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Abstract 

Impact of Self-Controlled Practice on Motor Learning for  

Individuals with Post-Stroke Upper Limb Hemiparesis 

Lauren Beth Winterbottom 

 

Upper limb (UL) impairments are common after stroke and can lead to loss of 

independence and long-term disability. Motor learning interventions for individuals with stroke 

can improve UL function and engagement in daily activities. Self-controlled practice (SCP) 

involves allowing choice during motor skill practice and has been shown to improve motor 

learning in healthy adults as well as individuals with Parkinson's disease. Additionally, SCP may 

impact psychological outcomes, including intrinsic motivation, self-efficacy, and positive affect. 

Although SCP has been incorporated into complex stroke rehabilitation interventions, little is 

known about its specific impact on motor learning for individuals with stroke. The purpose of 

this study is to investigate the effect of SCP on motor learning and psychological outcomes for 

adults with chronic UL impairment after stroke.  

Sixteen participants with chronic UL impairment due to stroke were paired and 

randomized into two groups. All participants practiced a standardized motor task with both their 

more affected and less affected hands for two consecutive days. During each day of practice, 

participants completed 50 30-second trials (10 blocks of 5 trials each) with their more affected 

hand and 20 30-second trials (10 blocks of 2 trials each) with their less affected hand. The 

experimental group was given control over their practice schedule and chose the order they 

practiced blocks of trials. Participants in the control group followed a pre-determined practice 

schedule based on the choices made by the participant they were paired with in the experimental 



 
 

group. Outcome measures were assessed on Day 1 before practice (Pre-Test), Day 2 after 

practice (Post-Test), and Day 3 (Follow-up). Motor learning outcomes included 24-hour 

retention of the trained motor task and immediate (10-minute) and delayed (24-hour) transfer of 

learning to an untrained motor task. Psychological outcomes including intrinsic motivation, self-

efficacy, and positive affect were also assessed.  

Both groups demonstrated significant improvements from baseline on both the trained 

task and the untrained task at the Day 3 follow-up assessment. There were no significant 

between-group differences on any motor learning or psychological outcome measures. However, 

there was a significant association between perceived choice that was assessed on Day 2 

following practice and amount of change on the untrained transfer task at Day 3. This suggests 

that perception of choice may be a relevant factor for motor learning after stroke. However, more 

research with larger sample sizes is needed to further investigate this finding. 
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Chapter 1: Introduction 

 Stroke is a devastating disease that impacts millions of people worldwide and is a 

common cause of long-term disability (Feigin et al., 2021; Virani et al., 2021). Stroke results 

from impaired perfusion in blood vessels of the brain. Lack of blood and oxygen supply to neural 

tissue leads to ischemic stroke while blood vessel rupture causes hemorrhagic stroke (Kuriakose 

& Xiao, 2020). Stroke can cause sensorimotor deficits of the upper limb (UL) that are 

contralateral to the lesion, such as weakness, changes in muscle tone, and loss of normal patterns 

of coordination (Roby-Brami et al., 2021). These deficits are often persistent and contribute to 

reduced participation in daily activities, necessitating rehabilitation efforts to improve arm 

function (Guidetti et al., 2014; Houwink et al., 2013; Winstein et al., 2016a). Improvements in 

functional use of the more affected UL can be limited by a tendency to compensate with the less 

affected arm, leading to learned nonuse (Taub & Wolf, 1997). Learned nonuse of the UL is 

common after stroke, with individuals reporting low motivation to use their more affected arm 

due to repeated experiences of failure and inability to use their arm properly during daily 

activities (Ballester et al., 2022b; Meadmore et al., 2019). This is problematic because, after 

stroke, a large dosage of intensive practice is required for motor learning to occur, and repeated 

arm use throughout the day is essential for regaining function (Cirstea et al., 2003; Kleim & 

Jones, 2008). 

Rehabilitation interventions that increase motivation and engagement during practice 

may help elicit motor learning and improve functional recovery of the UL (Sánchez & Winstein, 

2021). Motivated practice stimulates the dopaminergic rewards system in the brain, which is 

crucial for motor learning (Speranza et al., 2021). Activation of dopaminergic neurons can 

increase the perceived value and reduce the perceived cost of a given action, making long-term 
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goal attainment possible by enhancing cognitive control (Cools et al., 2019). Following a stroke, 

research has shown that the dopaminergic rewards system is under-activated, which may 

negatively impact motor learning (Widmer et al., 2019). However, interventions designed to 

stimulate the dopaminergic rewards system during motor practice have demonstrated 

improvements in motor learning and recovery for stroke survivors, suggesting that the dopamine 

system may be an important target in stroke rehabilitation interventions (Quattrocchi et al., 2017; 

Widmer et al., 2022). 

Research in stroke rehabilitation has led to the development of complex interventions that 

employ motor learning principles to help improve function in the more affected arm during daily 

use (Jeon et al., 2015; Winstein et al., 2014). While these interventions can lead to improvements 

in arm function, they have not been shown to be superior to usual practice, and there is evidence 

that arm use is limited even after treatment (Ballester et al., 2022b; Sánchez & Winstein, 2021; 

Winstein et al., 2016b; Winstein & Varghese, 2018). Complex stroke rehabilitation interventions 

incorporate multiple principles of motor learning to elicit reacquisition of functional motor skills. 

These principles are generally derived from research with healthy subjects and animals (Kleim & 

Jones, 2008; Maier et al., 2019; Winstein et al., 2014; Winterbottom & Nilsen, 2024). However, 

when some of these principles have been tested individually, stroke survivors have responded 

differently than healthy individuals, while other principles have not specifically been tested with 

the stroke population (Gregor et al., 2021; Hayward et al., 2014; Maier et al., 2019). Thus, the 

degree to which the individual components of complex interventions contribute to improvements 

in motor recovery is largely unknown. Testing the impact of these specific variables on motor 

learning can help determine the active ingredients within complex interventions. Clinicians can 

then focus on these active ingredients during treatment and potentially improve outcomes. 
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For example, practice conditions that support learner autonomy have been shown to 

facilitate motor learning and are thought to support interest and enjoyment in the activity (Wulf 

& Lewthwaite, 2016). Self-controlled practice (SCP) is a specific type of autonomy support in 

which the learner is given control over a practice condition during motor practice (Sanli et al., 

2013) and has been integrated into multi-faceted stroke rehabilitation approaches (Lewthwaite et 

al., 2018; Winstein et al., 2016b). Making choices according to one’s preferences may activate 

the dopaminergic rewards system, thereby improving memory consolidation and motor learning 

(Wulf & Lewthwaite, 2016). This may also improve self-regulation during the experience of 

failure, which may help inhibit negative emotions and support resilience when practicing 

challenging activities (Legault & Inzlicht, 2013; Murayama et al., 2015). SCP is believed to 

improve motor learning by increasing the learner’s focus on the task goal as well as their belief 

in the potential for success (Wulf & Lewthwaite, 2016). Expected success may improve 

psychosocial factors such as self-efficacy and positive affect, which have been shown to predict 

motor learning outcomes (Chiviacowsky et al., 2012a; Wulf et al., 2018; Wulf & Lewthwaite, 

2016).  

Numerous studies with healthy participants have shown that SCP improves motor skill 

retention and transfer of learning for a variety of different practice conditions, including control 

over the practice schedule, or the order in which different tasks are practiced (Sanli et al., 2013; 

Wulf & Lewthwaite, 2016). In addition to healthy individuals, both older adults and individuals 

with Parkinson’s disease have also been shown to benefit from SCP (Chiviacowsky et al., 2012b; 

Lessa & Chiviacowsky, 2015). While SCP has been integrated into complex stroke rehabilitation 

interventions for UL rehabilitation (Lewthwaite et al., 2018; Winstein et al., 2016b), little is 

known about the specific impact of SCP on motor learning for individuals with UL impairments 
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after stroke. Thus, more research is needed to determine if SCP is an active ingredient in 

complex stroke rehabilitation interventions. 

The purpose of this study was to learn about the effects of SCP on motor learning and 

psychological factors such as intrinsic motivation, self-efficacy, and positive affect for 

individuals with chronic (> 6 months) post-stroke UL impairment. In SCP research, each 

member of the experimental group (EG) is paired with someone in the control group (CG). The 

EG is given control over a specific practice condition while the CG follows a pre-determined 

schedule based on choices made by the EG (Sanli et al., 2013; Wulf & Lewthwaite, 2016). In 

this study, participants were paired and randomized into either EG or CG. All participants 

practiced a standardized simulated self-feeding task for two consecutive days with both their 

more affected and less affected hands. Participants in the EG were given control over their 

practice schedule (i.e. the order that they practice blocks of trials with each of their hands), while 

participants in the CG followed a pre-determined practice schedule based the choices made by 

the EG participant with whom they were paired. Outcomes were assessed on Day 1 before 

practice (Pre-Test), Day 2 after practice (Post-Test), and Day 3 (Follow-up). The aims of this 

study were to learn about the impact of SCP on motor learning for individuals with UL 

hemiparesis after stroke, measured by retention of a trained task and transfer of learning to an 

untrained task, as well as the impact of SCP on intrinsic motivation, self-efficacy, and positive 

affect.  
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Chapter 2: Background 

2.1 Sensorimotor Deficits after Stroke 

Sensorimotor deficits in the UL after stroke are often persistent and can contribute to 

long-term disability (Guidetti et al., 2014; Virani et al., 2021). Motor learning interventions have 

been developed to address deficits such as weakness, spasticity, and impaired interjoint 

coordination (Levin, 1996; Li & Francisco, 2015). Impaired neural signaling can result in 

abnormal muscle tone and function, causing a reduction in UL movement coordination (Sánchez 

& Winstein, 2021). Loss of active movement can cause problematic changes in soft tissue 

function, including tendon shortening and joint contracture, leading to increased UL impairment 

(Roby-Brami et al., 2021). UL movement is often characterized by reduced speed and 

smoothness, muscle co-contraction, abnormal flexor synergy patterns, and difficulty performing 

complex interjoint movements, limiting coordination during functional use (Dewald et al., 1995; 

Levin, 1996; Levin & Demers, 2021; Roby-Brami et al., 2021; Winterbottom & Nilsen, 2024). 

For instance, stereotypic movement patterns involving abduction and internal rotation of the 

shoulder and flexion of the elbow limit access to functional reaching space (Dewald et al., 1995; 

Roby-Brami et al., 2021). As a result, individuals with post-stroke hemiparesis may compensate 

for limited range of motion during reaching with excessive motion in their trunk in order to 

access objects in the environment. Other compensatory strategies may include grasping objects 

from above with a downwardly rotated palm or sliding the hand across the table (Roby-Brami et 

al., 2021). Finger movement is often limited by increased activation of the long finger flexors 

and reduced control over the intrinsic muscles in the hand; additionally, flexor coupling between 

fingers and thumb commonly makes individuated finger movements even more challenging 

(Lang & Schieber, 2004; Roby-Brami et al., 2021). These deficits limit the ability to form 
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functional grasping patterns that enable manipulation of a variety of task objects in reachable 

space.  

Sensory deficits are also common after stroke and contribute to impairments in hand and 

arm function. For example, those without proprioception have much greater difficulty learning 

and retaining new motor skills (Rowe et al., 2017). Reduced light touch and pressure sensation 

can make it challenging to manipulate objects and apply the appropriate amount of grip force, 

requiring compensation from the visual system (Roby-Brami et al., 2021). Additionally, 

impaired pain and temperature sensation can lead to safety concerns during functional hand use. 

2.2 Motor Learning and Stroke 

Motor Learning Definitions 

Motor learning refers to performance improvement in a skill following practice or 

experience, which is exhibited by increased speed and accuracy during skill execution (Magill & 

Anderson, 2021). Several distinct types of motor learning are relevant for stroke rehabilitation 

interventions, including 1) the acquisition of a novel motor skill, 2) motor sequence learning, 3) 

improvements in movement quality, and 4) motor adaptation (Krakauer et al., 2019). While the 

research described in this dissertation is focused on acquisition of a novel skill (or, for 

individuals with post-stroke UL impairment, reacquisition of a previously learned skill), brief 

definitions of the other types of motor learning are also provided below.  

Acquisition of Novel Skills. Motor learning can involve developing a new pattern of 

coordination, such as learning a tennis serve; this requires the learner to perform numerous 

repetitions of the skill to discover the most effective and efficient methods of performing the task 

(Bernstein, 1967; Krakauer et al., 2019). Novel skill acquisition is often a goal in motor learning 

research studies that seek to determine which practice conditions are most advantageous in 
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improving a given skill. After stroke, individuals may lose the ability to perform previously 

acquired motor skills that are needed for daily activities, making it necessary to relearn these 

skills through practice. For example, functional reaching performance can be limited by poor 

interjoint coordination, which can be defined as impaired spatial and temporal organization of 

degrees of freedom during goal-oriented movements (Tomita et al., 2017). In order to relearn UL 

coordination patterns for functional skills, many repetitions of the movement are needed to elicit 

improvements in skilled performance (Cirstea et al., 2003). In this study, participants engaged in 

repetitive practice of a simulated feeding task to increase the speed of task completion. 

Sequence Learning. Many daily activities rely on performing sequences of movements 

where the underlying motor skill has already been developed (Bernspång & Fisher, 1995; 

Newell, 1985; Schambra et al., 2019). For example, typing words on a keyboard requires a 

specific sequence of movements. Daily activities often involve performing sequences of discrete 

motor skills in order to complete a complex task. For instance, preparing a meal requires a 

number of motor skills (e.g., reaching, grasping, manipulating, transporting, stabilizing) that 

must be performed sequentially in a logical order. Execution of these activities requires cognitive 

processing to organize performance as well as adequate motor abilities to carry out the steps of 

the task, which are often challenging after stroke (Bernspång & Fisher, 1995; McEwen et al., 

2015). While sequence learning is important to consider in the reacquisition of complex daily 

activities after stroke, it is not the focus of this dissertation. 

Improvements in Movement Quality. Changes in movement quality can also indicate 

skill improvements through changes in accuracy and precision of movements (Krakauer et al., 

2019). For UL performance after stroke, movement quality can be quantified through kinematic 

measures to determine if normal movement patterns have been restored; however, current 
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methods are limited in their ability to distinguish between motor recovery and compensation 

(Saes et al., 2022). Stroke survivors with UL impairment often tend to compensate for motor 

impairments by using their trunk or alternative motor strategies (Roby-Brami et al., 2021). This 

may limit motor recovery and can encourage maladaptive use of the UL (Raghavan, 2015). Thus, 

consideration of movement quality is important in stroke rehabilitation, and attention should be 

given not only to task completion but also the quality with which movements are performed. 

However, this dissertation does not address this problem. 

Motor Adaptation. Finally, motor adaptation involves making implicit adjustments in 

response to external perturbations in order to maintain motor performance during a task 

(Krakauer et al., 2019). Motor adaptation paradigms have been used in stroke rehabilitation to 

augment error during motor performance in order to help to normalize performance of the 

functional skill (Dzewaltowski et al., 2021; Quattrocchi et al., 2017). For example, split-belt 

treadmill training can improve asymmetrical step lengths in stroke survivors by increasing the 

speed of the treadmill belt being used by the hemiparetic leg. This adjustment increases the error 

in step length asymmetry for the user and forces them to adapt by taking larger steps, which can 

lead to more symmetrical step lengths following training (Dzewaltowski et al., 2021). However, 

again, motor adaptation is not investigated in this dissertation. 

Motor Learning Measurement 

 This current study used a 24-hour retention test as well as immediate (10-minute) and 

delayed (24-hour) transfer tests to measure motor learning. A retention test involves performing 

the practiced task following a period of no practice to demonstrate persistence in the skill over 

time (Magill & Anderson, 2021). This study had a 24-hour retention period, which is common in 

motor learning studies for the stroke population (Gregor et al., 2021). Transfer tests can also be 
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used to assess motor learning. This involves testing a variation of the practiced skill in order to 

determine the learner’s adaptability (Magill & Anderson, 2021). While transfer tasks are used 

infrequently in motor learning studies with the stroke population (Gregor et al., 2021), practicing 

one task has been shown to lead to improvements in an untrained skill for this population 

(Kantak et al., 2017; Schaefer et al., 2013). In this study, transfer of learning to an untrained task 

was measured immediately following completion of practice (immediate transfer) and 24-hours 

after completing the practice (delayed transfer). 

Motor Learning Principles for Neurorehabilitation 

Motor learning principles for neurorehabilitation have been applied in numerous 

interventions for stroke rehabilitation that are focused on improving UL motor function and 

performance in daily activities (Maier et al., 2019). These principles were developed through 

movement science research as well as advances in neuroscience and are focused on augmenting 

experience-dependent neural plasticity following brain injury to support skill reacquisition and 

motor recovery (Kleim & Jones, 2008; Maier et al., 2019; Winstein et al., 2014). Motor learning 

occurs through practice of a given skill. Practice conditions including practice variability, 

specificity, and amount have been studied to determine which variables enhance retention and 

transfer of motor skills (Magill & Anderson, 2021). Selected practice conditions that are relevant 

to this dissertation are described below. Psychosocial factors, such as having a sense of 

autonomy and having enhanced expectancies for future success have also been shown to 

significantly influence motor learning (Wulf & Lewthwaite, 2016). Additional motor learning 

principles for neurorehabilitation are described in detail by Maier and colleagues (2019) and 

Gregor and colleagues (2021). Additionally, Kleim and Jones (2008) describe principles of 

experience-dependent neural plasticity for post-stroke rehabilitation, which include motor 
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learning principles such as salience, specificity, repetition, and intensity. Please see 

Winterbottom and Nilsen (2024) for a summary of these principles, including dosage, verbal 

instruction, augmented feedback, problem solving, level of difficulty, and cognitive strategies to 

augment motor learning. 

