L & Zhang J-Z (2004) as cited in Demain et al., 
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2013). These examples underscore the potential of tactile feedback as a powerful tool in 

combination with visual and auditory feedback to enhance muscle awareness and control 

during rehabilitation. 

Feedback Timing and Frequency 

Effective feedback timing and frequency are essential in motor learning and 

rehabilitation. Schuber and Schaller (2024) suggest that corrective feedback should be 

given during exercise execution to allow immediate adjustments and provide valuable, 

timely guidance. As one participant in their study noted, "If the therapist sees that it is 

wrong, she should tell me directly what I have to correct and how to correct it" (Schuber 

& Schaller, 2024). For complex motor tasks, Sigrist et al. (2013)  recommend starting 

with concurrent (real-time) feedback to establish foundational movement understanding, 

then gradually reducing its frequency or transitioning to terminal (post-task) feedback to 

aid in skill automation. van Vliet and Wulf (2006) add that intermittent feedback—

providing input on less than 100% of trials—can enhance learning more effectively than 

consistent feedback. Additionally, they also express that summary or average feedback 

may improve retention and learning outcomes (van Vliet & Wulf, 2006). As learning 

progresses, less frequent feedback or even self-controlled feedback, where learners 

choose when and what feedback to receive, can promote autonomy and support the 

development of a long-lasting internal movement representation (Sigrist et al., 2013).  
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Focus of Attention in Motor Rehabilitation 

Finally, we will examine the critical distinction between external and internal 

focus of attention, as it is essential for optimizing motor performance and learning and 

has significant implications for rehabilitation. 

External Focus of Attention 

External Focus of Attention (EFA) refers to directing an individual's attention 

toward the effects of their movements on the environment (Sturmberg et al., 2013). For 

example, this could involve focusing on the target while axe-throwing or the tool being 

used. Research by van Vliet and Wulf (2006) discusses that instructions or feedback that 

induce an external focus may enhance task performance after a stroke, making EFA an 

important consideration in rehabilitation strategies. One explanation for this is the 

"constrained action hypothesis," proposed by McNevin et al. (2003) as cited in 

Sturmberg et al. (2013), which suggests that trying too hard to focus on and control 

movements can disrupt the automatic processes that usually guide them. Results also 

showed that clinicians often emphasize functional movements with targets to acquire, like 

reaching for a mug, to encourage this external focus.  

Internal Focus of Attention 

On the other hand, an Internal Focus of Attention (IFA) occurs when individuals 

concentrate on their body movements, becoming aware of their positions, movements, 

and associated sensations (Sturmberg et al., 2013). For example, this might involve 

focusing on muscle contractions during therapeutic exercises. In this study, we discussed 



 

 

156 

 

two types of feedback that promote an internal focus: augmented visual feedback of 

muscle activity and observing one’s limb for feedback. When people look at visual 

feedback, like through a screen displaying EMG activity, they start to focus on what’s 

happening inside their bodies. This helps them understand how their muscles contract and 

how these contractions relate to movement. Similarly, when someone attempts to move a 

paralyzed limb, they often concentrate on the limb’s position and their effort to initiate 

movement, rather than considering how that movement affects the environment. While 

these internal focus strategies can be beneficial in certain situations, such as increasing 

awareness of muscle activation, relying too heavily on this focus can hinder motor 

performance and learning (Sturmberg et al., 2013). 

Section Conclusion 

Feedback is vital for motor learning, and augmented feedback is especially 

essential in the case of an SCI, where normal inherent feedback is impaired. Feedback 

can serve corrective, motivational, or performance-based purposes, and may be positive 

or negative depending on whether the target is acquired. Timing and frequency of 

feedback are important considerations, with real-time feedback suggested for the initial 

motor learning phase to aid in awareness, and intermittent or summary feedback better 

suited to support long-term retention. This study explored visual feedback of muscle 

activity, a commonly studied modality of augmented feedback, while also discussing 

other modalities such as auditory and tactile feedback. Visual feedback has faced 

criticism for creating an internal focus of attention, which can be less ideal for some 
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motor learning applications (Sturmberg et al., 2013), but may be necessary in the early 

learning phases, where someone is just gaining awareness of their muscles and 

movements. Future research is needed to better understand these factors and refine 

feedback strategies in SCI rehabilitation, with personalized, adaptable approaches 

showing strong potential for improving outcomes. 
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Chapter 7. Conclusion, Future Work, and Limitations 

The final chapter of this thesis summarizes the study's key conclusions, proposes 

directions for future research, and acknowledges the limitations of the study.  

7.1 Main Conclusions   

In conclusion, the findings of this thesis highlight the potential for EMG visual 

feedback to support motivation and rehabilitation of hand function in SCI rehabilitation. 

The literature review indicated that, while EMG-based visual feedback therapy shows 

promise for improving motivation and functional outcomes in stroke survivors, it lacks 

conclusive evidence of efficacy for individuals with SCIs. Moreover, although several 

studies cite patient motivation as a driving factor, they fail to explicitly assess how 

interventions impact motivational levels, revealing a significant gap in the existing 

research. Given that visual feedback of EMG activity remains underexplored in 

neurologically impaired populations, a qualitative descriptive design was appropriate.  

Addressing the first research question, this study found that motivation manifests 

through different extrinsic regulatory styles and suggests that EMG feedback could 

influence behaviours linked to controlled regulation (external and introjected regulation). 

However, no explicit evidence from participants indicated that the EMG feedback tool 

enhanced their perception of rehabilitation's importance (identified regulation) or 

reinforced their sense of self (integrated regulation). Nonetheless, the evidence supports 

the notion that EMG feedback could positively influence extrinsic motivation. 

Furthermore, findings revealed that EMG visual feedback could function as an intrinsic 
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motivator by fostering enjoyment and aligning with personal interests. Finally, the results 

aligned well with the SDT framework, and the evidence suggests that visual feedback 

could support the fulfillment of psychological needs, positively influencing motivation 

throughout the rehabilitation process. 