Practice Variability. Practice variability is the degree to which the learner practices 

variations of a motor skill, such as differences in movements or contexts. In research with 

healthy individuals, incorporating variability into practice has been shown to improve motor 

learning. Practice schedules, or in the order in which tasks are practiced, can be organized to 

increase variability. For example, a random practice schedule, where tasks are practiced in a 

random order, has high variability while a blocked practice schedule, where each task is 

practiced separately, has low variability. Motor learning research has found that random practice 

improves motor learning more than blocked practice with healthy individuals (Magill & 

Anderson, 2021). However, results of studies that have investigated the benefits of random vs. 

blocked practice with individuals after stroke are mixed, so any motor learning benefits are 

unclear for this population (Gregor et al., 2021). Practice variability is relevant to this 

dissertation because participants in the experimental group were given control over their practice 

schedule and, thus, had differing degrees of variability in their practice schedules. In order to 

control for potential effects of differences in variability on motor learning, each participant in the 

control group completed a practice schedule that was determined by a participant in the 

experimental group.  

Task Specificity. Motor abilities are task specific, so in order to improve a skill, the 

actual task must be practiced. This principle is widely supported by research with healthy 

individuals as well as stroke survivors (Kleim & Jones, 2008; Magill & Anderson, 2021; Maier 
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et al., 2019). Practicing a specific task can also transfer to improvements on an untrained task if 

the two tasks have similar characteristics (Magill & Anderson, 2021). Schaefer and colleagues 

(2013) demonstrated this principle with individuals with chronic hemiparesis post-stroke. They 

found that repetitive practice of a simulated feeding task led to improvements on both the trained 

task and an untrained task that was kinematically similar. The study described in the dissertation 

used the trained and untrained tasks described by Schaefer and colleagues (2013) because both 

tasks were shown to be responsive to change following practice. 

Amount of Practice. Sufficient amount of practice is needed for motor learning to occur, 

and, in general, more practice typically leads to better retention (Magill & Anderson, 2021). 

Research has shown that stroke survivors require an increased number of repetitions to improve a 

motor skill when compared to healthy individuals (Cirstea et al., 2003), so the amount of practice 

should be carefully considered when designing motor learning research for individuals after 

stroke. Schaefer and colleagues (2013) demonstrated that practicing a simulated feeding task for 

five consecutive days (50 trials per day) led to improvements in both a simulated feeding task 

and an untrained task for individuals with post-stroke UL hemiparesis. Visual inspection a graph 

of the training data from this study suggested that the largest improvements occurred during the 

first two days of training. Thus, in the study described in this dissertation, participants practiced 

the same simulated feeding task for two consecutive days (50 trials each day). 

Motor Recovery and Neuroplasticity 

Many complex interventions for UL stroke rehabilitation incorporate motor learning 

principles to elicit motor recovery. Motor recovery occurs when normal coordination patterns are 

regained from before the neurological disease or injury, such as stroke. This contrasts with 

compensation, in which new patterns of movement are developed that are less efficient and may 
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be influenced by abnormal synergies (Joy & Carmichael, 2021). Motor recovery varies among 

individuals and is associated with the severity of the stroke, the amount of time post-stroke, the 

integrity of the corticospinal tract, and other factors including psychological health, co-

morbidities, and genetics (Alawieh et al., 2018). Neuroplasticity involves nervous system 

reorganization, which results from experience (Cramer et al., 2011). Following stroke, new 

neural connections are formed via synaptogenesis as the individual attempts to regain 

independence as they navigate their environment (Kleim & Jones, 2008). Motor recovery can 

take place through practice; however, movement compensations are quite common and can lead 

to the development of learned non-use and/or maladaptive movement patterns of the more 

affected side (Raghavan, 2015; Taub & Wolf, 1997). Research with animals has shown that the 

primary motor cortex reorganizes following repetitive practice of a novel motor task (Kleim et 

al., 1998; Plautz et al., 2000). Similarly, constraint-induced movement therapy, which involves 

intensive task-specific practice with the more affected UL, can lead to increased cortical grey 

matter volume after stroke and improve functional use of the limb (Gauthier et al., 2008). Thus, 

incorporating motor learning principles into stroke rehabilitation interventions, such as 

specificity, intensity, salience, and challenge, can help drive neuroplasticity and support UL 

motor recovery (Kleim et al., 1998; Maier et al., 2019). 

Motor Learning Differences After Stroke 

There are noted differences in motor learning between healthy individuals and those with 

hemiparesis after stroke. For instance, after stroke, more repetitions are needed to improve a 

motor skill than for healthy individuals (Cirstea et al., 2003), and motor learning may be masked 

by spasticity (Subramanian et al., 2018). Explicit instructions, which involve telling someone 

how to perform a movement, also have a negative impact on individuals after stroke that is not 
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observed with healthy individuals (Boyd & Winstein, 2006). In another example, while 

numerous studies have found that an external focus of attention (i.e., focusing on the goal of the 

task rather than on the body) benefits motor learning for healthy individuals, this finding has not 

been replicated for individuals with stroke (Kal et al., 2019; Kal et al., 2015; Kim et al., 2017). 

The benefits of other types of practice conditions, such as the distribution of practice and the 

optimal amount of variability, are also unclear for stroke survivors (Gregor et al., 2021).  

In stroke rehabilitation, multiple motor learning principles are often incorporated into a 

single complex intervention. For example, Winstein and colleagues (2014) developed the 

Accelerated Skill Acquisition Program for post-stroke UL recovery based on motor learning and 

neuroscience research. Much of this research was done with healthy individuals or animals, and 

little is known about how stroke survivors respond to some of the specific principles that are 

incorporated into the intervention (e.g., self-controlled practice). Because stroke survivors may 

respond differently to motor learning principles than healthy individuals or animals, the effects 

of individual components within complex interventions should be tested with stroke survivors to 

determine if they have a positive effect on motor learning. 

Motor Learning and the Dopaminergic Rewards System 

The dopaminergic rewards system in the brain is crucial for motor learning, motor 

control, and memory. Dopaminergic neurons arising from the ventral tegmental area (VTA) in 

the midbrain connect with limbic and cortical areas of the brain via mesocorticolimbic pathways. 

These pathways are part of the neural rewards circuitry (Speranza et al., 2021) and are implicated 

in motor learning (Bradley & Damiano, 2019; Gower & Tiberi, 2018). However, the 

dopaminergic rewards system has been shown to be under-activated after stroke, which may 

negatively influence motor learning and recovery (Bradley & Damiano, 2019; Widmer et al., 
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2019). This system helps the individual determine which actions are worth the effort, based on 

the potential rewards. Activating dopaminergic neurons can increase the perceived value and 

reduce the perceived cost of a given action. This can improve cognitive control, making long-

term goal attainment easier (Cools et al., 2019).  

After stroke, a great deal of high intensity practice is needed to support motor learning 

and recovery; however, stroke survivors may have reduced motivation to use their affected limb 

in functional activities, potentially due to high amounts of effort that do not lead to desired 

outcomes (Ballester et al., 2022a; Meadmore et al., 2019). As such, interventions that support 

optimal levels of motivation may help to elicit motor learning (Wulf & Lewthwaite, 2016). 

Intrinsic motivation involves engaging in an activity due to enjoyment in the activity itself. In 

contrast, extrinsic motivation occurs when external rewards or punishments drive participation 

(Deci & Ryan, 2008). Extrinsically motivating factors, such as monetary rewards, have been 

shown to improve motor learning and recovery after stroke (Quattrocchi et al., 2017; Widmer et 

al., 2022). However, interventions that use extrinsically motivating variables may also reduce the 

desire to engage in the activity once the external reward is withdrawn (Murayama et al., 2010). 

Because stroke survivors already report reduced motivation to use their more-affected arm in 

daily activities, interventions that promote intrinsic motivation with arm use may be important 

for supporting UL practice and participation in daily activities (Meadmore et al., 2019; Sánchez 

& Winstein, 2021). 

2.3 Theoretical Applications 

Self-Determination Theory 

Self-Determination Theory (SDT) proposes that fulfillment of basic psychological needs 

(autonomy, competence, and relatedness) can improve performance and learning by eliciting 
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intrinsic motivation (Deci & Ryan, 2008). Having a sense of control over the environment and 

making decisions according to one’s preferences can support an individual’s sense of autonomy 

and improve task performance (Legault & Inzlicht, 2013; Leotti et al., 2010). Allowing choice 

during practice of a motor task may also help improve self-regulation when receiving feedback 

about failure, thereby increasing resilience and supporting continued engagement (Legault & 

Inzlicht, 2013; Murayama et al., 2015).  Exerting control over the environment may help inhibit 

negative emotional responses during stressful situations and increase engagement during task 

practice (Leotti et al., 2010). Thus, giving choices may help support intrinsic motivation and 

learning during practice with the more affected UL (Lewthwaite et al., 2018; Meadmore et al., 

2019; Sánchez & Winstein, 2021). 

OPTIMAL Theory of Motor Learning 

 The OPTIMAL Theory of Motor Learning is supported by extensive motor learning 

research that was primarily conducted with healthy individuals. This theory incorporates 

constructs from SDT and hypothesizes that autonomy, perceptions of competence, and external 

focus of attention enhance motor learning (Wulf & Lewthwaite, 2016). Self-controlled practice 

(SCP) is one type of autonomy-supportive condition in which participants are able to make 

choices during practice of a motor task (Sanli et al., 2013). According to the OPTIMAL Theory, 

SCP may help increase focus on the task goal and belief in the potential for success. Expected 

success can then lead to further success, aiding in memory consolidation through activation of 

the dopamine system (Wulf & Lewthwaite, 2016). Research that has investigated the effects of 

SCP on motor learning allows the experimental group to make choices about a specific practice 

condition during motor skill practice. The control group is then yoked to the choices made by the 



 
 

16 

experimental group and follows a pre-determined practice schedule (Sanli et al., 2013; Wulf & 

Lewthwaite, 2016).  

2.4 Self-Controlled Practice 

Numerous studies with healthy subjects have shown benefits of SCP for both motor skill 

retention and transfer with a variety of types of practice conditions, including control over 

amount of practice (Lessa & Chiviacowsky, 2015; Post et al., 2011), when to use an assistive 

device (Chiviacowsky et al., 2012b), practice difficulty (Leiker et al., 2016; Pathania et al., 

2019), when to receive feedback (Kaefer et al., 2014; Sanli et al., 2013), and practice schedule 

(Halperin et al., 2017; Iwatsuki et al., 2017; Keetch & Lee, 2007; Wu & Magill, 2011; Wulf & 

Adams, 2014). While this research has largely been conducted with young healthy adults when 

learning a novel motor skill, benefits of SCP have also been found for skilled athletes performing 

a well-learned skill (Halperin et al., 2017), individuals with Parkinson’s disease (Chiviacowsky 

et al., 2012b), both introverts and extroverts (Kaefer et al., 2014), and older adults (Lessa & 

Chiviacowsky, 2015). Autonomy-supportive instructional language has been shown to improve 

motor learning, positive affect, self-efficacy, and perceived control when compared to 

controlling language during acquisition of a novel motor skill (Hooyman et al., 2014). Choices 

that are unrelated to practice conditions (incidental choices) can also provide a significant motor 

learning benefit. For example, choice in color of a mini golf ball or a factor completely unrelated 

to the task such as room decoration can lead to significant improvements in motor learning 

(Lewthwaite et al., 2015). Incidental choice has been shown to improve both motor learning 

outcomes and positive affect, suggesting that these two outcomes may be linked (Wulf et al., 

2018). Positive affect refers to a positive emotional state or mood (e.g., happy, pleased, satisfied, 

contented) and can be measured using the Self-Assessment Manikin scale (Bradley & Lang, 
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1994; see section 3.3 for a description of the Self-Assessment scale). Supporting positive affect 

may facilitate motor learning through activation of the dopamine system (Di Domenico & Ryan, 

2017; Wulf et al., 2018). Autonomy-support during motor task practice may also enhance self-

efficacy, which has been shown to predict motor learning outcomes (Chiviacowsky et al., 2012a; 

Hooyman et al., 2014). 

Neural Mechanisms of Self-Controlled Practice 

Making choices during SCP may stimulate the dopamine system through activation of 

value-coding and salience-coding dopaminergic neurons (Di Domenico & Ryan, 2017). 

Dopamine projections from the VTA to the nucleus accumbens, the prefrontal cortex, and the 

primary motor cortex are part of the reward circuitry and enhance motor learning processes 

(Gower & Tiberi, 2018; Wulf & Lewthwaite, 2016). The ventromedial prefrontal cortex 

(vmPFC) encodes confidence and value in choices based on the potential anticipated rewards and 

is co-activated with the ventral striatum during decision-making (Hebscher & Gilboa, 2016). The 

vmPFC may also mitigate fear-based responses from the amygdala, which can help support 

emotional regulation and increase resilience (Hiser & Koenigs, 2018; Murayama et al., 2015). 

Autonomy may also help the learner self-regulate negative affective responses when errors are 

made (Legault & Inzlicht, 2013). vmPFC activation may also be linked with a reduced stress 

response from the dorsal raphe nucleus in the brainstem, lowering cortisol levels and increasing 

active coping (Maier et al., 2019; Sinha et al., 2016). After stroke, SCP has the potential to 

support continued engagement in task practice, even when failure is experienced. 

SCP and autonomy-supportive interventions may also support cognitive engagement and 

information processing during task practice. Healthy subjects demonstrated increased EEG theta 

coherence and theta power during SCP when compared to those in the control condition, who did 
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not make choices related to their practice, suggesting that having control over practice conditions 

may elicit improvements in working memory and central executive activity (Jaquess et al., 2020, 

2021). In addition, it has been suggested that SCP may reduce cognitive workload in more 

difficult practice environments (Pathania et al., 2019). The potential cognitive benefits of SCP 

may be helpful for individuals after stroke, as reduced attentional capacities are associated with 

non-use of the affected arm (Buxbaum et al., 2020). Autonomy supportive interventions may 

therefore help support information processing and cognitive engagement for stroke survivors 

during task practice, thereby improving motor learning potential.  

Self-Controlled Practice and Stroke Rehabilitation 

SCP may be an important active ingredient in stroke rehabilitation interventions that are 

focused on improving skill acquisition and motor learning. Interventions that support intrinsic 

motivation, positive affect, and self-efficacy may elicit increased engagement in stroke 

rehabilitation interventions. Complex autonomy-supportive interventions for stroke have been 

shown to improve quality of life, accelerate UL recovery, and increase transfer of learning to 

untrained tasks (Fu et al., 2020; Lewthwaite et al., 2018; McEwen et al., 2015). Additionally, 

there is evidence that stimulating the dopaminergic rewards system during motor practice may 

improve motor learning and recovery after stroke (Quattrocchi et al., 2017; Widmer et al., 2022). 

Control over practice conditions may improve resilience and persistence during task practice 

(Hebscher & Gilboa, 2016; Hiser & Koenigs, 2018; Legault & Inzlicht, 2013; Leotti et al., 

2010). This is important as, after stroke, people have reported difficulty finding the motivation to 

incorporate their arm into daily activities, which may be due to repeated experiences of failure 

(Ballester et al., 2022b; Meadmore et al., 2019).  
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Although motivation is commonly recognized as an essential element in stroke 

rehabilitation (Kleim & Jones, 2008; Maier et al., 2019), the construct is rarely measured in 

interventions that are designed to enhance it (Rohrbach et al., 2019). Measuring the effect of SCP 

on intrinsic motivation, positive affect, and self-efficacy can help identify important targets for 

motor learning interventions. While motor learning research for stroke has often focused on how 

clinicians should structure practice for their patients, allowing stroke survivors to control aspects 

of their practice may help increase autonomy and engagement during participation in challenging 

and intensive interventions (Cools et al., 2019; Deci & Ryan, 2008). Incorporating choice into 

stroke rehabilitation interventions may also make practice more interesting and enjoyable, 

promoting continued persistence in the task (Deci & Ryan, 2008; Lewthwaite et al., 2018; 

Murayama et al., 2015). SCP is a relatively simple idea that could be incorporated into a variety 

of developing interventions for stroke rehabilitation if there is sufficient evidence to demonstrate 

that it improves motor learning. For instance, it could potentially enhance the effectiveness of 

rehabilitation interventions that use technology (e.g., active gaming, virtual reality, and robotics) 

by supporting intrinsic motivation and enhancing skill acquisition. 

2.5 Research Questions 

The purpose of this study was to examine the effect of SCP on motor learning and on 

psychological variables, including intrinsic motivation, positive affect, and self-efficacy for 

individuals with UL hemiparesis after stroke. This study may offer evidence that can be used to 

develop future interventions for stroke survivors with UL hemiparesis. The research questions 

for this study are: 

1. Does control over practice schedule (i.e. the order in which blocks of trials are 

performed) improve motor learning for individuals with UL hemiparesis after stroke?  
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a. Hypothesis 1: The experimental group, who will have control over the practice 

schedule while practicing a motor task for two days, will demonstrate greater 24-

hour retention of a trained motor task when compared to the control group, who 

will not have control over the practice schedule. 

b. Hypothesis 2: The experimental group will demonstrate greater immediate (10-

minute) and delayed (24-hour) transfer of learning during the performance of an 

untrained motor task when compared to the control group.  

2. Does control over practice schedule increase intrinsic motivation, positive affect, and 

self-efficacy for individuals with UL hemiparesis after stroke? 

a. Hypothesis 3: The experimental group will demonstrate greater intrinsic 

motivation, positive affect, and self-efficacy after practicing the motor task at the 

Day 2 post-test than the control group. 
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Chapter 3: Methods 

3.1 Study Design 

This study was designed to evaluate the effect of SCP on motor learning for individuals 

with UL hemiparesis after stroke. Participants were paired and randomized into experimental and 

control groups. Both groups practiced a functional motor task for two consecutive days with their 

more and less affected arms. The experimental group was given control over the practice 

schedule (the order in which blocks of trials were practiced with each arm), while the control 

group followed a pre-determined schedule based on choices made by the experimental group 

participant they were paired with. Outcomes were assessed on Day 1 before training (pre-test), 

on Day 2 after training (post-test), and on Day 3 (follow-up). This study was conducted in the 

research laboratory of the Department of Rehabilitation and Regenerative Medicine at Columbia 

University Irving Medical Center (CUIMC). The protocol was approved by the Columbia 

University Institutional Review Board (IRB-AAAU1704) and the Teachers College Institutional 

Review Board (IRB ID: 23-348). All procedures, including informed consent, were conducted in 

accordance with IRB policies and ethical guidelines.  

3.2 Participants 

Participants were adults with chronic (> 6 months) UL hemiparesis due to ischemic or 

hemorrhagic stroke. Inclusions/exclusion criteria was as follows: 

Inclusion Criteria: 

• Age 40-75 

• Chronic (>6 months) post-stroke UL hemiparesis 

• History of ischemic or hemorrhagic stroke 

• Box and Block Test (BBT) score of 3-60 on the affected side 
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• Intact index finger proprioception on affected side 

• Able to follow 2-step commands (Score of 0 on Item #1c of NIH Stroke Scale). 

• English speaking 

Exclusion Criteria 

• Severe neglect (Score of 2 on Item #11 of NIH Stroke Scale). 

• Pain in arm that limits movement or loss of functional range of movement (contracture) 

limiting participation in the task. 

• Inability to maintain independent sitting balance in a standard chair. 

• Inability to give informed consent. 

• Received a botulinum toxin injection in the UL within past 3 months. 

3.3 Baseline Assessments and Outcome Measures 

Motor Learning Outcomes 

General Set-Up. During the performance of all motor tasks, the participant was seated in 

a standard chair with feet placed flat on the floor. A seat cushion is provided if needed for the 

participant’s knees to be at a 90-degree angle. Table height was adjusted so that the participant’s 

elbow was at 90 degrees of flexion when the arm was resting on the table with the shoulder in a 

neutral position. Table height was recorded and kept consistent throughout all visits of the study.  

The Scooping Task. The primary outcome of this study was 24-hour retention of the 

Scooping Task, a functional motor task that participants practiced for two consecutive days. In 

this task, participants are asked to use a spoon to scoop beans from one cup to another in an 

anterior-posterior direction. This task has been previously described and tested with individuals 

with chronic UL hemiparesis after stroke (Schaefer et al., 2013). While formal reliability and 

validity testing was not completed, as it was not the purpose of the study, the authors 
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demonstrated that practicing the Scooping Task for five consecutive days (50 trials/day) lead to 

significant improvements in task performance and also led to significant improvement on an 

untrained transfer task (see section on the Modified Box and Block test). Two cups placed 

16.5cm apart were attached to a board, with the cup closest to the participant filled with 70 beans 

(See Figure 1). The board was stabilized on the table with Dycem and a weight to prevent 

sliding. The participant was asked to complete as many scoops of beans as possible within thirty 

seconds using a spoon with a built-up handle. The number of completed scoops in which at least 

one bean was transferred was recorded as the score of a trial. Detailed instructions on set-up and 

administration of the Scooping Task can be found in Appendix A. During the pre-test (Day 1), 

participants were asked to perform two 30-second trials with their less affected hand and five 30-

second trials with their more affected hand. Scores for the five trials performed with the more 

affected arm were then averaged to determine the score for the block of trials. During the 24-

hour retention test (Day 3), participants performed this procedure twice (two blocks). As in the 

pre-test, scores for the five trials completed with the more affected arm were averaged for each 

of the two blocks to determine a score for each block. 
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Figure 1 

Scooping Task Set-Up 

 

Note. This image depicts the set-up of the Scooping Task. 

Modified Box and Block Test (mBBT). A secondary motor learning outcome was 

immediate (10-minute) and delayed (24-hour) transfer of an untrained motor task. A modified 

version of the Box and Block test (mBBT) was used to assess transfer of learning after practice 

of the Scooping Task. This task was previously studied and was used to demonstrate that practice 

of the Scooping Task can transfer to improvements on an untrained motor task for individuals 

with chronic stroke (Schaefer et al., 2013). The mBBT is adapted from the Box and Block test 

(BBT; Mathiowetz et al., 1985). The BBT is a standardized assessment of manual dexterity that 

is valid, reliable, and responsive to change for the stroke population (Chen et al., 2009; Lin et al., 

2010). In the mBBT, the apparatus for the Box and Block test is turned in an anterior-posterior 

direction in midline with the participant’s body, rather than a mediolateral direction as in the 

standardized test (See Figure 2). This orientation is similar to the Scooping Task, and both tasks 

were previously shown to be kinematically similar (Schaefer et al., 2013). During the mBBT, the 

participant is asked to transfer as many cubes as they can across the partition of the box, away 
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from their body, within 30 seconds. See Appendix A for detailed instructions on administration 

of the mBBT. During the pre-test (Day 1), participants were asked to perform two 30-second 

trials with their less affected hand and five 30-second trials with their more affected hand. 

During both the immediate (10-minute) transfer test on Day 2 and the delayed (24-hour) transfer 

test on Day 3, participants were asked to perform two blocks of the same procedure. Similarly to 

the Scooping Task, scores for each of the five trials completed with the more affected arm within 

a block were averaged to determine a score. 

Figure 2 

Modified Box and Block Test (mBBT) Set-Up 

 

Note. This image depicts the set-up of the modified Box and Block Test (mBBT). 

Psychological Outcomes 

Self-Assessment Manikin (SAM). The valence subscale of the SAM was used to 

measure positive affect (Bradley & Lang, 1994). This subscale has five pictures of figures with 

facial expressions that progress from smiling to frowning. Participants select their current mood 

using a nine-point scale (See Appendix B). Bradley and Lang (1994) found a strong correlation 

(r = .97) between the valence subscale of the SAM and the pleasure factor of the Semantic 
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Differential scale, which consists of opposite adjective pairs (e.g., unhappy-happy, annoyed-

pleased, etc.) with healthy subjects, demonstrating concurrent validity. Reliability is difficult to 

demonstrate with this scale because self-reported emotional states are dynamic, but Bradley and 

Lang (1994) found that scores collected via pen and paper were strongly related to those 

collected by computer (r = .99), demonstrating the stability of the measure (Perse, 2009). 

Although reliability and validity have not been assessed with the stroke population, Novak and 

colleagues (2010) found that the valence subscale of the SAM was positively correlated with 

better performance on a virtual reality UL task for individuals with chronic stroke. Additionally, 

Wulf and colleagues (2018) used this subscale to measure positive affect in a motor learning 

study. They found that participants who were allowed to make task-irrelevant choices during 

motor practice had significantly higher positive affect after the practice phase than those in the 

yoked control group. They found that this measure also significantly predicted performance on 

the retention test, which explained 25% of the variance. In the study presented in this 

dissertation, the valence subscale of the SAM was administered at pre-test (Day 1), post-test 

(Day 2), and follow-up (Day 3). 

Scooping Task Appraisal Scale (STAS). Self-efficacy for performance of the Scooping 

Task was measured using the Scooping Task Appraisal Scale (See Appendix C). This scale was 

developed for this study based on Bandura’s guide for creating self-efficacy scales (Bandura, 

2006). However, one change was made. Bandura’s guide suggests having all participants rate 

their confidence in obtaining the same previously determined scores (e.g. 5, 10, 15, etc.). For this 

study, it was anticipated that participants would have varying levels of arm impairment, and we 

did not want self-efficacy scores to be lower for those with lower baseline levels of arm function. 

Thus, participants were asked to rate their confidence in attaining scores that were related to their 
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performance during practice. Specifically, participants were given their median score, their 

maximum score, and a “max-plus” score [(max – median)/2 + max] of all the practice trials that 

were completed over two days. They were then asked to rate their confidence in attaining each of 

these scores using a 10-point Likert scale on post-test (Day 2) and follow-up (Day 3). The “max-

plus” score was rated to gauge participants’ confidence in obtaining a better score than they had 

in during practice (i.e., to determine if they anticipated that their performance would continue to 

improve). Participants were not told how these three scores (median, maximum, and max-plus) 

were related to their performance during practice, but they were told their maximum and 

minimum scores following each block of trials during the practice phase as well as their overall 

minimum and maximum scores for each day of practice. This was done so that participants 

would have a general idea of their performance on the task when rating their self-efficacy.  

Intrinsic Motivation Inventory (IMI). The Intrinsic Motivation Inventory measures 

participants’ subjective experience when practicing a task (Ryan, 1982; McAuley et al., 1989). 

McAuley et al. (1989) investigated the psychometric properties of the IMI in a competitive 

sports setting using confirmatory factor analysis, and found adequate model fit and reliability. 

Although formal reliability and validity testing has not been conducted with the stroke 

population, Verrienti and colleagues (2023) found that the IMI is the most commonly used 

measure of motivation in stroke rehabilitation interventions. The IMI has six subscales that are 

each scored independently: interest/enjoyment, perceived competence, perceived choice, 

pressure/tension, value/usefulness, and effort/importance. The “interest/enjoyment” subscale is 

the measure of intrinsic motivation. The “perceived competence” and “perceived choice” 

subscales are thought to be positively related to intrinsic motivation, while the “pressure/tension” 

subscale is thought to be negatively related to intrinsic motivation (Self-Determination Theory, 
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n.d.). The “value/usefulness” and “effort/importance” are not measures of intrinsic motivation; 

rather, these variables are related to extrinsically motivating activities that are autonomous (i.e., 

motivation that is based on the individual’s personal values; Sanli et al., 2013).  

The complete IMI includes 45 total items that can be individually selected by the 

researcher based on the needs of the study (Self-Determination Theory, n.d.). The 28-item 

instrument used for this study has items from each of the six subscales (interest/enjoyment – 7 

items; perceived competence – 5 items; perceived choice – 5 items; pressure/tension – 5 items; 

value/usefulness – 3 items; effort/importance – 3 items). Twenty-two of the items were taken 

from a version of the IMI called the Task Evaluation Questionnaire, which uses four of the six 

subscales (interest/enjoyment, perceived competence, pressure/tension, perceived choice; Self-

Determination Theory, n.d.). The remaining six questions were added to represent 

effort/importance and value/usefulness subscales based on an instrument used by Rowe and 

colleagues (2017). Responses are rated on a 7-point Likert scale. All items in each subscale are 

then averaged to determine a score for the subscale. The IMI was administered at the post-test on 

Day 2 following practice. 

Screening and Baseline Characterization Assessments 

The following assessments were administered for screening and baseline characterization. 

Box and Block Test (BBT).  The Box and Block Test (Mathiowetz et al., 1985) is a test 

of manual dexterity with excellent test-retest reliability for individuals with chronic stroke (Chen 

et al., 2009). The BBT is responsive to change and has been shown to be a valid measure of UL 

dexterity for the stroke population (Lin et al., 2010). Participants are asked to transfer as many 

cubes as they can from one side of a box to the other within one minute using a standardized 
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apparatus in a mediolateral direction (Mathiowetz et al., 1985). This measure was used for 

screening and stratification in this study. 

Geriatric Depression Scale-Short Form (GDS-SF).  The 30-item Geriatric Depression 

Scale is a valid and reliable screening tool for depression with individuals after stroke (Sivrioglu 

et al., 2009; Yesavage et al., 1982). This study used the short form of the Geriatric Depression 

Scale, which is a 15-item depression screening tool with yes/no items. Rasch analysis of the 

GDS-SF found adequate unidimensionality (Chiang et al., 2009). 

Comprehensive Trail-Making Test – Second Edition (CTMT2). CTMT2 is a test of 

executive function that involves the administration of five trail-making tasks that are intended to 

measure two different factors: inhibitory control (Trails 1-3) and set-shifting (Trails 4-5) 

(Reynolds, 2020). CTMT2 is a norm-reference test that was developed based on the original 

Trail Making Test. Trail 1 resembles Trail A, and Trail 5 resembles Trail B of the original test. 

Norms for the CTMT2 were developed based on a sample of 1904 individuals living in the 

United States (Reynolds, 2020). Confirmatory factor analysis was used to demonstrate an 

excellent fit for the two-factor model with adults (Riccio et al., 2013). 

Modified Ashworth Scale (MAS). The MAS is an assessment of spasticity and has been 

found to have excellent convergent validity with the Fugl-Meyer and the BBT for individuals 

with chronic stroke (Bohannon & Smith, 1987; F. M. Lin & Sabbahi, 1999).  

Sleep Condition Indicator (SCI).  The SCI is an 8-item questionnaire designed to screen 

for sleep disturbance and insomnia with internal consistency and convergent validity (Espie et 

al., 2014). Although formal reliability and validity testing has not been conducted with the stroke 

population, the SCI was used to demonstrate that stroke survivors had worse self-reported 
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insomnia than healthy controls, and poorer SCI scores were also associated with greater 

depression (Fleming et al., 2021). 

3.4 Procedures 

Recruitment, Screening, and Baseline Characterization 

Participants were recruited from the community through a local stroke research registry, 

flyers posted in outpatient practices at CUIMC, and referrals from rehabilitation professionals in 

New York. Individuals who expressed interest in the study were asked pre-screening questions 

over the phone about their age, date of stroke, ability to move more affected arm (lift arm off the 

table and reach forward; grasp and release a washcloth with hand), history of UL botulinum 

toxin injections, and arm pain limiting ability to move. If the pre-screening requirements were 

met, then an in-person screening session was scheduled. After obtaining written informed 

consent, participants were screened for inclusion in the study with the following measures: BBT 

(Mathiowetz et al., 1985), clinical assessment of finger proprioception, and items #1C (following 

2-step commands) and #11 (extinction and inattention) on the NIH Stroke Scale (Goldstein et al., 

1989). Participants who met inclusion criteria also completed following baseline assessments, 

which were administered to characterize the sample: GDS (Yesavage et al., 1982); CTMT2 

(Riccio et al., 2013); MAS (Bohannon & Smith, 1987); and SCI (Espie et al., 2014).  

Randomization and Blinding 

Participants were stratified into two groups according to BBT scores (Low: 3-20, High: 

21-60). Once two participants were accrued in a stratum, they were paired. Each participant in 

the pair was then randomized into either experimental or control group by a research team 

member who was not involved with evaluation or intervention. Research participants were 

blinded to the overall purpose of the study and were not informed of the difference between the 
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groups. Participants were debriefed after the completion of study procedures in accordance with 

IRB policies. Outcome assessors were blinded to group allocation. 

Assessment and Training Timeline 

 After randomization, participants were scheduled to attend in-person research sessions 

for three consecutive days. This involved a pre-test on Day 1, a practice phase on Days 1 and 2, a 

post-test on Day 2 following practice, and a follow-up test on Day 3 (See Table 1). 
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Table 1 

Study Procedures for Three Consecutive Days 

Day 1  Day 2  Day 3  

Pre-Test 

SAM  

Scooping Task 
Less affected (2 trials) 
More affected (5 trials) 

mBBT 
Less affected (2 trials) 
More affected (5 trials) 

 
Practice Phase 

Scooping Task  
Less affected – 20 trials  
(2 trials x 10 blocks) 
More affected – 50 trials  
(5 trials x 10 blocks)  

Practice Phase  

Scooping Task  
Less affected – 20 trials  
(2 trials x 10 blocks) 
More affected – 50 trials  
(5 trials x 10 blocks) 

 
Post-Test 

SAM 

IMI 

STAS 

mBBT (ITT) 
Block 1 

Less affected (2 trials) 
More affected (5 trials) 

Block 2 
Less affected (2 trials) 
More affected (5 trials)  

Follow-Up 

SAM 

STAS 

Scooping Task (RT) 
Block 1 

Less affected (2 trials) 
More affected (5 trials) 

Block 2 
Less affected (2 trials) 
More affected (5 trials)  

mBBT (DTT) 
Block 1 

Less affected (2 trials) 
More affected (5 trials) 

Block 2 
Less affected (2 trials) 
More affected (5 trials)  

Note. DTT = delayed transfer test. IMI = Intrinsic Motivation Inventory. ITT = immediate 

transfer test. mBBT = modified Box and Block Test. RT = retention test. SAM = Self-

Assessment Manikin (valence subscale). STAS = Scooping Task Appraisal Scale. 

Data Collection 

Outcomes were collected at three time points: pre-test (Day 1), post-test (Day 2), and 

follow-up (Day 3). Outcomes were evaluated by two trained assessors who were blinded to 

group allocation. Both assessors demonstrated proficiency in administering the assessments, and 

inter-rater reliability with assessment administration was confirmed. See Appendix A for the 

Blinded Assessor Manual. 
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Retention Test (24-Hour). The primary outcome of this study was retention of the 

Scooping Task. Performance of the Scooping Task was assessed on Day 1 before practice (pre-

test) and on Day 3 (24-hour retention test).  

Immediate (10-Minute) and Delayed (24-Hour) Transfer of Learning. The mBBT 

was used to measure transfer of learning on an untrained task. Performance on the mBBT was 

assessed on Day 1 before practice (Pre-Test). Immediate (10-minute) transfer of learning was 

assessed on Day 2 after the completion of the practice phase. Delayed (24-hour) transfer of 

learning was assessed on Day 3.  

Psychological Assessments.  Participants rated their mood on Day 1 before practice, on 

Day 2 after practice, and on Day 3 before completing the motor assessments using the valence 

subscale of the SAM. The STAS was administered on Day 2 after practice and on Day 3 before 

completing the motor assessments. The IMI is administered on Day 2 following completion of 

practice. 