In response to the second research question, the analysis revealed multiple use 

cases and considerations for visual feedback of muscle activity in SCI rehabilitation. 

Such tools could enhance muscle awareness at a pre-functional level, foster an 

understanding of the brain-body connection, aid in muscle isolation, and improve 

compliance through remote monitoring by therapists. Additionally, visual feedback could 

strengthen patient-therapist communication and assist in spasticity management. Key 

considerations for effective implementation include tailoring feedback modalities to 

individual patient needs, ensuring proper sensor placement, prioritizing functional 

movements in therapy, and recognizing the vital role of clinician coaching in facilitating 

patient understanding and recovery progress. A key finding was that individuals with 

severely impaired proprioception or limited functional movement may benefit more from 

directly observing their limb, while those with better proprioception but more severe 

motor impairment could gain more from augmented visual feedback of muscle activity. 

Moreover, in this study, we highlighted two types of feedback that promote an internal 

focus: augmented visual feedback of muscle activity and direct observation of one’s limb. 

Although visual feedback has faced criticism for promoting an internal focus, which can 

be less ideal for some motor learning applications, it may be necessary during the early 

learning phases, as individuals gain awareness of their muscles and movements.  



 

 

160 

 

7.2 Future Directions 

The development of visual feedback systems for SCI rehabilitation presents a 

valuable opportunity to enhance motivation and improve functional outcomes. Future 

research should focus on several key areas. First, it is essential to identify and tackle 

barriers to access, such as cost and clinician education, while exploring factors that could 

facilitate the adoption of EMG visual feedback tools in clinical settings. Additionally, 

research should examine important aspects of feedback, including its type, modalities, 

timing, and frequency. Evaluating the effectiveness of different feedback types 

throughout various stages of the learning process will yield valuable insights to enhance 

rehabilitation practices and support patient recovery. 

Furthermore, it is essential to investigate the significance of strengthening and 

isolating antagonist muscle pairs, such as the wrist flexors and extensors, within the 

framework of SCI motor rehabilitation. These muscles are traditionally viewed as 

effective inputs for controlling myoelectric devices or games. This study revealed that 

participants experienced the greatest success when visualizing flexion and extension in 

terms of "on" and "off." This emphasis on flexion and extension may have stemmed from 

various factors, including the influence of myoelectric prosthesis research in the design of 

the interface, sensor configuration, or the specific prompts given to participants during 

the sessions. Understanding these aspects could help clarify whether focusing on these 

muscle groups is relevant and beneficial for overall SCI rehabilitation outcomes.  
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Further research is needed to understand how visual feedback can be effectively 

interpreted for a broader range of hand movements, possibly including functional 

movements related to ADLs. Future studies may need to refine movement protocols to 

enable participants to engage more fully with various hand movements, thereby 

enhancing the utility of visual feedback in their rehabilitation. In this study, participants 

often lacked clear guidance on their objectives during the sessions, highlighting the 

potential benefit of incorporating a comparative element. The system could integrate a 

repository of EMG data from able-bodied individuals, providing example signals and 

threshold guidelines to clarify goals and improve understanding. If this approach were 

adopted, additional investigation should explore how EMG data from individuals with 

cervical SCI differ from normative muscle activity.  

Lastly, many design elements derived from this thesis should be prioritized in 

future work. This includes considering motivating aspects, addressing priorities in SCI 

hand function rehabilitation, and developing systems that can effectively track and log 

progress. By focusing on these areas, future research can significantly contribute to the 

advancement of rehabilitation practices and improve the recovery journey for individuals 

with SCIs. 

7.3 Significance  

The significance of this research lies in its interdisciplinary approach to 

addressing the challenge of motivation in rehabilitation following an SCI. Motivation 

plays a pivotal role in recovery, yet it is shaped by a complex interplay of physical, 
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social, emotional, and systemic barriers. While visual feedback of EMG activity has 

shown promise in various contexts, a comprehensive understanding of these influences is 

essential. 

 In Canada, many individuals with SCI face inadequate access to continued, 

long-term healthcare services, particularly in rural areas where outpatient rehabilitation 

programs are limited. This lack of sustained outpatient care poses significant challenges 

to recovery. Moreover, Canada’s aging population amplifies the urgency for innovative 

solutions, as older adults now account for a significant proportion of traumatic and non-

traumatic SCI cases, with falls remaining the leading cause of injury. 

 This research has the potential to address some of these challenges by informing 

the development of a remote, cost-effective feedback tool designed to enhance patient 

motivation and engagement. By enabling individuals to perform rehabilitation exercises 

at home while receiving tailored, real-time feedback, this tool could mitigate motivational 

barriers and improve access to sustainable rehabilitation services, particularly for 

underserved populations. 

7.4 Limitations  

This study has limitations that should be considered when interpreting the 

findings. First, the small sample size limits the generalizability of the results, particularly 

since only middle-aged male participants were included, raising questions about potential 

gender and age differences in responses to the tool. Additionally, the participants were a 

highly engaged group, many of whom had prior research experience, which may have 
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influenced their responses and overall enthusiasm for the new visual feedback system. 

This positivity is noteworthy; in fact, the study participants displayed great resilience 

despite the challenges associated with their injury, as recounted in the interviews. The 

strong support systems reported by participants were not explicitly highlighted in the 

findings, yet likely played a critical role in fulfilling the participants’ psychological needs 

and our findings are therefore difficult to decouple from the participants’ general 

motivational state. Furthermore, the lack of a specific protocol during the EMG sessions 

led to an exploratory approach that may have affected the consistency of the findings. 