Practice Phase 

Following the pre-test on Day 1, participants in both groups practiced the Scooping Task 

for two consecutive days. Each day, participants completed 50 trials (10 blocks of 5 trials) with 

their more affected arm and 20 trials (10 blocks of 2 trials) with their less affected arm. Each trial 

was 30-seconds. The number of successful repetitions within 30 seconds was counted. During 

practice, twenty cards (10 yellow, 10 blue) were laid on the table to represent each of the practice 

blocks. Yellow cards represented a block of trials with the more affected limb, while blue cards 

represented a block of trials with the less affected limb (See Figure 3). 

Experimental Versus Control Groups. Each participant in the control group was paired 

with a participant in the experimental group. Participants in the experimental group chose the 
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order they practiced blocks of trials by selecting either a yellow card or a blue card before each 

block until all twenty blocks were completed. The control group performed the same number of 

blocks but were not given a choice in the order that they practiced the blocks. Rather, the 

researcher selected the card based on a pre-determined order that was selected by their 

counterpart in the experimental group. Participants in the control group were yoked to the 

choices made by the experimental group in order to control for the variation in order among 

experimental group participants. See Appendix E for the Intervention Script. 

Figure 3 

Practice Phase Set-Up 

 

Note. This image depicts the set-up of the Scooping Task during the practice phase. Yellow cards 

represent blocks of trials performed with the more affected arm, and blue cards represent block 

of trials performed with the less affected arm.  

3.5 Data Analysis 

Data were analyzed with IBM SPSS Statistics 28. Descriptive statistics were calculated 

for all data. Demographic and baseline clinical characteristics were analyzed to determine if 
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there are baseline imbalances between groups. The Shapiro-Wilk test of normality found that 

data from motor learning outcomes (Scooping Task and mBBT) were not normally distributed (p 

< .05). Therefore, nonparametric statistical analysis was used. Within group changes on 

performance of the Scooping Task and mBBT were calculated using the Wilcoxon signed-rank 

test. Pre-test scores were compared with Block 1 and Block 2 of the retention test, the immediate 

transfer test, and the delayed transfer test to determine if there were significant changes on the 

outcomes for each group. Between-group differences in change from the pre-test to each block of 

the retention, immediate transfer, and delayed transfer tests were also calculated using the 

Wilcoxon signed-rank test. The Wilcoxon signed-rank test was selected to analyze between-

group differences to account for the matched pairs, as both participants within a pair completed 

the same practice schedule. The Wilcoxon signed-rank test was also used to determine between-

group differences on the Self-Assessment Manikin, Scooping Task Appraisal Scale, and each 

subscale of the Intrinsic Motivation Inventory. Effect sizes for non-parametric data were 

calculated using Pearson’s r (𝑟 = 𝑍/√𝑁). Effect sizes based on Pearson’s r were interpreted 

based on Cohen’s (1992) definitions: small (0.10), medium (0.30), and large (0.50). Associations 

between change in motor learning outcomes and psychological variables were also explored 

using Spearman’s rank-order correlation, and significant correlations were reported. Significant 

correlations were interpreted based on the “rule of thumb” described by Prion and Haerling 

(2014): negligible (0 to ±0.20); weak (±0.21 to ±0.40); moderate (±0.41 to ±0.60); strong (±0.61 

to ±0.80); and very strong (±0.81 to ±1.00). Associations between baseline measures (Scooping 

Task, mBBT, and SAM), and IMI subscales were also explored. Significance level was set at 

0.05 (2-sided) for all statistical tests.   
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Chapter 4: Results 

A Consort Flow Diagram can be found in Figure 4. Twenty-eight individuals were 

screened for inclusion in the study. Of these individuals, seven did not meet inclusion criteria 

and two declined to participate following the screening visit. Nineteen individuals were included 

in the study. Three of these participants did not complete study procedures. Two participants 

were unable to complete the practice phase of the study due to insufficient arm function. One of 

these participants was randomized to the EG, and their partner (who was originally randomized 

to the CG) was then re-paired and was re-randomized to the EG to be able to participate in the 

study. When this participant was also unable to complete the study due to insufficient arm 

function, the participant they were paired with in the CG was unable to receive the intervention 

due to lack of a partner.  

4.1 Participant Characteristics 

A total of sixteen participants completed the study (EG, n=8; CG, n=8) and were 

included in the analysis. Sample characteristics can be found in Table 2. The only significant 

difference between groups was elbow flexor spasticity measured with the Modified Ashworth 

Scale (p <.001). The EG had significantly greater baseline elbow flexor spasticity (Median = 1+) 

than the CG (Median = 1). However, baseline elbow flexor spasticity was not significantly 

correlated with change on any of the motor learning outcome measures (p > 0.05). The EG 

included only one female and seven males, while the CG was evenly balanced between genders 

(4 females, 4 males). Both groups included participants from different racial and ethnic 

backgrounds and were evenly balanced for type of stroke and hand dominance. In the EG, 3 

participants were right hand-affected, while 5 were left arm-affected; in the CG, 4 participants 

were right arm-affected, while 4 were left arm-affected. 
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Figure 4 

Consort Flow Diagram 

 

Note. Consort flow diagram. *One participant was initially randomized to the control group 

(CG), but the matched participant in the experimental group (EG) was unable to complete the 

intervention. They were then re-paired and randomized to the EG. The numbers shown reflect 

this second allocation to the EG. This participant was also unable to complete the study, so the 

participant they were re-paired with in the CG did not receive the intervention.  

  



 
 

38 

Table 2 

Baseline Sample Characteristics  

Baseline Characteristic  EG (n=8) CG (n=8) p-value 

Age in years, mean (SD) 54.50 (6.09) 57.63 (9.50) 
 

.449a 

Gender 1 Female 
7 Male 

4 Female 
4 Male 
 

.282b 

Race/Ethnicity 1 Black 
1 Black/Hispanic 
4 White 
2 Undisclosed 

1 Asian 
2 Black 
3 White 
2 Multiple/Hispanic 
 

N/A 

Months post-stroke, mean (SD) 146.13 (165.39) 
 

135.88 (78.06) .877a 

Stroke type  7 Ischemic 
1 Hemorrhagic 

7 Ischemic 
1 Hemorrhagic 
 

1.00b 

Affected arm 3 Right  
5 Left 

4 Right 
4 Left 
 

1.00b 

Hand dominance 7 Right 
1 Left 

7 Right 
1 Left 
 

1.00b 

BBT Score (more affected), mean (SD) 
 

29.25 (11.11) 28.50 (12.98) .903a 

SCI Score, mean (SD) 
 

23.50 (7.21) 23.50 (9.34) 1.00a 

GDS Score, mean (SD) 
 

3.13 (3.04) 3.38 (2.50) .860a 

CTMT2 ICI T-Score, mean (SD) 
 

40.00 (12.22) 36.63 (15.59) .638a 

CTMT2 SSI T-Score, mean (SD) 
 

40.50 (13.90) 31.63 (11.81) .191a 

CTMT2 TCI T-Score, mean (SD) 
 

39.75 (12.49) 34.5 (13.65) .436a 

MAS (elbow flexors), median (SD) 1+ (0.54) 1 (0.52) <.001c 

 
Note. SD = standard deviation. P-values are 2-sided significance of between group comparisons 

using a) Welch’s t-test or b) Fisher’s exact test or c) Mann-Whitney U test. BBT = Box and 

Block Test. SCI = Sleep Condition Indicator. GDS = Geriatric Depression Scale. CTMT2 = 

Comprehensive Trail Making Test, Second Edition. ICI = Inhibitory Control Index. SSI = Set-

Shifting Index. TCI = Total Composite Index. MAS = Modified Ashworth Scale. 
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4.2 Motor Learning Outcomes 

Primary Outcome (Scooping Task) 

 The Scooping Task was administered on Day 1 (1 block of 5 trials) and on Day 3 (2 

blocks of 5 trials) to measure 24-hour retention of the trained task for the more affected arm. 

Each block of 5 trials was averaged to determine a score. Each group’s performance on the 

Scooping Task can be seen in Figure 5. 

Figure 5 

Group Performance on 24-Hour Retention of the Scooping Task 

 

Note. This figure demonstrates group performance on the Scooping Task with the more affected 

arm at the pre-test (Day 1) and both blocks of the 24-hour retention test (Day 3). Each block of 5 

trials was averaged to get a score. Group means are shown with error bars indicating the standard 

error. Pre = Day 1 pre-test; Ret = Day 3 24-hour retention test; B1 = Block 1; B2 = Block 2. 
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Within-Group Changes. Within-group changes between the pre-test and each block of 

the retention test were calculated for each group. Both groups demonstrated significant 

improvements, and all eight participants in both the EG ad CG increased the number of 

completed scoops from pre-test to Block 1 and Block 2 of the retention test (see Table 3). For the 

EG, there was a median increase of 2.7 scoops from the pre-test (Median = 8.9) to Block 1 of the 

retention test (Median = 11.6), z = 2.54, p = .011, as well as a median increase of 3.5 scoops 

from the pre-test (Median = 8.9) to Block 2 of the retention test (Median = 12.6), z = 2.52, p = 

.012. The CG demonstrated a median increase of 3.5 scoops from the pre-test (Median = 7.7) to 

Block 1 of the retention test (Median = 9.9), z = 2.52, p = .012, as well as a median increase of 

3.2 scoops from the pre-test (Median = 7.7) to Block 2 of the retention test (Median = 10.6), z = 

2.52, p = .012. 

Within-group changes between Block 1 and Block 2 of the retention test were also 

calculated. Six participants in the EG increased the number of completed scoops between blocks 

while two participants completed fewer; there was no significant increase in number of scoops 

(Median = .5), z = 1.56, p = .120. In the CG, three participants completed more scoops at Block 

2, while five participants completed fewer scoops; there was no significant increase in number of 

scoops (Median = -.2), z = -.07, p = .943. 

Between-Group Differences. Differences between groups in change in number of 

scoops from pre-test to Block 1 and Block 2 of the retention test were also calculated (see Table 

3). There was no difference in change from the pre-test to Block 1 of the retention test (Median = 

-.8 scoops) between the EG (Median = 2.7 scoops) and CG (Median = 3.5 scoops), z = -.70, p = 

.483. For five pairs, the CG participant had more improvement, while for three pairs, the EG 

participant had more improvement. There was also no difference in change from the pre-test to 
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Block 2 of the retention test (Median = .2 scoops) between EG (Median = 3.5 scoops) and CG 

(Median = 3.2 scoops), z = .70, p = .482. For six pairs, the EG participant had greater 

improvement, while for two pairs, the CG participant improved more. There were no differences 

between EG and CG on change between Blocks 1 and 2 of the retention test, z = .63, p = .528; in 

four pairs, the EG participants completed more scoops, while in the other four pairs, the CG 

participant completed more scoops. 

Secondary Outcome (mBBT) 

 Immediate (10-minute) and delayed (24-hour) transfer of learning to an untrained task 

were measured using the mBBT. The mBBT was administered on Day 1 (pre-test; 1 block of 5 

trials), Day 2 (immediate transfer test; 2 blocks of 5 trials), and Day 3 (delayed transfer test; 2 

blocks of 5 trials). Each block of 5 trials was averaged to determine a score. Each group’s 

performance on the mBBT can be seen in Figure 6.  
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Figure 6 

Group Performance on Immediate and Delayed Transfer of Learning Tests 

 

Note. This figure shows group performance on the modified Box and Block Test with the more 

affected arm at the pre-test, the Day 2 immediate (10-minute) transfer test, and the Day 3 delayed 

(24-hour) transfer test. Each block of 5 trials was averaged to determine a score. Group means 

are shown with error bars indicating the standard error. Pre = pre-test; IT = immediate transfer 

test; DT = delayed transfer test; B1 = block 1; B2 = block 2. 

Within-Group Changes. Within-group changes between the pre-test and each block of 

the immediate and delayed transfer tests were calculated for each group (see Table 3).  

Immediate Transfer Test. For the immediate transfer test on Day 2 following practice, 

the EG did not demonstrate significant improvement in number of transferred cubes (Median = 

0.70) from the pre-test (Median = 21.0) to Block 1 (Median = 21.0), z = 1.183, p = .237; five 

participants in the EG increased the number of transferred cubes, two transferred fewer cubes, 
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and one did not change. However, there was a significant median improvement in number of 

transferred cubes (Median = 1.5) from the pre-test (Median = 21.0) to Block 2 of the immediate 

transfer test (Median = 22.2), z = 2.03, p = .043; six participants increased the number of 

transferred cubes, one transferred fewer cubes, and one did not change. The CG demonstrated 

significant improvement from pre-test to both Block 1 and Block 2 of the immediate transfer test. 

There was a significant median change in number of transferred cubes (Median = 1.2) from the 

pre-test (Median = 15.3) to Block 1 (Median = 15.9), z = 2.20, p = .028; six participants in the 

CG increased the number of transferred cubes, one transferred fewer cubes, and one did not 

change. For the second block of trials, there was also a significant median increase in number of 

transferred cubes (Median = 1.1) from the pre-test (Median = 15.3) to Block 2 (Median = 16.2), z 

= 2.53, p = .012, and all eight participants in the CG improved from their scores on the pre-test. 

Within-group changes between Block 1 and Block 2 of the immediate transfer test were 

also calculated. Seven participants in the EG transferred more cubes at Block 2 while one 

participant completed fewer; there was a significant median increase in number of transferred 

cubes between Blocks 1 and 2 (Median = .6), z = 1.97, p = .049. In the CG, three participants 

transferred more cubes at Block 2, four participants transferred fewer cubes, and one transferred 

the same number of cubes. There was no significant difference between blocks (Median = -.1), z 

= -.26, p = .798. 

 Delayed Transfer Test. For the delayed transfer test on Day 3, both the EG and the CG 

significantly improved at both Blocks 1 and 2 from the pre-test. For the EG, there was a 

significant change in number of transferred cubes (Median = 1.9) from the pre-test (Median = 

21.0) to Block 1 of the delayed transfer test (Median = 22.7), z = 2.12, p = .034; six participants 

in the EG increased the number of transferred cubes, one transferred fewer cubes, and one did 
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not change. There was also a significant change in number of transferred cubes (Median = 1.5) 

from the pre-test (Median = 21.0) to Block 2 (Median = 22.9), z = 2.38, p = .017; seven 

participants increased the number of transferred cubes, and one transferred fewer cubes. For the 

CG, all eight participants improved from the pre-test to both Block 1 and Block 2. There was a 

significant increase in number of scoops (Median = 1.4) from the pre-test (Median = 15.3) to 

Block 1 (Median = 16.1), z = 2.52, p = .012, and from the pre-test to Block 2 (Median = 16.1), z 

= 2.52, p = .012. 

Within-group changes between Block 1 and Block 2 of the delayed transfer test were also 

calculated. Five participants in the EG transferred more cubes at Block 2 while three participants 

transferred fewer cubes; overall, there was no significant increase in number of transferred cubes 

between Blocks 1 and 2 (Median = .6), z = 1.40, p = .161. In the CG, four participants 

transferred more cubes at Block 2, and four participants transferred fewer cubes. There also was 

no significant difference between blocks (Median = 0.0), z = 0.00, p = 1.000. 

Between-Group Differences. Differences between groups in change in number of 

transferred cubes from pre-test to Block 1 and Block 2 of the immediate transfer test and the 

delayed transfer test were also calculated (see Table 3).  

Immediate Transfer Test. There was no significant difference in change from the pre-test 

to Block 1 of the immediate transfer test (Median = -1.2 cubes) between EG (Median = .7 cubes) 

and CG (Median = 1.2 cubes), z = -.98, p = .327. For three pairs, the EG participant had more 

improvement, while for five pairs, the CG participant had more improvement. There was also no 

difference in change from pre-test to Block 2 (Median = -.4 cubes) between EG (Median = 1.5 

cubes) and CG (Median = 1.1 cubes), z = .56, p = .574; for four pairs, the EG participant had 

more improvement, while for four pairs, the CG participant had more improvement. There was a 
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significant difference between the EG and the CG on change between Blocks 1 and 2, z = 2.32, p 

= .021; for seven pairs, the EG participant improved more, while for one pair, the CG participant 

improved more. 

Delayed Transfer Test. There was also no significant difference in change from the pre-

test to Block 1 of the delayed transfer test (Median = .3 cubes) between EG (Median = 1.9 cubes) 

and CG (Median = 1.4 cubes), z = .14, p = .889. The EG participant improved more in four of 

the pairs, while the CG participant improved more in four pairs. Similarly, there was also no 

difference in change from pre-test to Block 2 (Median = .6 cubes) between EG (Median = 1.5 

cubes) and CG (Median = 1.4 cubes), z = .70, p = .482; the EG participant improved more in five 

of the pairs, while the CG participant improved more in three pairs. There was also no significant 

difference between the EG and the CG on change between Blocks 1 and 2, z = 1.27, p = .205; for 

five pairs, the EG participant improved more, while for three pairs, the CG participant improved 

more. 

 



Table 3 

Motor Learning Outcome Results  

 Within-group changes 
Mean (SD) – Median [95% CI for the mean] 

Between-group differences  
p-values, Pearson’s r 

 Pre-test Post-test  
B1 

Change from  
pre-test to B1 

p-values Post-test  
B2 

Change from 
pre-test to B2 

p-values Change from 
pre-test to B1 

Change from 
pre-test to B2 

Retention Test (Scooping Task) 
EG 
 

8.05 (4.08) – 8.9 
[4.64, 11.46] 

10.98 (4.48) – 11.6 
[7.22, 14.72] 

2.93 (1.47) – 2.7 
[1.69, 4.16] 

.011 11.40 (4.33) – 12.6 
[7.77, 15.02] 

3.35 (1.26) – 3.5 
[2.29, 4.41] 

.012 p = .483, 
r = -.247 

p = .482, 
r = .247 

CG 8.30 (2.57) – 7.7 
[6.15, 10.45] 

11.45 (3.20) – 9.9  
[8.77, 14.13] 

3.15 (1.22) – 3.5 
[2.13, 4.17] 

.012 11.55 (3.13) – 10.6 
[8.94, 14.16] 

3.25 (1.44) – 3.2 
[2.05, 4.45] 

.012 

Immediate Transfer Test (mBBT) 
EG 17.13 (7.66) – 21.0 

[10.72, 23.53] 
17.83 (7.58) – 21.0 
[11.48, 24.16]  

0.70 (1.72) – 0.70 
[-.74, 2.14] 

.237 18.8 (7.86) – 22.2 
[12.01, 25.14] 

1.45 (1.49) – 1.5 
[0.20, 2.70] 

.043 p = .327, 
r = -.346 

p = .574, 
r = .198 

CG 15.88 (8.14) – 15.3 
[9.07, 22.68] 

17.25 (8.17) – 15.9 
[10.42, 24.08] 

1.38 (1.19) – 1.2 
[0.37, 2.37] 

.028 17.20 (8.17) – 16.2 
[10.37, 24.3] 

1.33 (0.73) – 1.1 
[.71, 1.94] 

.012 

Delayed Transfer Test (mBBT) 
EG (See immediate 

transfer test above 
for mBBT pre-test 
score*) 

18.75 (8.24) – 22.7 
[11.86, 25.64] 

1.63 (1.51) – 1.9  
[0.36, 2.89] 

.034 19.33 (8.82) – 22.9 
[11.95, 28.70] 

2.20 (2.20) – 1.5 
[0.36, 4.04] 

.017 p = .889, 
r = .049 

p = .482, 
r = .247 

CG 17.33 (8.28) – 16.1 
[10.40, 24.25] 

1.45 (0.78) – 1.4 
[0.80, 2.10] 

.012 17.33 (8.30) – 16.1 
[10.38, 24.27] 

1.45 (0.92) – 1.4 
[0.68, 2.22] 

.012 

 
Note: N = 16 (EG, n = 8; CG, n = 8). Wilcoxon signed-rank tests were used to determine within-group changes for each group from pre-test to Block 1 and 2 of 

the retention test, immediate transfer test, and delayed transfer test. The Scooping Task was used to assess 24-hour retention on Day 3, and the modified Box and 

Block Test (mBBT) was used to assess immediate transfer on Day 2 and delayed transfer on Day 3. Wilcoxon signed-rank tests were also used to determine 

between-group differences for each block of trials. Significant p-values (2-sided) are in bold (p < .05). Effect sizes for between-group differences were calculated 

using Pearson’s r (𝑟 = 𝑍/√𝑁). SD = standard deviation; B1 = Block 1; B2 = Block 2; EG = experimental group; CG = control group; mBBT = modified Box 

and Block Test. *Both the immediate and delayed transfer tests used the mBBT. The mBBT pre-test is shown in the immediate transfer test section of the table.
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4.3 Psychological Outcomes 

Positive Affect 

 The valence subscale of the Self-Assessment Manikin Scale was used to measure positive 

affect at the Day 1 pre-test, Day 2 post-test, and Day 3 follow-up. Lower scores indicate more 

positive affect. No significant differences were found between groups on rating of positive affect 

at the Day 1 pre-test, Day 2 post-test, or Day 3 follow-up (see Table 4). At the pre-test, the EG 

participant had more positive affect in three of the pairs, while the CG participant had more 

positive affect in five of the pairs. A median baseline difference of 1.0 between the groups was 

not significant. Similarly, at the post-test on Day 2, the EG participant had more positive affect 

in three pairs, the CG participant had more positive affect in four pairs, and one pair had the 

same rating of affect with a median difference of 0.5. At Day 3, the median difference between 

groups was 0.0. In two pairs, the EG participant had more positive affect, in two pairs the CG 

participant had more positive affect, and four pairs had the same rating of affect. 

 In the EG, there was a non-significant trend towards increased positive affect from the 

Day 1 pre-test to the Day 2 post-test, z = 1.73, p = .083; three participants increased in positive 

affect while five did not change. In the CG, this trend was not seen, z = -.56, p = .577; one 

participant had more positive affect, three had more negative affect, and four did not change. 

There was no difference between groups on change in mood from the Day 1 pre-test to the Day 2 

post-test, z = 1.09, p = .276; in four pairs, the EG participant had increased positive affect, in one 

pair, the CG participant had increase positive affect, and three pairs had no change in affect. A 

moderate effect size favored the EG, r = .385. See Figure 7 for box plots of results.  
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Table 4 

Self-Assessment Manikin Results 

SAM EG (n=8) CG (n=8) Z Pearson’s r p 

Day 1 Pre-Test 2.5 (4) 1.5 (2) 0.95 .336 .343 

Day 2 Post-Test 1.5 (4) 2.0 (3) 0.34 .120 .732 

Day 3 Follow-Up 2.5 (4) 3.0 (2) 0.55 .194 .581 

 
Note. Group medians (interquartile range) are reported for each rating. Lower scores indicate 

more positive affect. Wilcoxon signed rank tests were used to determine differences between 

groups. Z-scores, Pearson’s r (effect sizes), and p-values (2-sided) are reported. The Self-

Assessment Manikin can be found in Appendix B. EG = experimental group; CG = control 

group; SAM = Self-Assessment Manikin. 

Figure 7  

Box Plots of Ratings of Mood on the Self-Assessment Manikin Scale 

 

Note. Box plots are shown for each rating of mood on the Self-Assessment Manikin scale at Day 

1, Day 2, and Day 3. Lower scores indicate more positive affect. 
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Self-Efficacy 

 Self-efficacy was measured using the Scooping Task Appraisal Scale (STAS) at the Day 

2 post-test and the Day 3 follow-up. Participants rated their confidence in attaining their median, 

maximum, and max-plus [(max – median)/2 + max] scores from the practice phase. No 

differences were found between groups on any of the self-efficacy ratings (see Table 5). Box 

plots of confidence ratings can be found in Figure 8. 

Day 2 Self-Efficacy. There was no difference (Median = .5) on self-efficacy ratings for 

the median score of the Scooping Task. The EG participant had higher self-efficacy in four pairs, 

the CG participant had higher self-efficacy in two pairs, and two pairs had the same self-efficacy 

rating. Additionally, the median differences between groups on the max (Median = -1.5) and 

max-plus (Median = .5) self-efficacy scores were also not significant. For the max self-efficacy 

rating, the EG participant had higher self-efficacy in three pairs, while the CG participant had 

higher self-efficacy in five pairs. For the max-plus rating, the EG participant had higher self-

efficacy in four pairs, and the CG participant had higher self-efficacy in four pairs. 

Day 3 Self-Efficacy. At Day 3, the differences between groups were not significant for 

the median (Median = 0.0), max (Median = -.5), or max plus (Median = .5) self-efficacy ratings. 

For the median self-efficacy rating, the EG participant had higher self-efficacy in three pairs, the 

CG participant had higher self-efficacy in three pairs, and two pairs had the same self-efficacy 

rating. For the max self-efficacy rating, the EG participant had higher self-efficacy in three pairs, 

the CG participant had higher self-efficacy in four pairs, and one pair had the same self-efficacy 

rating. For the max-plus self-efficacy rating, the EG participant had higher self-efficacy in four 

pairs, the CG participant had higher self-efficacy in three pairs, and one pair had the same self-

efficacy rating. 
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Table 5 

Scooping Task Appraisal Scale Results 

STAS EG (n=8) CG (n=8) Z Pearson’s r  p 

Day 2           
Median Score  9.5 (3)  9.0 (5)  0.53  .187 .595  
Max Score  4.0 (7)  6.0 (5)  -0.63  -.223 .526  
Max-Plus Score  1.5 (5)  1.5 (3)  0.42  .148 .673  

Day 3           
Median Score  9.5 (4)  9.5 (4)  -0.11  -.039 .916  
Max Score  5.0 (3)  5.0 (6)  0.25  .088 .799  
Max-Plus Score  3.0 (5)  3.0 (7)  -0.17  -.060 .865  

 

Note. Group medians (interquartile range) are reported for each rating. Wilcoxon signed rank 

tests were used to determine differences between groups. Z-scores, Pearson’s r (effect sizes), and 

p-values (2-sided) are reported. The Scooping Task Appraisal Scale can be found in Appendix C. 

Participants were asked to rate their confidence for obtaining their median score, maximum 

score, and max-plus score [(max – median)/2 + max] on the Scooping Task after two days of 

practice. Higher scores indicate higher self-efficacy. EG = experimental group; CG = control 

group; STAS = Scooping Task Appraisal Scale. 
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Figure 8 

Box Plots of Confidence Ratings on the Scooping Task Appraisal Scale 

 

Note. Box plots are shown for each confidence rating on the Scooping Task Appraisal Scale at 

Day 2 and Day 3. Participants rated their confidence for obtaining their median score, maximum 

score, and max-plus score [(max – median)/2 + max] on the Scooping Task after two days of 

practice. Higher scores indicate greater confidence in achieving the given score on the Scooping 

Task (self-efficacy). D2 = Day 2; D3 = Day 3. 

Intrinsic Motivation Inventory 

 Six subscales of the Intrinsic Motivation Inventory (IMI) were administered on Day 2 

following the practice phase to measure intrinsic motivation and related constructs. Items from 

each subscale were averaged to determine a score. No significant differences were found 
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between groups on any of the IMI subscales (see Table 6). Box plots of IMI subscales can be 

found in Figure 9. 

 Interest/Enjoyment. On the “interest/enjoyment” subscale of the IMI, four pairs in the 

EG rated higher interest/enjoyment of the Scooping Task, while four pairs in the CG rated higher 

interest/enjoyment. There was no significant difference (Median = -.29) between groups on 

interest and enjoyment. 

 Perceived Competence. Similarly, the EG participant in four of the pairs rated higher 

perceived competence of the Scooping Task, while the CG participant in four pairs rated higher 

perceived competence. There was no significant difference (Median = -.40) between groups on 

rating of interest and enjoyment. 

 Perceived Choice. For four pairs, the EG participant had a higher rating for choice, and 

for 3 pairs, the CG participant had a higher rating for choice. One pair had the same rating. There 

was no significant difference (Median = .2) between groups on the perceived choice rating. 

 Pressure/Tension. The EG participant had a higher rating for pressure/tension in three 

pairs, while in four of the pairs, the CG participant had a higher rating for pressure/tension. One 

pair had the same rating for pressure/tension. There was no difference (Median = -.1) between 

groups on rating of pressure and tension. 

 Value/Usefulness. The EG participant had a higher rating of value/usefulness in three 

pairs, while the CG participant had a higher rating of value/usefulness in four pairs. One pair had 

the same rating. There was no significant difference (Median = -.5) between groups on rating of 

value and usefulness. 

Effort/Importance. The EG participant had a higher rating of effort/importance in two 

pairs, while the CG participant had a higher rating of effort/importance in five pairs. One pair 
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had the same rating. There was no significant difference (Median = -.67) between groups on 

rating of value and usefulness. 

Table 6 

Intrinsic Motivation Inventory Results  

IMI Subscales  EG (n=8) CG (n=8) Z Pearson’s r  p 

Interest/Enjoyment 4.71 (3.79)  4.07 (2.07)  0.35  .124 .726  
Perceived Competence  5.40 (1.50)  5.50 (1.35)  -0.78  -.276 .435  
Perceived Choice  6.60 (1.00)  6.30 (1.95)  1.10  .389 .271  
Pressure/Tension  2.30 (1.60)  2.30 (3.20)  0.10  .035 .799  
Value/Usefulness 5.83 (2.58)  6.67 (0.83)  -1.01  -.357 .310  
Effort/Importance 6.00 (1.92)  6.67 (0.33)  -1.60  -.566 .108  
 
Note. Group medians (interquartile range) are reported for each subscale. Wilcoxon signed rank 

tests were used to determine differences between groups. Z-scores, Pearson’s r (effect sizes), and 

p-values (2-sided) are reported. The Intrinsic Motivation Inventory can be found in Appendix D. 

Higher scores indicate a greater degree of the construct being measured. For example, higher 

scores in Interest/ Enjoyment indicate greater interest and enjoyment (intrinsic motivation). 

Higher scores in Pressure/ Tension indicate more pressure and tension. EG = experimental 

group; CG = control group; IMI = Intrinsic Motivation Inventory. 
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Figure 9 

Box Plots of Intrinsic Motivation Inventory Subscales 

 

Note. Box plots are shown for subscale of the Intrinsic Motivation Inventory at Day 2. Higher 

scores indicate a greater degree of the construct being measured. For example, higher scores in 

Interest/ Enjoyment indicate greater interest and enjoyment (intrinsic motivation). Higher scores 

in Pressure/ Tension indicate more pressure and tension. 

4.4 Correlations Between Motor Learning and Psychological Outcomes 

 Associations between change on motor learning outcomes and psychological variables 

were also explored. Spearman’s rank-order correlations were run to assess the relationship 

between change from pre-test to each block of the retention, immediate transfer, and delayed 

transfer tests and each of the psychological variables (positive affect, self-efficacy, and IMI 

subscales) within the sample of 16 participants. The “perceived choice” subscale of the IMI was 
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the only psychological variable that was significantly correlated with change in a motor learning 

outcome. Visual inspection of scatterplots revealed that there was a monotonic relationship 

between the “perceived choice” subscale and both the first and second blocks of the delayed 

transfer test. Higher perceived choice was moderately associated with more improvement on the 

delayed transfer test at Block 1, rs (14) = .518, p = .040, 95% CI [.014, .812], and was strongly 

associated with more improvement at Block 2, rs (14) = .647, p = .007, 95% CI [.207, .869]. 

Further exploration of subgroups found that, within the EG, there was a strong correlation 

between perceived choice and improvement on the delayed transfer test, which approached 

significance at Block 1, rs (6) = .703, p = .052, 95% CI [-.029, .944], and was statistically 

significant at Block 2, rs (6) = .752, p = .032, 95% CI [.074, .954]. Within the CG, there was no 

statistically significant relationship between perceived choice and improvement on the delayed 

transfer test at either Block 1, rs (6) = .268, p = .520, 95% CI [-.556, .827], or Block 2, rs (6) = 

.540, p = .167, 95% CI [-.290, .906]. The association between perceived choice and improvement 

on Block 2 of the delayed transfer test can be viewed in Figure 10. 
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Figure 10 

Association Between Perceived Choice and Improvement on Block 2 of Delayed Transfer Test 

 
Note. In this scatterplot, blue dots represent participants from the experimental group (EG, n = 

8), and orange dots represent participants from the control group (CG, n = 8). The line of best fit 

is shown for the total sample (black), the EG (blue), and the CG (orange). Scores for change 

from pre-test to Block 2 of the delayed transfer test were obtained by subtracting scores on the 

modified Box and Block Test at pre-test from Block 2 of the delayed transfer test. Scores for 

perceived choice were obtained from the “perceived choice” subscale of the Intrinsic Motivation 

Inventory. In the EG, greater perceived choice had a strong significant association with greater 

improvement on the delayed transfer test at Block 2, while in the CG, there was no significant 

association. 
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4.5 Correlations Between Pre-Test Scores and IMI Subscales 

Correlations between pre-test scores (Scooping Task, mBBT, and SAM) and Intrinsic 

Motivation Inventory subscales were also run in order to explore potentials relationships between 

baseline motor ability/mood and perception of the task after two days. Both the Scooping Task 

and the mBBT pre-tests had moderate correlations with the “perceived competence” and the 

“pressure/tension” subscales of the IMI. The “perceived competence subscale” was positively 

correlated with scores on both the Scooping Task pre-test, rs (14) = .506, p = .046, 95% CI [-

.002, .806], and the mBBT pre-test, rs (14) = .596, p = .015, 95% CI [.127, .848], indicating that 

those with higher pretest scores also had higher perceived competence on the Scooping Task 

after practicing it for two days. The “pressure/tension” subscale was negatively correlated with 

scores on the Scooping Task pretest, rs (14) = -.516, p = .041, 95% CI [-.811, -.012], and the 

mBBT pre-test, rs (14) = -.607, p = .013, 95% CI [-.852, -.144], indicating that those with higher 

pre-test scores had lower perceptions of pressure/tension after the practice phase of the study.  

The SAM pre-test was significantly correlated with three of the IMI subscales that were 

rated on Day 2 following practice. There was a moderate correlation between baseline positive 

affect and the “interest/enjoyment” subscale, rs (14) = -.584, p = .017, 95% CI [-.842, -.109]. 

There was also a strong correlation between positive affect and the “value/usefulness” subscale, 

rs (14) = -.679, p = .004, 95% CI [-.882, -.261], as well as a moderate correlation between 

positive affect and the “effort/importance” subscale, rs (14) = -.583, p = .018, 95% CI [-.842, -

.107]. Thus, participants with more positive affect at baseline also tended to have higher scores 

on the “interest/enjoyment,” “value/usefulness,” and “effort/importance” subscales of the IMI 

that were assessed at Day 2 following practice. 
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Chapter 5: Discussion 

The purpose of this study was to investigate the effects of SCP on motor learning and 

psychological outcomes for individuals with chronic post-stroke UL impairment. After 

practicing the Scooping Task for two consecutive days, both groups demonstrated significant 24-

hour retention of the trained task. Additionally, both groups improved significantly on an 

untrained motor task immediately following practice and at the 24-hour follow-up. However, 

there were no significant differences between groups on any of the motor learning outcomes. 

There were also no significant differences between groups on any of the psychological outcomes. 