Participants also self-selected which arm to use during the study, often opting for the 

more functional one, potentially introducing bias. Moreover, the selection of OTS 

exclusively from a highly specialized rehabilitation centre may limit the applicability of 

the findings to other settings. The specific training and available equipment at this 

rehabilitation centre likely differs from those at other rehabilitation centers, which could 

influence the outcomes and generalizability of the study. The trustworthiness of this 

research could have been enhanced through member checking, a process where 

participants review and validate the transcripts and findings, and collaboration with 

additional researchers during the analysis process. Lastly, despite efforts to frame the tool 

objectively, there may have been biases in how the tool was presented and in the line of 

questioning. These factors underscore the importance of considering both contextual 

elements and participant characteristics when evaluating the results of this study. 
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Appendix A Clinician Consent Form 

 

CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY 

University of New Brunswick 

Institute of Biomedical Engineering 

Fredericton, N.B. 

TITLE OF STUDY/PROTOCOL: Qualitative Exploration of EMG Activity Visual 

Feedback for Spinal Cord Injury Hand Function Rehabilitation 

PRINCIPAL INVESTIGATOR:  

Janelle Aikens – BSc, MIDST Candidate 

Institute of Biomedical Engineering 

jaikens@unb.ca (506) 458-7703 

SUPERVISORS:  

Dr. Erik Scheme – Associate Professor  

Institute of Biomedical Engineering 

escheme@unb.ca (506) 458–7029 
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Dr. Kevin Englehart – Associate Dean of Graduate Studies 

Institute of Biomedical Engineering 

kengleha@unb.ca (506) 458-7020 

PROTOCOL IDENTIFICATION NUMBER:  v4_22/09/2023 

FILE NUMBER: 101849 

This project has been reviewed by the Research Ethics Board of the Horizon Health 

Network (RS 2023-3284) and of the University of New Brunswick (REB 2023-139). 

INTRODUCTION 

We invite you to volunteer to participate in the research study named above.  Before you 

can decide whether or not to volunteer, you must understand the purpose, how it may affect 

you, any risks to you, and what is expected of you.  This process is called informed consent. 

• Your participation is entirely voluntary; 

• The quality of your care will not be affected by whether or not you participate; 

• You may withdraw from the study at any time without affecting your present or future 

health care; 

• If the study is changed in any way which could affect your willingness to stay in the 

study, you will be told about the changes and may be asked to sign a new informed 

consent; 

• Your participation in this study may be stopped if your doctor decides it is in the best 

interest of your health and welfare, or at the discretion of the sponsor. 

 

mailto:kengleha@unb.ca
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PURPOSE OF STUDY 

We ask for your permission to enroll you as a participant in a research study that aims to 

explore the possibility of using surface electromyography to provide visual feedback of 

muscle activity for persons with spinal cord injuries (SCI). We hope this study will provide 

new information on how visual feedback of muscle activity affects motivation and if its’ a 

suitable tool for rehabilitation of hand function. We are asking you to participate because 

you are an Occupational Therapist involved in hand function rehabilitation for SCIs. We 

anticipate that a total of up to 10 clinicians will participate in the focus group, all of whom 

are currently working in neuro-rehabilitation at the Stan Cassidy Centre for Rehabilitation 

(SCCR). This study will provide insights for future intervention development to further 

explore the potential of visual feedback of muscle activity for rehabilitation of hand and 

wrist function for persons with SCI.  

PROCEDURE 

As a participant, you will be asked to participate in a focus group at Stan Cassidy Centre 

for Rehabilitation in Fredericton. The investigator will review and complete the consent 

form with the participants. The investigator will distribute physical copies of the 

demographic form for the clinicians to fill before beginning. The investigator will then 

present a short slide deck including a recording of the pilot EMG session. The focus 

group session will consist of a semi-structured interview focused on topics related to the 

suitability of different forms of visual feedback of EMG activity to promote achievement 

of hand function rehabilitation goals in an SCI population. Namely, the interview will 

discuss motor re-learning after SCI, interpretability of the visual feedback, and use cases. 
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An important outcome of the focus group will be to solicit clinical input to formalizes the 

protocol for the upcoming EMG sessions.  

Given the nature of this study, consent will require you to acknowledge that the sessions 

will be audio recorded (see Mandatory Study Elements below). The focus group will last 

approximately 1 hour.   

POTENTIAL RISKS/DISCOMFORTS 

There are no direct risks to participating in this study. If you feel discomfort or at risk you 

can rest at anytime. Your participation is strictly voluntary, and you may decline to 

participate at any time before or during your visit without penalty or judgment. 

RISKS FOR WOMEN OF CHILDBEARING POTENTIAL OR REPRODUCTIVE 

RISKS 

There are no known risks to women of childbearing potential, or reproductive risks, when 

participating in a focus group.  

POTENTIAL BENEFITS 

You will not directly benefit from participating in this study. However, this study will 

provide useful information about the application of visual feedback of EMG activity in 

rehabilitation with an SCI population; and whether it is suitable for hand function 

rehabilitation and influences user motivation.   

ALTERNATIVES TO PARTICIPATION 

This research does not study drug or device treatments. Your alternative is not to participate 

in this study if you do not wish to do so. 
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QUESTIONS 

If you have questions after you read this form, ask the Primary Investigator, Janelle Aikens 

at (506) 458-7703 or the student’s supervisor, Dr. Erik Scheme at (506) 458-7029. The 

project’s Co-Investigator, Dr. Colleen O’Connell can be reached at (506) 447-4294 to 

explain. You should not sign this form until you are sure that you understand the study. 

If you have general questions or concerns about your rights as a research participant, you 

may contact someone not involved in the study, by calling the Horizon Health Network 

Research Ethics Board Chairperson at (506) 648-6094.  

PRIVACY AND CONFIDENTIALITY 

Protecting your privacy is an important part of this study.  

When you sign this consent form you give us permission to: 

• Collect information from you. 

• Share information with the people conducting the study 

• Share information with the people responsible for protecting your safety 

If you have questions or concerns about your privacy rights as a research participant, you 

may contact someone not involved in the study. You may contact the Privacy Officer for 

the Horizon Health Network at the toll free number 1-877-422-8717. 

Access to records 

This portion of the study does not require access to medical records.  

Use of records 
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The research team will collect and use only the information they need to conduct the study 

and judge the safety and usefulness of the study. 

This information will include your: 

1. Age:                          

2. Sex:   

3. Gender (optional):   

4. Education Background:   

5. Length of time employed at SCCR:  

6. Department at SCCR:  

7. Work mostly with in or outpatient clients:   

8. Level of experience with visual feedback of EMG activity (scale of 1 to   

All personal information (names, addresses, email or phone numbers, etc.) gathered for 

this study that can identify participants will be kept secure to protect their privacy and 

will never be shared at any time with any person or entity. Data collected during the 

study and shared with others will reference participants only by an alphanumeric code. 

The “master list” linking personal information to the alphanumeric code will not be 

shared, and will be kept by the study PI in a secure location. All personal information 

linking participants to their data will be destroyed after seven years following the 

completion of the study.  De-identified information gathered from participants will be 

used and shared with others for research and teaching purposes only. These “others” 

could include researchers at UNB (faculty and graduate students), collaborators at other 

universities or research institutions, and the UNB Research Ethics Board.   
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Data published in aggregate form (descriptive and inferential statistics) or stored in a data 

repository (a de-identified database) may be used in future research without your consent. 

You have the right to request any data gathered from you during this study to be 

permanently deleted following the study, and to not be entered into a repository. You 

acknowledge that once data have been released in aggregate form (such as a thesis, 

published paper or report), or stored in a de-identified database, it is no longer possible to 

remove records belonging to specific individuals. 

Please note, the results of the study may be published in medical literature, but you will 

not be identified.  

Your name and contact information will be kept secure by the research team at the site 

where the study is being performed. It will not be shared with others without your 

permission. Your name will not appear in any report or article published as a result of this 

study. 

Information collected for this study will be kept as long as required by law.  This could be  

years or more. 

If you decide to withdraw from the study, the information collected up to that point in time 

will continue to be used by the research team unless you choose to have all your data 

deleted.  

By signing this consent form, I agree that my information, including my personal 

information, may be used as described above. 

Your access to records 
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This portion of the study does not require access to medical records. You may ask the study 

researcher to see the information that has been collected about you.  

Publication of results 

The results of this study may be published in a journal, shared at a conference, or used for 

teaching purposes. Your identifiable information will not be used in any publication or 

other disseminated materials without your specific permission.  

You may request a copy of any material made publicly available from the study you 

participated in. This material may take the form of published journal papers, conference 

abstracts or internet media. To request this information please contact the researcher 

listed under Study Contacts on this consent form. 

RESEARCH RELATED INJURY  

Neither the Horizon Health Network nor the Principal Investigator can guarantee or assure 

that the stated risk, or other unknown consequences will not occur.  In the event that injury, 

illness or disability results and you believe it is directly related to your participation in this 

study, the Horizon Health Network requests that you contact the Horizon Health Network 

Patient Representative, at (506) 648-6714.  

If you become ill or injured as a direct result of participating in this study, the Principal 

Investigator will ensure that you receive medical care at no cost to you.  By signing this 

consent form you are in no way waiving your legal rights or releasing the Principal 

Investigator and Sponsor from their legal or professional responsibilities. 
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COMPENSATION 

The study will be free of charge and there will be no charge to you for participation in this 

study.  Reasonable out of pocket expenses, if any, associated with your participation in this 

research study may be reimbursed.  For more details on this matter, please speak with the 

principal investigator or the doctor involved in the study. 

PARTICIPANT’S RESPONSIBILITIES  

In order for this project to be valid and complete, it is important that you comply with the 

requirements of the study (i.e., visit schedule, questionnaires, etc.).  These requirements 

should be carefully considered prior to signing your consent.  

ADDITIONAL INFORMATION 

You are encouraged to ask questions at any time during the study.  In the event that you 

are experiencing any side effects or have further questions about the study, please call Dr.  

Erik Scheme at (506) 458-7029 or the Clinical Research Manager, Shane McCullum at 

(506) 447-4361. 

In the case of an emergency, in which you cannot contact Dr. Erik Scheme or the Clinical 

Research Manager, Shane McCullum, please proceed to the emergency department of the 

nearest hospital and state the name of the study in which you are participating and the name 

of the study doctor.   

Mandatory Study Elements: 

Audio and Videotaping: 
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Your agreement to allow audio and video recording for research purposes is mandatory for 

this study. If you choose not to give permission, you cannot participate in this study. There 

will be no judgement or penalties if you decide not to participate. 

If you chose to give permission, then please initial below: 

_____ (initial) I give permission for photos and videos to be taken of me for research 

purposes.  

CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY 

TITLE OF PROTOCOL: Qualitative Exploration of EMG Activity Visual Feedback 

for Spinal Cord Injury Hand Function Rehabilitation 

PRINCIPAL INVESTIGATOR:  Janelle Aikens, BSc, MIDST Candidate 

PARTICIPANT’S QUESTIONS: 

Has this study been explained to you?  Yes  No 

Have you had an opportunity to ask questions and discuss this 

study? 

 Yes  No 

Are you comfortable with the information that has been 

provided? 

 Yes  No 

Do you understand that you are free to withdraw from this 

study? 

 Yes  No 
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Do you understand that you will receive a signed copy of this 

consent? 

 Yes  No 

 

PARTICIPANT’S STATEMENT 

I have read the above information and understand the purpose of the research as well as 

the potential benefits and risks of participation in the study.  I have had the opportunity to 

ask questions, and all my questions have been answered.  I hereby give my informed 

consent to be a participant in this study. 

_____________________________ _____________________________ ____________ 

Printed Name of Participant  Signature of Participant  Date 

(In some circumstances the printed name, date, signature, and relationship of the 

substitute decision maker may be necessary). 

____________________________ _____________________________ ____________ 

Printed Name of Person Conducting Signature of Person Conducting Date 

Informed Consent Discussion  Informed Consent Discussion 

INVESTIGATOR’S/DELEGATE’S STATEMENT 

I have explained to the above participant the nature, requirements and the purpose of 

the study, potential benefits, and possible risks associated with participation in this 

study.  I have answered any questions that have been raised.  I believe that the 
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participant understands the implications and the voluntary nature of the study. 