Still, a moderate-to-strong significant association between perceived choice and improvement on 

the untrained motor task at follow-up suggests a potential link between perception of autonomy 

and motor learning for individuals with UL hemiparesis after stroke, even though SCP did not 

appear to provide a clear benefit on any of the outcomes. 

5.1 Motor Learning Outcomes 

Primary Outcome (Scooping Task) 

 In this study, both groups demonstrated significant 24-hour retention of the Scooping 

Task with their more affected hand following two consecutive days of practice (50 trials each 

day, 100 trials total). Schaefer et al. (2013) previously demonstrated significant improvement on 

this task following five consecutive days of practice (50 trials each day, 250 trials total) for 

individuals with chronic post-stroke hemiparesis. This present study found that performance of 

the Scooping Task improved significantly after only two days of practice. However, contrary to 

Hypothesis 1, there was no significant difference between groups on 24-hour retention of the 

trained motor task. There was a small to medium effect that favored the CG on change from the 

pre-test to Block 1 (r = -.247), and a small to medium effect favored the EG on change from the 
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pre-test to Block 2 (r = .247) of the 24-hour retention test on Day 3. Generalization of this 

finding is limited due to the small sample size, and larger samples are needed. However, overall, 

it does not appear that SCP provided any notable benefit to the EG in 24-hour retention of the 

task. 

 This finding is inconsistent with previous research on SCP in other populations that has 

demonstrated control over practice conditions can lead to improvements in motor retention. In 

this study, participants in the EG had control over their practice schedule and chose the order in 

which they practiced blocks of trials with each of their hands. Previous research with healthy 

individuals has found that control over practice schedule improves motor retention (Keetch & 

Lee, 2007; Wulf & Adams, 2014). Control over other practice variables such as control over 

practice difficulty (Leiker et al., 2016) and amount of practice (Lessa & Chiviacowsky, 2015) 

have also led to improvements in retention. SCP has also been shown to improve retention for a 

neurological population. Chiviacowsky et al. (2012b) found that control over when to use an 

assistive device led to improved retention of a balance task for individuals with Parkinson’s 

disease. Thus, it is unclear why SCP did not have the anticipated effect of improved motor 

retention for this sample of individuals with post-stroke UL hemiparesis. 

It is possible that baseline imbalances between groups may have impacted retention of 

the trained task. There was a significant baseline difference between groups on elbow flexor 

spasticity that favored the CG; although, there was no significant correlation found between 

elbow flexor spasticity and change on the retention test. However, other confounding factors 

such as stroke location may have influenced the outcome. There was a small to medium effect 

that favored the EG at Block 2 of the retention test, but the CG was favored in Block 1. The EG 

had a non-significant trend towards improvement between Blocks 1 and 2 of the retention test (z 
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= 1.56, p = .120), while the CG did not (z = -.07, p = .943); that is, six participants in the EG 

increased the number of scoops completed between Blocks 1 and 2, while only 3 participants in 

the CG increased the number of scoops. This can be compared to findings by Wulf et al. (2018) 

who investigated the effects of making incidental choices on 24-hour retention of a motor task; 

investigators found that the choice group improved significantly between Blocks 1 and 2 of the 

retention test, while the control group did not change. Thus, in this study, the EG exhibited 

similar behavior to healthy subjects who made choices during motor practice; however, SCP 

does not appear to have provided an overall benefit. Again, due to the small sample size, further 

investigation is warranted.  

Secondary Outcome (mBBT) 

 Both groups also demonstrated significant improvement on the modified Box and Block 

Test (mBBT), which was an untrained transfer task, immediately following practice on Day 2 

and at the follow-up on Day 3. Schaefer et al. (2013) previously found that practicing the 

Scooping Task for 5 consecutive days led to significant improvement on the mBBT for 

individuals with chronic post-stroke hemiparesis. In this present study, both groups demonstrated 

significant improvement on the mBBT after practicing the Scooping Task for only 2 days.  

Immediate Transfer Test. The immediate transfer test was administered 10 minutes 

after completion of the practice phase on Day 2. The CG demonstrated significant improvement 

on both Blocks 1 and 2 of the mBBT from the pre-test, while the EG only improved from the 

pre-test to Block 2 but not Block 1. However, the EG did improve significantly between Blocks 

1 and 2, while the CG did not. At Block 2, all eight participants in the CG improved from the 

pre-test, while only 6 participants in the EG improved from their pre-test score. 
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 There were no significant differences between groups on change from the pre-test to 

Blocks 1 or 2 of the immediate transfer test, and, therefore, no evidence was found to support 

Hypothesis 2. There was a moderate effect size that favored the CG on change from the pre-test 

to Block 1, and the EG demonstrated a small-to-moderate effect over the CG from pre-test to 

Block 2. There was a significant difference between groups on change between Blocks 1 and 2 

of the immediate transfer test that favored the EG. However, it is unclear if this difference is 

meaningful given that the EG did not demonstrate significantly greater improvement on the task 

overall, and more participants in the CG improved from their pre-test scores at Block 2 when 

compared to the EG. 

 Delayed Transfer Test. The mBBT was also administered at the Day 3 follow-up 

assessment to measure delayed transfer of learning. Both groups demonstrated significant 

improvements from the pre-test to Block 1 and Block 2. All eight participants in the CG 

improved their scores on the mBBT from the pre-test to Blocks 1 and 2, while only six 

participants in the EG improved from the pre-test to Block 1, and seven improved from the pre-

test to Block 2. Support for Hypothesis 2 was not found as there were no significant differences 

between groups from pre-test to Block 1 or Block 2. The effect size between groups from the 

pre-test to Block 1 was negligible. There was a small-to-moderate effect size favoring the EG on 

improvement from the pre-test to Block 2. However, more participants in the CG improved on 

Blocks 1 and 2 of the delayed transfer test than the EG. Thus, it is unclear from this analysis if 

SCP provided any benefit for transfer of learning to an untrained task. 

 This finding differs from previous research on SCP with healthy subjects. Wu and Magill 

(2011) found that control over practice schedule led to improved immediate and delayed transfer 

of learning. Control over amount of practice has also been shown to improve transfer of learning 
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(Lessa & Chiviacowsky, 2015; Post et al., 2011). There was a small to moderate effect size that 

favored the EG in Block 2 of both the immediate transfer and delayed transfers tests. However, 

more participants in the CG improved on the transfer tests than the EG. It is possible that SCP 

may have benefitted some participants in the EG on transfer of learning but not all. Further 

investigation with larger samples is needed. 

5.2 Psychological Outcomes 

Based on evidence from research with healthy individuals and theoretical assumptions, it 

was hypothesized that SCP would lead to increased positive affect, self-efficacy, and intrinsic 

motivation. However, no statistically significant differences were found between groups on any 

of these outcomes.  

Positive Affect 

 Overall, both groups had positive ratings of mood throughout the study. At baseline, the 

CG had slightly more positive affect than the EG, but this difference was not significant. Ratings 

of mood on Day 2 and 3 were similar between groups with no significant differences. There was 

a non-significant trend in the EG towards increased positive affect after the completion of the 

practice phase on Day 2 that was not seen in the CG. Although the difference between groups on 

change in mood from Day 1 pre-test to Day 2 post-test was not significant, there was a moderate 

effect size that favored the EG over the CG. 

Ratings of mood were not associated with change on any of the motor learning outcomes. 

This finding contrasts with research by Wulf et al. (2018) who investigated the effects of 

incidental choice on motor learning. The investigators hypothesized that positive affect could 

indicate activation of the dopaminergic system and used the Self-Assessment Manikin scale to 

measure positive affect. They found that the choice group had more positive affect than the 
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control group after the practice phase and also found that the rating of affect following the 

practice phase predicted performance on the retention test. When exploring the effects of 

autonomy-supportive language on motor learning,  Hooyman et al. (2014) also found that the 

group that received autonomy-supportive instructions had increased positive affect when 

compared to the control group, who received controlling instructions. Previous research has also 

suggested that positive affect may mediate the relationship between autonomous motivation and 

performance (Gillet et al., 2013).  

While this current study did not find any significant differences between groups, it is 

limited by a small sample size. As the EG did demonstrate a trend towards increased positive 

affect after the practice phase, it is possible that SCP had a positive effect on mood. However, 

change in affect did not correlate with change on any of the motor learning outcomes, and there 

was no significant correlation between positive affect and improvement on motor learning 

outcomes in this study. 

Self-Efficacy 

 Contrary to Hypothesis 3, no differences between groups were found on self-efficacy 

ratings for performance of the Scooping Task. On Day 2, there was a small-to-medium effect 

that favored the CG on the self-efficacy rating for the maximum score. However, this trend was 

not seen in self-efficacy ratings for the median or max-plus scores, where small effect sizes 

favored the EG. On Day 3, both groups had the same median scores for each of the three self-

efficacy ratings. None of the self-efficacy ratings were significantly correlated with change on 

the motor learning outcomes.  

 Self-efficacy has previously been linked with autonomy-support in motor learning 

research. Hooyman et al. (2014) also found that those who received autonomy-supportive 
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instructions had increased self-efficacy compared to those who received controlling instructions 

for a novel throwing task. Additionally, previous motor learning research with healthy subjects 

found that self-efficacy following motor practice predicted transfer of learning (Chiviacowsky et 

al., 2012a). For individuals with post-stroke UL hemiparesis, self-efficacy of arm use has been 

shown to correlate with both sensorimotor capacity and actual use of the UL (Buxbaum et al., 

2020). Stewart et al. (2019) also found that self-efficacy for reaching accuracy was correlated 

with endpoint error during reaching performance for individuals with chronic stroke. In this 

current study, self-efficacy was not significantly correlated with change on motor learning 

outcomes and also did not differ between groups. Thus, the connections between self-efficacy, 

SCP, and motor learning remain unclear for those with UL impairment due to stroke. 

Intrinsic Motivation Inventory 

 No significant differences were found between groups on the subscales of the Intrinsic 

Motivation Inventory (IMI), contrary to Hypothesis 3. Analysis of effect sizes found that the EG 

was favored on the “interest/enjoyment” and “perceived choice” subscales with small and 

medium effect sizes, respectively. The CG was favored on the “perceived competence” and 

“value/usefulness” subscales with medium effect sizes and the “effort/importance” subscale with 

a large effect size.  

Interest/Enjoyment. The “interest/enjoyment” subscale of the IMI is considered the 

measure of intrinsic motivation. In this study, baseline positive affect was moderately correlated 

with interest/enjoyment following the practice phase, so those with more positive mood at 

baseline may have enjoyed the task more. While there were no significant differences between 

groups, there was a small effect size that favored the EG. This finding can be compared with 

results of a study on SCP with individuals with Parkinson’s disease. Chiviacowsky et al. (2012b) 
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found that the SCP group reported significantly higher overall motivation to learn the task than 

the control group, but there was no difference between groups on how much they enjoyed 

practicing the task. In contrast, Leiker et al. (2016) did find a significant difference between 

groups on the interest/enjoyment subscale of the IMI that favored the SCP group in a study with 

healthy subjects that investigated control over difficulty level on a video game. However, similar 

to this present study, there was no significant relationship between interest/enjoyment and motor 

learning. Thus, the connection between intrinsic motivation and motor learning remains unclear. 

Perceived Competence. While there was no significant difference between groups on 

perception of competence, a medium effect size favored the CG. Previous research has 

connected perceptions of competence in healthy subjects with amount of success during task 

practice; those who perceive less success during practice may have reduced perceptions of 

competence as well as reduced motor learning (Chiviacowsky et al., 2012a). This study included 

participants with a wide variety of levels of arm function, and there was a moderate correlation 

between motor learning pre-test scores and perceived competence that was assessed on Day 2 

after the practice phase. Thus, those with greater UL impairment may have found the task more 

difficult, which may be linked with lower perceived competence following practice. However, 

based on the limited sample in this study, it does not appear that SCP had a positive effect on 

perceived competence. 

Perceived Choice. Previous research with healthy subjects has shown that autonomy-

supportive motor learning interventions can increase perception of choice (Hooyman et al., 

2014). Perception of control may have a larger impact on behavior and motivation than actual 

control in a situation (Ly et al., 2019). Because participants in the EG made choices regarding 

their practice schedule while CG participants did not make choices, it was hypothesized that the 
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EG would also have higher perception of choice. While there was no significant difference 

between groups on the “perceived choice” subscale of the IMI, there was a moderate effect size 

between groups that favored the EG. Given the small sample, it is possible that some participants 

in the EG experienced increased perception of choice as a result of having control over the 

practice schedule.  

Interestingly, the “perceived choice” subscale was the only psychological outcome that 

was significantly correlated with change on a motor learning outcome. Those who had higher 

perceived choice also had greater change on performance of the untrained motor task on Day 3. 

In subgroup analysis, there was a strong significant correlation between perceived choice and 

change on Block 2 of the delayed transfer test in the EG, but there was no significant correlation 

in the CG. This suggests that the link between the two variables may have been stronger for 

participants who were actively making choices during practice. Even though all participants in 

the EG made choices during practice, some indicated both lower perception of choice and also 

had less transfer of learning to the untrained task. It is possible that some participants in the EG 

may not have perceived decision-making during practice as being helpful. In other words, 

making choices during practice may not have increased their perception of autonomy and 

control, which may have been related to reduced improvement on the untrained task. Some 

participants may have experienced “choice overload,” which could have occurred due to fear of 

making the wrong choice or not having enough expertise to choose correctly (Reutskaja et al., 

2018). Research has suggested that SCP may increase information processing, leading to 

improved motor learning due to active engagement in the task (Leiker et al., 2016; Pathania et 

al., 2019). However, following stroke, impaired information processing is common (Mahon et 
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al., 2020), and, for some, making choices during practice could potentially increase the demands 

of the task beyond an optimal level. 

Pressure/Tension. Intrinsic motivation is thought to be inversely related to perceived 

pressure and tension during task performance; the more someone enjoys a given task, the less 

they pressure or tension they would be expected to have. In this study, it was hypothesized that 

SCP would lead to decreased pressure and tension. Chiviacowsky and colleagues (2012b) found 

that individuals with Parkinson’s disease felt less nervous when practicing a balance task when 

they were given control over when to use a balance pole when compared to those who were not 

given a choice. Contrastingly, in this current study, there was no significant difference between 

groups, and the effect size between groups was negligible. However, the “pressure/tension” 

subscale was negatively correlated with baseline performance on the motor outcomes, which 

suggests that those with greater UL impairment may have experienced greater pressure and 

tension during task practice.  

Value/Usefulness and Effort/Importance. The “value/usefulness” and 

“effort/importance” subscales of the IMI are not considered measures of intrinsic motivation. 

Rather, they are thought to relate to autonomous motivation, in which engagement in an activity 

is connected with one’s personal values and sense of self and is not necessarily related to interest 

and enjoyment (Deci et al., 1994; Sanli et al., 2013; Self-Determination Theory, n.d.). While 

there were no significant differences between groups on these subscales, a moderate effect size 

on the “value/usefulness” subscale and a large effect size on the “effort/importance” subscale 

both favored the CG. It is possible that some participants in the CG may have valued the 

expertise of the therapist and appreciated receiving specific instructions regarding their practice 

schedule, while some in the EG may have doubted their ability to choose appropriately. It should 
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also be noted that baseline positive affect was strongly correlated with the “value/usefulness” 

subscale and moderately correlated with the “effort/importance” subscale. Participants with more 

positive mood at baseline may have been predisposed to value the task more highly and to exert 

more effort during practice. However, more research is needed to investigate these possibilities.  

5.3 Clinical Implications 

 This study demonstrated that repetitive practice of a simulated feeding task for two 

consecutive days led to significant improvement on the trained task as well as an untrained 

transfer task for individuals with chronic post-stroke UL impairment. However, it is unclear if 

control over their practice schedule provided participants with additional benefit, as the overall 

results on the motor learning outcomes are mixed. Although there was a small to moderate effect 

size that favored the EG at Block 2 of the delayed transfer test, not all EG participants improved, 

while all of the CG participants did demonstrate improvements on the untrained task. 

Additionally, results from the psychological outcomes appear mixed and do not clearly favor one 

group over the other. However, a significant association between perception of choice and 

improvement on the untrained task at Day 3 suggests that autonomy may be an active ingredient 

for motor learning after stroke. It is possible that, following stroke, some individuals may benefit 

from SCP while others may not.  

SCP has previously been incorporated into complex rehabilitation interventions for UL 

recovery post-stroke (Lewthwaite et al., 2018; Winstein, et al., 2016b) due to evidence 

supporting its efficacy in improving motor learning for a variety of populations (Sanli et al., 

2013; Wulf & Lewthwaite, 2016). However, for individuals with chronic stroke, intervention 

responses may be impacted by multiple factors, including lesion location, previous experiences 

with rehabilitation, and individual psychological factors. Occupational and physical therapists 
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must be able to structure UL practice in a way that optimizes motivation and engagement in 

order to maximize functional improvement and recovery. While it has largely been assumed that 

providing opportunities for choice during practice will lead to greater gains, it may not be so 

simple for individuals who have experienced a stroke. Therapists should consider individual 

responses to different components of complex interventions and structure practice in a way that 

suits individual needs and preferences. Measurement of psychological factors such as perceived 

choice can help therapists adapt interventions to match the specific needs of the individual. 

5.4 Limitations 

 This study had several limitations, which include the sample size, the inclusion criteria, 

the overall study design, the trained task, and the outcome measures. 

Sample Size. This study was limited by its small sample size, which poses challenges to 

generalizability and increases the likelihood of type II error, in which there is not enough 

statistical power to detect differences between groups.  

Inclusion Criteria. Two participants who met inclusion criteria for the study were not 

able to complete study procedures due to an inappropriate degree of fatigue and inability to 

perform the trained task, indicating that the inclusion criteria for UL function was too broad. 