_________________________ _____________________________ __________ 

Investigator/Delegate (Print)    Signature    Date 
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Appendix B Clinician Demographic Form 

Clinician Demographic Information 

Study: Qualitative Exploration of EMG Activity Visual Feedback for Spinal Cord Injury 

Hand Function Rehabilitation  

 

Date: 

Subject #: 

1. Age:                         

2. Sex:  

3. Gender (optional):  

4. Education Level:  

5. Length of time employed at SCCR: 

6. Department at SCCR: 

7. Work mostly with in or outpatient clients:  

8. Level of experience with visual feedback of EMG activity:   

• 1  2  3  4  5 

(no experience)                           (highly experienced 
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Appendix C Focus Group Interview Guide 

General Questions 

1. Do you think visual feedback of EMG activity is an appropriate tool for people 

with SCIs?  

a.  How would you use visual feedback during therapy? 

b.  Could this be more suitable for certain patients over others? How so? 

2. How would you explain visual feedback of EMG activity to a patient? 

3. What has been your experience with visual feedback of EMG activity so far? 

4. If cost and availability were not barriers, what are your thoughts on sending 

patients home with a visual feedback system? 

Motor Learning After SCI 

1. How do you incorporate principles of motor learning in your rehabilitation 

practice?   

a. Do you think visual feedback of EMG activity is relevant to motor 

learning? Please elaborate.  

2. Here are some examples on how visual feedback of EMG activity could be used 

to assist muscle re-education:  

• Calibration of force/muscle activation  

• Learning cause and effect  

• Muscle isolation  

• Maintaining contractions  

• Maintaining range of motion  
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• Assessment of progress   

• Consistency in repetitive exercises  

• Mental practice (imagining motor action) 

a. Do you agree or disagree with any of these examples? Why? 

b. Can you think of other scenarios where you could use EMG feedback in 

your practice? 

3. Is there anything about EMG feedback that could potentially be detrimental to a 

patient’s rehabilitation? 

a. If so, are there specific precautions or coaching instructions you would 

give to avoid this? Are there activities you would avoid altogether?  

b. Do you have any concerns that using visual feedback of EMG activity 

might introduce spasticity beyond traditional exercises? 

Patient Motivation 

1. What has been your experience with patient motivation? 

2. What are the main sources of frustration for patients during hand function 

rehabilitation? 

3. What are your thoughts on visual feedback of EMG activity for patient 

motivation? 

Cognitive Deman and Interpretability  

1. Were the visualizations intuitive and easy to understand? Which, if any aspects, 

were confusing? Would you anticipate any challenges in explaining these 

different graphs to patients?  
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2. What are your thoughts on visualizing the activity of multiple muscles 

simultaneously? Can you think of therapeutic activities where multi-muscle 

sensing would be useful?  

3. Can you think of other settings you would like the ability to manipulate on the 

EMG Visualizer App? 

Patient Session Protocol 

1.  Do you have any feedback for the patient session protocol?  

2.  Do you have any patients you think would be interested or well suited to try this 

tool? 
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Appendix D Patient Consent Form 

 

CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY 

University of New Brunswick 

Institute of Biomedical Engineering 

Fredericton, N.B. 

TITLE OF STUDY/PROTOCOL: Qualitative Exploration of EMG Activity Visual 

Feedback for Spinal Cord Injury Hand Function Rehabilitation 

PRINCIPAL INVESTIGATOR:  

Janelle Aikens – BSc, MIDST Candidate 

Institute of Biomedical Engineering 

jaikens@unb.ca (506) 458-7703 

SUPERVISORS:  

Dr. Erik Scheme – Associate Professor  

Institute of Biomedical Engineering 

escheme@unb.ca (506) 458–7029 

 

mailto:jaikens@unb.ca
mailto:escheme@unb.ca
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Dr. Kevin Englehart – Associate Dean of Graduate Studies 

Institute of Biomedical Engineering 

kengleha@unb.ca (506) 458-7020 

PROTOCOL IDENTIFICATION NUMBER:  v4_22/09/2023 

FILE NUMBER: 101849 

This project has been reviewed by the Research Ethics Board of the Horizon Health 

Network (RS 2023-3284) and of the University of New Brunswick (REB 2023-139). 

INTRODUCTION 

We invite you to volunteer to participate in the research study named above. Before you 

can decide whether or not to volunteer, you must understand the purpose, how it may affect 

you, any risks to you, and what is expected of you. This process is called informed consent. 

• Your participation is entirely voluntary; 

• The quality of your care will not be affected by whether or not you participate; 

• You may withdraw from the study at any time without affecting your present or future 

health care; 

• If the study is changed in any way which could affect your willingness to stay in the 

study, you will be told about the changes and may be asked to sign a new informed 

consent; 

• Your participation in this study may be stopped if your doctor decides it is in the best 

interest of your health and welfare, or at the discretion of the sponsor. 

PURPOSE OF STUDY 

mailto:kengleha@unb.ca
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We ask for your permission to enroll you as a participant in a research study that aims to 

explore the possibility of using surface electromyography to provide visual feedback of 

muscle activity for persons with spinal cord injuries (SCI). We hope this study will provide 

new information on how visual feedback of muscle activity affects user motivation and if 

its’ a suitable tool for rehabilitation of hand function. We are asking you to participate 

because you have sustained a neurological injury which may lead you to experience 

changes in physical and sensory capabilities. We anticipate that a total of up to 5 individuals 

will participate, all of whom are currently receiving or have received rehabilitation services 

at the Stan Cassidy Centre for Rehabilitation (SCCR). This study will provide insights for 

future intervention development to further explore the potential of visual feedback of 

muscle activity for rehabilitation of hand and wrist function for persons with SCI.  

PROCEDURE 

You will be asked to visit UNB's Centre for Adaptive Rehabilitation Engineering within 

the Institute of Biomedical Engineering at 25 Dineen Drive Fredericton, NB on one 

occasion. The session is expected to take 1 hour but may last up to 1.5 hours depending on 

your comfort.  

You will be seated in an upright position and the investigator will slide an adjustable table 

next to you allowing your elbow and forearm to rest comfortably on a foam block at a 90-

degree angle. The investigator will then prepare your skin for reliable sensing using gentle 

abrasion and an alcohol swab. If your skin is extra dry, we may use conductive gel on your 

arm to help get a better recording. The investigator will then place a non-adhesive EMG 

sensor cuff around your upper forearm of the desired arm. The sensors read the electrical 

signals created when you contract your muscles.  
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Using Screen Guided Training you will be instructed to follow along with the visual 

demonstration of normal hand and wrist movements (e.g., hand open, wrist flexion). This 

will represent a baseline comparable to traditional rehabilitation where no muscle activity 

feedback is provided. 

For the remainder of the session, the researcher will then ask you to contract your forearm 

muscles in various ways such as “open your hand” or “flex your wrist” while we visualize 

your muscle activity on a laptop screen in real-time. The researcher, under the supervision 

of an Occupational Therapist, will determine which specific motions you will be asked to 

perform. You may decline to perform any of these if you so choose. During this session, 

we may ask you to focus on contracting a certain muscle and relaxing the other or trying 

to contract harder than the previous repetition. Throughout the session, the researcher will 

gather your immediate feedback and ask questions following an interview guide. Given the 

nature of this study, consent will require you to acknowledge that the sessions will be audio 

and video recorded, blurring identifiable information (see Mandatory Study Elements 

below). 

These short sessions are not intended to provide a therapeutic benefit, but rather an 

exploration of using a new tool and gathering your feedback. There are no costs to 

you for participating in this study. 

POTENTIAL RISKS/DISCOMFORTS 

The study procedures have been designed with the time and effort requirements of the 

participants in mind and so as to minimize their risk of injury or exposure to discomfort 

during the session. There should be no risk or discomfort with this study beyond those 
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normally experienced when performing arm and wrist movements and exerting moderate 

strength during traditional rehabilitation. As outlined in the procedures, all movements 

during the research session will be natural hand and wrist motions. No movements will be 

studied that would be unusual or unfamiliar to you. The ordering and selection of hand 

gestures will be subject to clinician input based on the participants capabilities. It is 

possible that the EMG sensors may cause minor skin indentation or redness and that the 

participant experiences muscle fatigue because of contracting their muscles. You can rest 

at any time during the session, and the session can be stopped at any time. Your 

participation is strictly voluntary, and you may decline to participate at any time before or 

during your visit. 

RISKS FOR WOMEN OF CHILDBEARING POTENTIAL OR REPRODUCTIVE 

RISKS 

There are no known risks to women of childbearing potential, or reproductive risks, when 

undergoing routine physical examination for muscle and joint impairment. The sensors are 

safe, low-power and non-invasive, and poses no additional risks to participants. 

POTENTIAL BENEFITS 

You will not directly benefit from participating in this study. However, this study will 

provide useful information about the application of visual feedback of EMG activity in 

rehabilitation for an SCI; and whether it is suitable for hand function rehabilitation and 

influences user motivation.   

ALTERNATIVES TO PARTICIPATION 
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This research does not study drug or device treatments. Your alternative is not to participate 

in this study if you do not wish to do so. Your regular therapies will not be affected or 

altered by participation or not in this study and your standard of care from any of the staff 

at SCCR will not change based on your decision to participate or not to participate in the 

study. 

QUESTIONS 

If you have questions after you read this form, ask the Primary Investigator, Janelle Aikens 

at (506) 458-7703 or the student’s supervisor, Dr. Erik Scheme at (506) 458-7029. The 

project’s Co-Investigator, Dr. Colleen O’Connell can be reached at (506) 447-4294 to 

explain. You should not sign this form until you are sure that you understand the study. 

If you have general questions or concerns about your rights as a research participant, you 

may contact someone not involved in the study, by calling the Horizon Health Network 

Research Ethics Board Chairperson at (506) 648-6094.  

PRIVACY AND CONFIDENTIALITY 

Protecting your privacy is an important part of this study.  

When you sign this consent form you give us permission to: 

• Collect information from you. 

• Collect EMG data and safely store it for potential use in future research 

• Share information with the people conducting the study 

• Share information with the people responsible for protecting your safety 
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If you have questions or concerns about your privacy rights as a research participant, you 

may contact someone not involved in the study. You may contact the Privacy Officer for 

the Horizon Health Network at the toll free number 1-877-422-8717. 

Access to records 

The study doctor and members of the research team will see study records that identify you 

by name. 

Other people may need to look at the health and study records that identify you by name. 

These might include: 

• The researchers 

• The Horizon Health Network Research Ethics Board which is responsible for the 

protection of people in research conducted within the Horizon Health Network.  

• UNB Research Ethics Board 

Use of records 

The research team will collect and use only the information they need to conduct the study 

and judge the safety and usefulness of the study. 

This information will include your: 

• Age 

• Sex 

• Gender (optional) 

• Medical Conditions 

• Length of time since injury 
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• Spinal Cord Independence Measure (SCIM) score (patient record) 

• International Standards for Neurological Classification of Spinal Cord Injury 

(ISNCSCI) scores (patient record) 

• In-patient or out-patient status 

Please note, the results of the study may be published in medical literature, but you will 

not be identified.  

All personal information (names, addresses, email or phone numbers, etc.) gathered for 

this study that can identify participants will be kept secure to protect their privacy and 

will never be shared at any time with any person or entity. Data collected during the 

study and shared with others will reference participants only by an alphanumeric code. 

The “master list” linking personal information to the alphanumeric code will not be 

shared, and will be kept by the study PI in a secure location. All personal information 

linking participants to their data will be destroyed after seven years following the 

completion of the study.  De-identified information gathered from participants will be 

used and shared with others for research and teaching purposes only. These “others” 

could include researchers at UNB (faculty and graduate students), collaborators at other 

universities or research institutions, and the UNB Research Ethics Board.   