This was particularly problematic because participants were paired in this study. When a 

participant in the EG was unable to complete the procedures, the CG participant they were paired 

with had to be repaired and rerandomized in order to complete the study. In this study, only one 

participant was rerandomized, and this individual was also ultimately unable to complete the 

study. However, this points to issues with using a yoked control group in research with a clinical 

population, particularly with a randomized design.  
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Study Design. In this study, participants were first paired and then were randomized into 

either EG or CG. This was done because the CG participant was dependent on the choices made 

by the EG participant; in other words, the CG participant had to wait to complete the study until 

the EG participant first completed it. Participants, however, had scheduling conflicts or limited 

time frames with which they could complete the study procedures. For examples, some 

participants received regular botulinum toxin injections every three to four months. Study 

inclusion criteria required that participants wait at least three months from their last injection 

before beginning the study, so some participants only had brief time frame when they were 

willing to complete the study before receiving their next injection. Stratification offered another 

challenge because participants could not be paired and randomized until two were accrued in a 

stratum. Thus, some participants had to wait once accrued because there was not yet another 

participant in their stratum with whom they could be paired. 

Most research on SCP has been conducted with healthy individuals, where the challenges 

with this type of study design may be easier to navigate. The challenges faced in this current 

study with implementing this type of research design have not been discussed in the literature to 

the best of my knowledge. Chiviacowsky and colleagues (2012b) used a quasi-randomized study 

design to investigate the effects of SCP on motor learning with a clinical population (Parkinson’s 

disease). In their study, participants were assigned to groups based on gender and clinical stage; 

however, there was no discussion of how participants were paired or if any methods were used to 

prevent bias in group allocation. Their method may have been more feasible than the 

randomization procedure that was used in this current study; however, this current study 

prioritized randomization in order to prevent bias with group allocation, even though the 

randomization procedures introduced pragmatic challenges. 
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Another limitation of this study was that, although participants were stratified by level of 

arm function, they were not stratified according to location of their stroke. Some research has 

noted differences motor skill performance (Bernspång & Fisher, 1995) and neural activity 

(Fernandes et al., 2021; Liew et al., 2018) depending on stroke location, which may have 

impacted the results of this study. A crossover design, in which each subject receives both choice 

and non-choice conditions, may help control for differences in stroke location. However, this 

type of design would also introduce new issues. To investigate changes in motor learning, an 

adequate amount of practice is needed for retention and transfer, and a washout period would be 

needed before testing the second condition. Also, in a crossover trial, the order that the two 

conditions are implemented should be randomized to minimize learning and order effects. 

However, in research designs that investigate SCP, the control condition depends on choices that 

are made in the experimental condition, so the experimental condition must be completed first. If 

the control condition was implemented second for all subjects, then an order effect could be 

introduced with no way to control for it.  

Choice is challenging to study in an experimental design because the variable that 

participants have control over cannot be held constant between groups. The yoked control group 

has been implemented as a way to control for this. However, this type of design requires that 

subjects are not independent. The matched pairing should then be accounted for in the analysis, 

and the order in which subjects complete the study is determined by the condition they are 

allocated to. Choice has also been investigated in a within-subjects design where immediate 

responses to both choice and non-choice conditions are measured (Murayama et al., 2015). 

However, this type of design would not be able to determine differences in learning between the 

two conditions, only immediate responses and performance. Thus, further consideration is 
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needed to develop research designs that can investigate the effects of choice on motor learning 

outcomes for clinical populations. 

Trained Task. Another limitation of the study is that the trained task did not prevent 

participants from compensating with their trunk and did not allow for adjustment of difficulty 

level based on level of function. Improvements seen in this study could have resulted from 

increased use of compensatory movement strategies rather than improvements in movement 

quality. Additionally, all participants practiced the same task regardless of their level of arm 

function; the difficulty of the task was not adjusted to account for baseline arm function. It is 

well known that an appropriate level of difficulty is necessary for optimal motor learning to 

occur (Maier et al., 2019). The task may not have provided an optimal level of challenge to all 

participants and could have been too difficult for some. Those who had lower baseline scores on 

the Scooping Task also tended to have lower perceptions of competence and higher perceptions 

of pressure/tension after two days of practice. Thus, variations in task difficulty among subjects 

may have introduced a confounding variable into the study that could have influenced outcomes. 

Outcome Measures. Another limitation of this study was that the outcome measures 

were not shown to be reliable and valid with the stroke population. For the motor learning 

outcomes, although formal reliability and validity testing was not conducted, previous research 

has shown that both the Scooping Task and the mBBT were responsive to change (Schaefer et 

al., 2013). The mBBT is also a modified version of the BBT, which is a valid and reliable 

assessment of dexterity for the stroke population (Chen et al., 2009; Lin et al., 2010). 

The psychological outcomes also have not been validated or shown to be reliable with the 

stroke population. First, while the IMI is the most commonly used assessment of motivation for 

stroke rehabilitation interventions, formal psychometric testing should be conducted with this 
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population. Additionally, this study used an adapted 28-item scale that was constructed based on 

the recommendations of IMI authors, and so further testing of the reliability and validity of this 

specific scale with the stroke population is warranted.  

Second, although the self-efficacy scale used in this study was constructed using 

Bandura’s guidelines, the scores that were rated were adapted to meet the specific needs of this 

study. It is unclear if having participants rate their confidence in obtaining median, maximum, 

and “max-plus” scores from practice is a valid way to measure self-efficacy. However, in this 

study both groups demonstrated similar trends when rating these scores, with greater confidence 

in obtaining their median score and progressively lower confidence in obtaining maximum and 

max-plus scores. Psychometric testing with larger samples should be conducting to determine if 

this is a valid and reliable method for measuring self-efficacy with the stroke population.  

Third, the valance subscale of the SAM was selected to measure positive affect in this 

study because Wulf and colleagues (2018) had previously shown that choice during motor 

practice led to increase positive affect, which then predicted improvements in motor learning 

with a healthy population. However, in this study, participants’ emotional state may have been 

influenced by factors other than the research. Because practice took place over two days, events 

unrelated to the study could have impacted participants’ moods from the pre-test to the post-test. 

Further psychometric testing is needed to determine if this type of assessment is valid and 

reliable within this context.  

5.5 Directions for Future Research 

Future research should further investigate the impact of SCP and perceived autonomy on 

motor learning for individuals with post-stroke UL impairment. This may require the 

development of several smaller research questions that can address different components of this 
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complex issue. It may be beneficial to consider study designs that allow subjects to serve as their 

own control to limit the impact of individual factors such as lesion location. Because the location 

of the stroke may impact motor learning ability and outcomes (Edwardson et al., 2017; 

Fernandes et al., 2021), further work is needed to investigate this, especially during SCP. This 

can be explored by investigating differences in neural activation patterns during autonomous vs. 

controlled conditions within the context of motor practice for both stroke survivors and healthy 

controls, measured by electroencephalography (EEG) and/or functional magnetic resonance 

imaging (fMRI).  

Future research should also consider factors related to the trained motor task. The 

Scooping Task, which was used in this dissertation, did not prevent participants from 

compensating with their trunk, so improvements may have occurred from increased use of 

compensatory movement patterns rather than recovery of motor ability. Using a task apparatus 

that prevents use of common movement compensations and measures kinematic outcomes can 

help measure improvements in movement quality, rather than only task completion. 

Additionally, the Scooping Task did not have an adjustable level of difficulty, so the task was 

much easier for some participants than others, potentially influencing outcomes. Ideally, the 

trained motor task should have an adjustable level of difficulty to accommodate different levels 

of UL impairment so that task difficulty level can be controlled. Technologies such as virtual 

reality or robotic systems that can adjust the level of task difficulty and measure kinematic 

outcomes should be considered in future research designs to help limit confounding variables 

and better determine improvements in motor capacity. 

Further studies are also needed to explore the relationship between psychological 

variables and motor learning after stroke. More research is needed to determine reliability and 
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validity of motivational outcome measures for stroke rehabilitation. Additionally, while some 

work has been done to determine factors that predict motor recovery and arm use after stroke 

(Barker et al., 2007; Buxbaum et al., 2020), future research should examine the relationship 

between psychological variables and motor learning outcomes, particularly with regard to 

perceived choice and transfer of learning. Another important consideration is differentiating trait 

psychological variables (relatively stable characteristics that differ between individuals) from 

state psychological variables (changes that occur within an individual based on the situation; 

Zilcha-Mano & Webb, 2021). In research, trait characteristics can be used as predictors or 

moderators, while state psychological variables can be measured over time can help determine 

mechanisms of change in interventions (Zilcha-Mano & Webb, 2021). Because those with 

divergent trait characteristics may respond differently to a given intervention, measuring both 

trait and state psychological variables can potentially help explain how psychological factors 

relate to motor learning interventions for stroke survivors. This study only measured variables 

related to the individual’s current psychological state. Future research should also measure trait 

psychological variables to determine if different baseline characteristics predict or moderate 

outcomes. 

Future research should also consider whether differences in context and setting have an 

effect on one’s confidence when making choices related to practice. Choices may be perceived 

differently in medical settings or during therapeutic interventions than in other real-world 

contexts, potentially impacting outcomes. Within the context of rehabilitation interventions, 

therapists may be viewed by their patients as experts, and some stroke survivors may not feel 

comfortable making choices about how to practice, which could potentially limit the impact of 

choice-based interventions. Investigating beliefs related to making choices during rehabilitation 
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interventions may help expand our current understanding of the construct of autonomy and guide 

the development of future interventions. Finally, time-efficient evaluation methods should be 

developed that allow therapist to quickly assess whether patients are responsive to specific 

practice conditions, such as SCP. This may help therapists create interventions that are 

responsive to individual needs using structured methodology that optimizes motivation and 

engagement.  

5.6 Conclusions 

The findings of this study provide preliminary data on the effects of SCP on motor 

learning for those with UL hemiparesis after stroke as well as data on self-efficacy, intrinsic 

motivation, and positive affect. SCP has been incorporated into complex motor learning 

interventions for stroke rehabilitation because it is believed to be important active ingredient for 

skill acquisition. Based on the results of this study, the effects of SCP on motor learning for 

stroke survivors with UL hemiparesis remain unclear. However, there does appear to be a 

relationship between perceived choice during motor practice and transfer of learning to an 

untrained task. Perceptions of autonomy and control may be more important than actual choice 

during motor practice, and while some stroke survivors may benefit from SCP, others may not. 

More research is needed to investigate how stroke survivors respond to SCP and choice during 

motor practice. Additionally, the relationships between psychological variables and motor 

learning outcomes should be further examined. This can help determine mechanisms of action in 

complex stroke rehabilitation interventions in order to improve intervention effectiveness and 

functional outcomes.   
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Appendix A: Blinded Assessor Manual 

General Guidelines: 
• The participants do not know the specific purpose of the study or the difference between 

groups. Please do not discuss this with them. 
• You are blinded to group allocation so make sure that participants do not discuss what they 

did during the study with you. 
• Please try to keep conversation to a minimum and avoid giving any feedback that is not 

scripted. However, any issues that a participant may be having (discomfort, fatigue, etc.) can 
always be addressed to make sure they are comfortable. 

• When administering the assessments, please check the positioning of the participant first to 
make sure it is consistent (table height, chair position, etc.) Make sure to check off the items 
on the checklists.  

• Please use the scripts as much as possible when administering the assessments. However, if 
someone does not understand something you can explain it as long as it stays within the 
procedures. 

• Make sure that the assessments are administered in the same order as listed below. 
 
Assessment Overview: 
Day 1: Pre-Test (before training) 

1. Self-Assessment Manikin 
2. Scooping Task  

a. Stronger Arm: 1 block, 2 trials 
b. Weaker Arm: 1 block, 5 trials 

3.  mBBT  
a. Stronger Arm: 1 block, 2 trials 
b. Weaker Arm: 1 block, 5 trials 

Day 2: Post-Assessments (after training) 
1. Self-Assessment Manikin 
2. Scooping Task Appraisal Scale 
3. Intrinsic Motivation Inventory 
4. mBBT (need to determine # of minutes after completion of training) 

a. Stronger Arm: 2 blocks, 2 trials 
b. Weaker Arm: 2 blocks, 5 trials 

Day 3: Follow-up Assessments 
1. Self-Assessment Manikin 
2. Scooping Task Appraisal Scale 
3. Scooping Task  

a. Stronger Arm: 2 blocks, 2 trials 
b. Weaker Arm: 2 blocks, 5 trials 

4. mBBT  
a. Stronger Arm: 2 blocks, 2 trials 
b. Weaker Arm: 2 blocks, 5 trials 
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Scooping Task.  
Adapted from Schaefer et al. (2013). 
 
Participant Positioning Requirements (Please check off) 

q Line up the dot on the board with the participant’s axilla crease and edge of table 
q Stabilize the board with a weight placed between the two cups 
q Participant’s back is supported by the chair, and the chair is pulled up to the table  
q The participant’s feet are flat on floor 
q Adjust table height so that the elbow at 90-degree angle when resting on table 
q Table height adjusted to _____ cm from floor to the bottom edge of the table (must be the 

same height for all visits) 
q Hand that is not being testing is in the participant’s lap 
q Hand being tested is holding the spoon, resting on the table next to the cup 
q Seat Cushion (optional – use only if needed for participant’s comfort) 

 
Participant Instructions: 
 
“I want to see how quickly you can scoop beans with your right (or left) hand [point to the 
stronger hand]. Use the spoon to transfer them to the other cup. You must transfer one or more 
beans for a scoop to be counted. The number of beans you scoop does not matter as long as you 
transfer at least one, so do not worry about the number of beans on your spoon. Your goal is to 
complete as many scoops as you can, not to empty the cup, so small scoops are okay. If any 
beans fall on the floor or table, do not waste time picking them up. Just keep going. If all the 
beans fall, then start again.” 

• Quickly transport three scoops of beans (2-3 beans per scoop) using the spoon. 
• After correct demonstration, show that if they drop all beans they should start again, and 

then drop only one but keep going (demonstrate the differences and discuss). 
 
After a demonstration say the following: 
“Now you will have a chance to practice for 15 seconds. Do you have any questions?” 
“Hold the spoon with a comfortable grip and rest your hand on the table next to the cup closest 
to you. Place your other hand in your lap. When it is time to start, I will say:  
      “Ready, Set, Go.”  

• Say one word per second. 
• Start stopwatch at “Go” and stop after 15 seconds. 
• If mistakes are made during the practice period, correct them before the actual testing.  

 
Trial period:  
“Ready, Set, Go.”   [After 15 seconds].  “Stop.” [Return the transported beans to the original 
cup. Correct any mistakes that were made.] 
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Actual test:  
“This will be the actual test, which will be 30 seconds. We will do 2 trials. The instructions are 
the same. Work as quickly as you can.”  
“Ready, Set, Go.” [30 seconds] “Stop.” [Count the number of completed scoops using the 
clicker while the participant is scooping the beans. Record the number on the score form.] 
“Trial 1 is complete. Now we will move on to trial 2. The instructions are the same. Work as 
quickly as you can.”  
“Ready, Set, Go.” [30 seconds] “Stop.” [Record the number on the score form.] 
 
[Move the apparatus to line up with the participant’s axilla crease of the weaker arm and edge of 
the table.] 
 
“Now you are to do the same thing with your left (or right) hand [point to weaker hand]. We will 
do 5 trials. First you can practice. Hold the spoon with a comfortable grip and rest your hand on 
the table next to the cup closest to you as before. Place your other hand in your lap. Use the 
spoon to scoop beans and transfer them to the other cup.”  
 
Trial period: 
“Ready, Set, Go.” [After 15 seconds] “Stop.”  
 
Actual test:  
“This will be the actual test, which will be 30 seconds. The instructions are the same. Work as 
quickly as you can.” 
*** “Ready, Set, Go.” [30 seconds] “Stop.” [Count the number of completed scoops and 
record.] 
“Trial 1 is complete. Now we will move on to trial 2. The instructions are the same. Work as 
quickly as you can.” [Repeat this script from *** for trials 3-5.] 
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Modified Box and Block Test.  
Adapted from Schaefer et al. (2013) and Mathiowetz et al. (1985).  
 
Participant Positioning Requirements (Please check off) 

q Box is stabilized with Dycem in an anterior-posterior position 
q Box is centered with the participant’s trunk and lined up with the edge of the table 
q Hand that is not being testing is in the participant’s lap 
q Hand that is being tested is resting on the table next to the box 
q Seat Cushion (optional – use only if needed for participant’s comfort) 

 
Participant Instructions 
“I want to see how quickly you can pick up one block at a time with your right (or left) hand 
[point to the stronger hand]. Carry it across the partition to the other side of the box and drop it. 
Make sure your fingertips cross the partition, and make sure not to throw the block over the 
partition. If you pick up two blocks at a time, they will count as one. If you drop a block on the 
floor or table, just keep going. Don’t waste time picking it up. If a block bounces out of the box 
after you have carried it across, it will still be counted. If you toss the blocks without your 
fingertips crossing the partition, they will not be counted. Watch me while I show you how.” 

• Quickly transport three cubes over the partition in the same direction you want the 
participant to move them. 

• After correct demonstration, show that if they toss the blocks without crossing the 
partition it will not count, and if they transport 2 blocks, it will count as one. 

After a demonstration say the following:  
“Now you will have a chance to practice for 15 seconds. Do you have any questions?”  
“Place this hand [point to weaker hand] in your lap. Place this hand [point to stronger hand] on 
the table next to the box. When it is time to start, I will say: 
“Ready, Set, Go.” 