Data published in aggregate form (descriptive and inferential statistics) or stored in a data 

repository (a de-identified database) may be used in future research without your consent. 

You have the right to request any data gathered from you during this study to be 

permanently deleted following the study, and to not be entered into a repository. You 

acknowledge that once data have been released in aggregate form (such as a thesis, 
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published paper or report), or stored in a de-identified database, it is no longer possible to 

remove records belonging to specific individuals. 

Your name and contact information will be kept secure by the research team at the site 

where the study is being performed. It will not be shared with others without your 

permission. Your name will not appear in any report or article published as a result of this 

study. 

Information collected for this study will be kept as long as required by law.  This could be 

7 years or more. 

If you decide to withdraw from the study, the information collected up to that point in time 

will continue to be used by the research team unless you choose to have all your data 

deleted.  

By signing this consent form, I agree that my information, including my personal health 

information, may be used as described above. 

Your access to records 

You may ask the study PI to see the information that has been collected about you.  

Publication of results 

The results of this study may be published in a journal, shared at a conference, or used for 

teaching purposes. Your identifiable information will not be used in any publication or 

other disseminated materials without your specific permission.  

You may request a copy of any material made publicly available from the study you 

participated in. This material may take the form of published journal papers, conference 
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abstracts or internet media. To request this information please contact the researcher 

listed under Study Contacts on this consent form. 

RESEARCH RELATED INJURY  

Neither the Horizon Health Network nor the Principal Investigator can guarantee or assure 

that the stated risk, or other unknown consequences will not occur.  In the event that injury, 

illness or disability results and you believe it is directly related to your participation in this 

study, the Horizon Health Network requests that you contact the Horizon Health Network 

Patient Representative, at (506) 648-6714.  

If you become ill or injured as a direct result of participating in this study, the Principal 

Investigator will ensure that you receive medical care at no cost to you.  By signing this 

consent form you are in no way waiving your legal rights or releasing the Principal 

Investigator and Sponsor from their legal or professional responsibilities. 

COMPENSATION 

The study will be free of charge and there will be no charge to you for participation in this 

study.  Reasonable out of pocket expenses, if any, associated with your participation in this 

research study may be reimbursed.  For more details on this matter, please speak with the 

principal investigator or the doctor involved in the study. 

PARTICIPANT’S RESPONSIBILITIES  

In order for this project to be valid and complete, it is important that you comply with the 

requirements of the study (i.e., visit schedule, questionnaires, etc.).  These requirements 

should be carefully considered prior to signing your consent.  

Your Primary Healthcare Provider will be informed of your participation in this study. 
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ADDITIONAL INFORMATION 

You are encouraged to ask questions at any time during the study. In the event that you are 

experiencing any side effects or have further questions about the study, please call Dr.  

Erik Scheme at (506) 458-7029 or the Clinical Research Manager, Shane McCullum at 

(506) 447-4361. 

In the case of an emergency, in which you cannot contact Dr. Erik Scheme or the Clinical 

Research Manager, Shane McCullum, please proceed to the emergency department of the 

nearest hospital and state the name of the study in which you are participating and the name 

of the study doctor.   

Mandatory Study Elements: 

Audio and Videotaping: 

Your agreement to allow audio and video recording for research purposes is mandatory for 

this study. If you choose not to give permission, you cannot participate in this study. There 

will be no judgement or penalties if you decide not to participate. 

If you chose to give permission, then please initial below: 

_____ (initial) I give permission for audio recording and videos to be taken of me for 

research purposes.  

Optional Study Elements:  

Photography and/or Videotaping:  
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Your agreement to allow photos and videos to be used for use in publications or 

presentations is optional. If you choose not to give permission, you can still participate in 

this study.  

If you chose to give permission, then please initial below: 

_____ (initial) I give permission for photos and videos to be taken of me for use in 

publications or presentations.  

CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY 

TITLE OF PROTOCOL: Qualitative Exploration of EMG Activity Visual Feedback 

for Spinal Cord Injury Hand Function Rehabilitation 

PRINCIPAL INVESTIGATOR:  Janelle Aikens, BSc, MIDST Candidate 

PARTICIPANT’S QUESTIONS: 

Has this study been explained to you?  Yes  No 

Have you had an opportunity to ask questions and discuss this 

study? 

 Yes  No 

Are you comfortable with the information that has been 

provided? 

 Yes  No 

Do you understand that you are free to withdraw from this 

study? 

 Yes  No 
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Do you understand that you will receive a signed copy of this 

consent? 

 Yes  No 

 

PARTICIPANT’S STATEMENT 

I have read the above information and understand the purpose of the research as well as 

the potential benefits and risks of participation in the study.  I have had the opportunity to 

ask questions, and all my questions have been answered.  I hereby give my informed 

consent to be a participant in this study. 

____________________________ _____________________________ ____________ 

Printed Name of Participant  Signature of Participant  Date 

(In some circumstances the printed name, date, signature, and relationship of the 

substitute decision maker may be necessary). 

_____________________________ _____________________________ ____________ 

Printed Name of Person Conducting Signature of Person Conducting Date 

Informed Consent Discussion  Informed Consent Discussion 

INVESTIGATOR’S/DELEGATE’S STATEMENT 

I have explained to the above participant the nature, requirements and the purpose of 

the study, potential benefits, and possible risks associated with participation in this 

study.  I have answered any questions that have been raised.  I believe that the 

participant understands the implications and the voluntary nature of the study.  
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_____________________________ _____________________________ __________ 

Investigator/Delegate (Print)    Signature    Date 
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Appendix E Patient Demographic Form 

Patient Demographic Information 

Study: Qualitative Exploration of EMG Activity Visual Feedback for Spinal Cord Injury 

Hand Function Rehabilitation  

Date: 

Subject #: 

1. Age:                         

2. Sex:  

3. Gender (optional):  

4. Length of time since injury: 

5. Spinal Cord Independence Measure (SCIM) score: 

6. International Standards for Neurological Classification of Spinal Cord Injury 

(ISNCSCI) scores:  

 

7. In or outpatient:  

8. Handedness:  L    /  R 

9. Hand currently used most preferably:     L    /   R 

10. Level of experience with EMG visual feedback:   

1  2  3  4  5 

(no experience)                           (highly experienced) 
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Appendix F EMG Session Interview Guide 

Introduction discussion  

1. Tell me a bit about yourself. 

a. What are your hobbies? 

b. What do you do for work?  

2. Where are you at in your rehabilitation process? 

3. What does/did a typical OT session look like for you? 

a. How about in recreational therapy? 

4. Do you do any rehabilitation exercises at home? Please describe. 

a. Is there anything specifically challenging about them or preventing you 

from completing them?  

• What is challenging about understanding what’s happening in your muscles since 

your injury? Please elaborate.  

• Can you feel your muscles in your arms? Do you have to see it to know it’s moving? 

Can you hold on to things? 

• I’d like you to tell me about your personal motivation throughout your rehabilitation 

process. 

a. Do you consider yourself someone who is more intrinsically or 

extrinsically motivated? 

b. What motivates you in rehabilitation?  

c. What has made the biggest impact on your personal motivation? 

d. What needs to happen to get you to the extra mile in rehabilitation?  
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e. Do you enjoy games or competition? 

f. Do you like to do your exercises alone or in group? 

g. Has is changed over time? 

SGT / Gesture Training Screen 

• Does this feel similar to how you would be asked to try normal hand movements with 

your therapist? 

7. How did following a static image differ from verbal prompting or an in-person 

visual demonstration? Do you have a preference? 

8. Did you feel frustrated during this task? What about it?  

• Do you have any suggestions to change this display in order to make it more 

interesting for you?  

9. Were you overwhelmed by the amount of information presented on the screen?  

Time Series Visualization 

12. Did you feel frustrated during this task? What about it?  

13. Were you overwhelmed by the amount of information presented on the screen? 

Was it easier to understand when we presented only one muscle site?  

• Do you have any suggestions to change this visualization in order to make it more 

interesting for you? (e.g., colours, points, timers, levels) 

14. What did you think when the clinician challenged you to contract harder or keep 

your muscle quiet – was this motivating? Discouraging?  
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• Do you feel in control of the visualization, or does it feel like you’re just watching a 

screen? In other words, do you feel like what’s happening on the screen is actually 

coming from your muscles?   

MAV Bars Visualization 

17. Compared to the other visualizations, did you feel frustrated during this task? 

What about it?  

• Do you have any suggestions to change this visualization in order to make it more 

interesting for you?  

a. What did you think when the clinician challenged you to contract harder 

or keep your muscle quiet – was this motivating? Discouraging?  

• Do you feel in control of the visualization, or does it feel like you’re just watching a 

screen? In other words, do you feel like what’s happening on the screen is actually 

coming from your muscles?   

b. Does this visualization help you understand the difference between 

position and activation?  

• Did this differ between the previous graphs viewing your muscle activity over time? 

Or vs the MAV radial graph? How so? 

18. Were you overwhelmed by the amount of information presented on the screen? 

Was it easier to understand when we presented only one muscle site?  

Radial Area Plot Visualization  

22. What did you think of this plot? 

23. Did you feel frustrated during this task? What about it?  



 

214 

 

• Do you have any suggestions to change this visualization in order to make it more 

interesting for you?  

a. What did you think when the clinician challenged you to contract harder 

or keep your muscle quiet – was this motivating? Discouraging?  

• Do you feel in control of the visualization, or does it feel like you’re just watching a 

screen? In other words, do you feel like what’s happening on the screen is actually 

coming from your muscles?   

b. Did this differ between the visualizations/graphs? How so? 

24. Were you overwhelmed by the amount of information presented on the screen?  

PCA-Projected Feature Space Visualization 

27. Did you feel frustrated during this task? What about it?  

• Do you have any suggestions to change this visualization in order to make it more 

interesting for you?  

a. What did you think when the clinician challenged you to contract harder 

or keep your muscle quiet – was this motivating? Discouraging?  

• Do you feel in control of the visualization, or does it feel like you’re just watching a 

screen? In other words, do you feel like what’s happening on the screen is actually 

coming from your muscles?   

b. Did this differ between the visualizations/graphs? How so? 

28. Were you overwhelmed by the amount of information presented on the screen? 

Was it easier to understand when we presented only one muscle site? 
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Conclusion Questions  

31. Which visualization/graph did you prefer and why? 

32. Were any of the visualizations/graphs more difficult to understand?  

33. How did the real time feedback visualizations compare to the static image activity 

we did at the beginning of the session?  

• Did seeing your muscle activity on the screen help you understand what is happening 

with your muscles? How so?  

a. Did you prefer the static images with no feedback or the real time visual 

feedback to help you understand that we want you contracting your 

muscles rather than only moving into a position? 

b. Did you feel more in control of your muscles when you were able to see 

your muscle activity feedback on screen? 

c. Did seeing your muscle activity on a screen change the way you 

contracted your muscles? How so?  

• Was it more or less interesting than receiving no feedback?  

d. What do you think about having a history element and comparing over 

time?  

• Did you have previous experience with visual feedback of muscle activity? How did 

it compare to this experience?  

34. Do you think visual feedback of muscle activity could be/have been used in your 

rehabilitation? (e.g., muscle strength, reducing spasticity, co-contraction)  

35. In your own words, what is the goal of visual feedback?  

• Why did you agree to participate in this research study?  



 

216 

 

36. What are your thoughts on using visual feedback on your own time/at home? 

37. Would you feel comfortable using this type of tool on your own without 

supervision?  

a. How easy do you think it would be to set this up alone? 

38. How do you think a tool like this could affect your communication with your 

therapist? 

a. Could it help you to communicate issues or challenges to your therapist?
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