• Say one word per second. 
• Start stopwatch at “Go” and stop after 15 seconds. 
• If mistakes are made during the practice period, correct them before the actual testing 

 
Trial period:   
“Ready, Set, Go.” [After 15 seconds] “Stop.”  
[Return the transported blocks to the original compartment. Correct any mistakes that were 
made.] 
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Actual test:  
“This will be the actual test, which will be 30 seconds. We will do 2 trials. The instructions are 
the same. Work as quickly as you can.”   
“Ready, Set, Go.” [30 seconds] “Stop.” [Count the number of transported blocks and record.] 
“Trial 1 is complete. Now we will move on to trial 2. The instructions are the same. Work as 
quickly as you can.”  
“Ready, Set, Go.” [30 seconds] “Stop.” [Record the number on the score form.] 
 
 “Now you are to do the same thing with your left (or right) hand [point to weaker hand]. We 
will do 5 trials. First you can practice. Put this hand [point to stronger hand] in your lap. Place 
this hand [point to weaker hand] on the table next to the box. Pick up one block at a time with 
your hand, and drop it on the other side of the box.”   
 
Trial period:   
“Ready, Set, Go.” [After 15 seconds] “Stop.”  
 
Actual test: 
“This will be the actual test, which will be 30 seconds. The instructions are the same. Work as 
quickly as you can.” 
*** “Ready, Set, Go.” [30 seconds] “Stop.” [Count the number of completed scoops and 
record.] 
“Trial 1 is complete. Now we will move on to trial 2. The instructions are the same. Work as 
quickly as you can.” [Repeat this script from *** for trials 3-5.] 
 
Note. Instructions are adapted from the original Box and Block Test instructions (Mathiowetz et 
al., 1985, p. 388).  
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Appendix B: Self-Assessment Manikin (SAM) 

Self-Assessment Manikin: Please mark the circle that best describes your mood right now.  

(Image of the valance subscale can be found in Bradley and Lang, 1994, p. 51). 
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Appendix C: Scooping Task Appraisal Scale (STAS) 

Scooping Task Appraisal Scale: If you were asked how many scoops of beans you could transfer 

in 30 seconds right now, how certain are you that you can complete the numbers described 

below? Rate your degree of confidence by recording a number from 0 (not confident at all) to 10 

(very confident) using the scale given below. Adapted from Bandura (2006). 
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Appendix D: Intrinsic Motivation Inventory (IMI) 

The Intrinsic Motivation Inventory can be retrieved from 

https://selfdeterminationtheory.org/intrinsic-motivation-inventory/ (Self-Determination Theory, 

n.d.). The 28-item version of the instrument that was used in this study includes items from each 

of the six subscales (interest/enjoyment – 7 items; perceived competence – 5 items; perceived 

choice – 5 items; pressure/tension – 5 items; value/usefulness – 3 items; effort/importance – 3 

items). Twenty-two of the items were taken from a version of the IMI called the Task Evaluation 

Questionnaire, which uses four of the six subscales (interest/enjoyment, perceived competence, 

pressure/tension, perceived choice; Self-Determination Theory, n.d.). The remaining six 

questions were added to represent effort/importance and value/usefulness subscales based on an 

instrument used by Rowe and colleagues (2017). Responses are rated on a 7-point Likert scale. 

All items in each subscale are then averaged to determine a score for the subscale. 

  

https://selfdeterminationtheory.org/intrinsic-motivation-inventory/
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Appendix E: Intervention Script 

Day 1 Script:  
 
Thank you for completing the assessments. Now we will move on to the practice portion of the 
study. For this part of the study, I will be using a script and will ask that we keep our 
conversation to a minimum. However, if you need a break or have any discomfort, please let me 
know, and we will pause to address anything you may need.   
 
The practice sessions today and tomorrow will involve practicing the Scooping Task that you 
just completed. You will practice sets of trials using each of your arms. Repetitive practice of a 
motor skill can help improve that skill and may also transfer to other skills. Practicing with your 
right/left (stronger) arm may also help to improve your performance with your right/left (weaker) 
arm.  
 
When practicing with your right/left (stronger) arm, you will complete two 30-second trials for 
each set. When practicing with your right/left (weaker) arm, you will complete five 30-second 
trials for each set. You will practice 10 sets with each of your arms for a total of 20 sets today. 
The same sets will be repeated tomorrow.   
 
GROUP A: I have set out 20 cards on the table – 10 for practicing with your right/left (stronger) 
arm, and 10 for practicing with your right/left (weaker) arm. Before each set, I will select a card 
that will indicate which arm you will use. The cards will help us keep track of how many sets 
you have done with each arm. Do you have any questions?  
 
GROUP B: I have set out 20 cards on the table – 10 for practicing with your right/left (stronger) 
arm, and 10 for practicing with your right/left (weaker) arm. You can choose when you practice 
each set. You can choose any order that you would like. For example, when you want to practice 
with your right arm, you would choose this card [demonstrate selecting card for right arm], and 
when you want to practice with my left arm, you would choose this card [demonstrate selecting 
card for left arm]. Continue to choose the cards until they are all gone, and you have completed 
all 20 sets. Choose one card at a time. The cards will help us keep track of how many sets you 
have done with each arm. Do you have any questions?  
 
As a reminder, the goal of this task is to see how quickly you can scoop beans with each of your 
hands using a spoon to transfer them to the other cup. You must transfer one or more beans for a 
scoop to be counted. The number of beans you scoop does not matter as long as you transfer at 
least one, so do not worry about the number of beans on your spoon. Your goal is to complete as 
many scoops as you can, not to empty the cup, so small scoops are okay. If any beans fall on the 
floor or table, do not waste time picking them up. Just keep going. If all the beans fall, then start 
again.  
 
GROUP A: Now, I will select the card you will start with. [Researcher selects card]. You will 
complete the first trial using your right/left hand.  
 



 
 

105 

GROUP B: Now, choose the card from the side you would like to practice. [Participant selects 
card.] You chose to practice using your right/left hand for this trial.  
 
[The apparatus is set-up for the first trial.]  
 
Hold the spoon with a comfortable grip and rest your hand on the table next to the cup closest to 
you. Place your other hand in your lap. While you are practicing, feel free to adjust your grip to 
find whatever is most comfortable for you. At the end of each set, I will let you know the high 
score and the low score of the set.   
 
When it is time to start, I will say:    
 
      “Ready, Set, Go.”    
 
Do you have any questions?   
 
This is the first set. We will do 2/5 trials. Each trial will be 30 seconds. The instructions are the 
same as before. Work as quickly as you can.  
 
Ready, Set, Go. [Continue for 2 trials with the stronger hand or 5 trials with the weaker hand 
until the block is completed.]  
 
Great job. The first set is over.   
 
[When practicing with the weaker arm:] Your high score for this set was ____ and your low 
score was ____.  
 
Now we will move on to the second set. [Repeat for 20 total blocks: 10 blocks for the stronger 
arm and 10 blocks for the weaker arm.]  
 
[After completion of all the trials.]  
 
Thank you so much for your hard work today. Your high score for the day was ____ and your 
low score was ____.  
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Day 2 Script:  
 
Today will involve practicing the same task that you practiced yesterday.   
 
As a reminder, you will practice sets of trials using each of your arms. Repetitive practice of a 
motor skill can help improve that skill and may also transfer to other skills. Practicing with your 
right/left (stronger) arm may also help to improve your performance with your right/left (weaker) 
arm.  
 
You will complete the same number of sets with each of your arms that you completed 
yesterday.   
 
GROUP A: I have set out 20 cards on the table – 10 for practicing with your right/left (stronger) 
arm, and 10 for practicing with your right/left (weaker) arm. Before each set, I will select a card 
that will indicate which arm you will use. The cards will help us keep track of how many sets 
you have done with each arm. Do you have any questions?  
 
GROUP B: I have set out 20 cards on the table – 10 for practicing with your right/left (stronger) 
arm, and 10 for practicing with your right/left (weaker) arm. You can choose when you practice 
each set. You can choose any order that you would like. For example, when you want to practice 
with your right arm, you would choose this card [demonstrate selecting card for right arm], and 
when you want to practice with my left arm, you would choose this card [demonstrate selecting 
card for left arm]. Continue to choose the cards until they are all gone, and you have completed 
all 20 sets. Choose one card at a time. The cards will help us keep track of how many sets you 
have done with each arm. Do you have any questions?  
 
As a reminder, the goal of this task is to see how quickly you can scoop beans with each of your 
hands using a spoon to transfer them to the other cup. You must transfer one or more beans for a 
scoop to be counted. The number of beans you scoop does not matter as long as you transfer at 
least one, so do not worry about the number of beans on your spoon. Your goal is to complete as 
many scoops as you can, not to empty the cup, so small scoops are okay. If any beans fall on the 
floor or table, do not waste time picking them up. Just keep going. If all the beans fall, then start 
again.  
 
GROUP A: Now, I will select the card you will start with. [Researcher selects card]. You will 
complete the first trial using your right/left hand.  
 
GROUP B: Now, choose the card from the side you would like to practice. [Participant selects 
card.] You chose to practice using your right/left hand for this trial.  
 
[The apparatus is set-up for the first trial.]  
 
Hold the spoon with a comfortable grip and rest your hand on the table next to the cup closest to 
you. Place your other hand in your lap. While you are practicing, feel free to adjust your grip to 
find whatever is most comfortable for you. At the end of each set, I will let you know the high 
score and the low score of the set.   
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When it is time to start, I will say:    
 
      “Ready, Set, Go.”    
 
Do you have any questions?   
 
This is the first set. We will do 2/5 trials. Each trial will be 30 seconds. The instructions are the 
same as before. Work as quickly as you can.  
 
Ready, Set, Go. [Continue for 2 trials with the stronger hand or 5 trials with the weaker hand 
until the block is completed.]  
 
Great job. The first set is over.   
 
[When practicing with the weaker arm:] Your high score for this set was ____ and your low 
score was ____.  
 
Now we will move on to the second set. [Repeat for 20 total blocks: 10 blocks for the stronger 
arm and 10 blocks for the weaker arm.]  
 
[After completion of all the trials.]  
 
Thank you so much for your hard work today. Your high score for the day was ____ and your 
low score was ____. 
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Appendix F: Pilot Study Results 

Participant Characteristics 

A total of seven participants have consented to participate in the study. One participant 

failed the screening, so six participants were accrued. Once two participants were accrued within 

a BBT strata, they were then randomized to either experimental or control groups. Three subjects 

were randomized into each group. See Table 1 for individual participant characteristics. See 

Table 2 for baseline assessment results for individual participants. Table 3 summarizes group 

results for participant characteristics and results of baseline assessments.  

Outcomes Measures 

Participants in the experimental group chose the order in which they practiced blocks of 

trials with their more and less affected hands. The order in which individuals in the experimental 

group made these choices is depicted in Figure 1. Results of individual performance across all 

blocks of the Scooping Task can be visualized in Figure 2, including the Pre-Test, the Practice 

Phase, and the Retention Test. Figure 3 depicts group performance on the Scooping Task on the 

Retention Test. Individual performance across all blocks of the modified Box and Block Test, 

including the Pre-Test, the Immediate (10-minute) Transfer Test, and the Delayed (24-Hour) 

Transfer Test can be viewed in Figure 4, while group performance is shown in Figure 5. Group 

means and standard deviations for all outcome measures can be viewed in Tables 4-7.  
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Table 1 

Individual participant characteristics 

Participant Age Gender Race Months since 
Stroke 

Type of Stroke Affected 
Side 

Dominant 
Side 
 

Experimental 
003 53 M White 88 Ischemic Left Right 
005 55 M White 106 Hemorrhagic Left Right 
006 53 M White 527 Ischemic Right Right 

Control 
001 65 F Black 143 Ischemic Left Left 
004 56 F Multiple 78 Ischemic Left Right 
007 65 M White 193 Hemorrhagic Left  Right 

 

Note. M = male; F = female. 
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Table 2 

Baseline assessment for individual participants 

Participant BBT SCI GDS CTMT-2 TCI 
T-Score (Description) 

MAS 
(EF) 

Experimental 
003 36 32 1 41 (Below Average) 1+ 
005 40 28 4 31 (Mild-Mod Impairment) 1+ 
006 27 28 0 63 (High Average) 1+ 

Control 
001 33 26 4 35 (Mild-Mod Impairment) 1 
004 44 12 2 42 (Below Average) 0 
007 40 32 1 47 (Average) 1 

 

Note. BBT = Box and Block Test; SCI = Sleep Condition Indicator; GDS = Geriatric Depression 

Scale; CTMT-2 TCI = Comprehensive Trail-Making Test, Second Edition, Total Composite 

Index; MAS (EF) = Modified Ashworth Scale (elbow flexors). 
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Table 3 

Summary of participant characteristics and baseline assessment 

Characteristics Experimental (n=3) Control (n=3) Total (N=6) 
Age in years, mean (SD) 53.7 (1.2) 62.0 (5.2) 57.8 (5.7) 
Gender 3 M/ 0 F 1 M/ 2 F 4 M / 2 F 
Race 3 White Black, Multiple, 

White  
Black, Multiple,  
4 White 

Months since stroke, mean (SD) 240.3 (248.4) 138.0 (57.7) 189.2 (170.8) 
Type of stroke 2 Ischemic/  

1 Hemorrhagic  
2 Ischemic/  
1 Hemorrhagic 

4 Ischemic/  
2 Hemorrhagic 

Affected side 2 Left/ 1 Right 3 Left/ 0 Right 5 Left/ 1 Right 
Dominant side affected?  1 Yes/ 2 No 1 Yes/ 2 No 2 Yes/ 4 No 
BBT Score, mean (SD) 34.2 (6.7) 39.0 (5.6) 36.7 (6.1) 
SCI, mean (SD) 29.3 (2.3) 23.3 (10.3) 26.3 (7.4) 
GDS, mean (SD) 1.7 (2.1) 2.3 (1.5) 2.0 (1.7) 
CTMT-2 TCI, mean (SD) 45.0 (16.4) 41.3 (6.0) 43.2 (11.2) 
MAS elbow flexors, n (score) 3 (1+) 1 (0), 2 (1) 1 (0), 2 (1), 3 (1+) 

 

Note. M = male; F = female; BBT = Box and Block Test; SCI = Sleep Condition Indicator; GDS 

= Geriatric Depression Scale; CTMT-2 TCI = Comprehensive Trail-Making Test, Second 

Edition, Total Composite Index; MAS = Modified Ashworth Scale. 
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Figure 1 

Order of choices made by experimental group participants 

 
Block 

Participant 3 

 

Participant 5 

 

Participant 6 

Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 
1       
2       
3       
4       
5       
6       
7       
8       
9       
10       
11       
12       
13       
14       
15       
16       
17       
18       
19       
20       

 

Note. The figure demonstrates the order of blocks that were chosen by the experimental group. 

Blue cells indicate blocks of 2 trials that were performed with the less affected arm. Yellow cells 

indicate blocks of 5 trials with were performance with the more affected arm. 
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Figure 2 

Individual Performance on the Scooping Task 

 

Note. This figure demonstrates individual performance on the scooping task with the more 

affected arm at Pre-Test (Day 1), during the Practice Phase (Day 1, Day 2), and at the 24-Hour 

Retention Test (Day 3). Means for each block of 5 trials are shown with error bars indicating the 

standard deviation. Performance of experimental group participants is represented by blue lines 

with round markers, and performance of control group participants is represented by orange lines 

with square markers. 
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Figure 3 

Group Performance on Retention of the Scooping Task 

 

Note. This figure demonstrates group performance on the scooping task with the more affected 

arm at the 24-Hour Retention Test (Day 3). Means for each block of 5 trials are shown with error 

bars indicating the standard deviation. Pre = pre-test; Ret = retention; B1 = block 1; B2 = block 

2. 
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Figure 4 

Individual Performance on the Modified Box and Block Test 

 

Note. This figure demonstrates individual performance on the modified Box and Block Test with 

the more affected arm at Pre-Test (Day 1), Immediate (10-minute) Transfer Test (Day 2), and at 

the Delayed (24-Hour) Transfer Test (Day 3). Means for each block of 5 trials are shown with 

error bars indicating the standard deviation. Performance of experimental group participants is 

represented by blue lines with round markers, and performance of control group participants is 

represented by orange lines with square markers. IT = immediate transfer; DT = delayed transfer. 
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Figure 5 

Group Performance on Immediate and Delayed Transfer of the Modified Box and Block Test 

 

Note. This figure demonstrates group performance on the modified Box and Block Test with the 

more affected arm at the Immediate (10-minute) Transfer Test on Day 2 and the Delayed (24-

Hour) Transfer Test on Day 3. Means for each block of 5 trials are shown with error bars 

indicating the standard deviation. Pre = pre-test; IT = immediate transfer; DT = delayed transfer; 

B1 = block 1; B2 = block 2. 
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Table 4 

Motor Learning Outcomes for the Scooping Task and mBBT 

Motor Learning Outcomes Experimental (n=3) Control (n=3) 
Scooping Task   

Pre-Test 9.9 (2.5) 10.6 (2.4) 
Retention Block 1 14.3 (3.4) 13.7 (4.3) 
Retention Block 2 14.4 (2.8) 13.6 (4.5) 

mBBT   
Pre-Test 20.0 (3.5) 21.9 (6.7) 
IT Block 1 21.9 (4.6) 23.1 (7.2) 
IT Block 2 22.1 (5.3) 23.1 (6.8) 
DT Block 1 22.3 (5.1) 23.5 (6.9) 
DT Block 2 23.1 (6.4) 23.3 (7.0) 

 

Note. Group means (standard deviations) are reported for blocks of 5 trials. mBBT = modified 

Box and Block Test. IT = immediate (10-minute) transfer. DT = delayed (24-hour) transfer.  
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Table 5 

Intrinsic Motivation Inventory Results  

IMI Subscales Experimental (n=3) Control (n=3) 
Interest/ Enjoyment 4.7 (1.9) 4.9 (1.8) 
Perceived Competence 5.7 (0.4) 6.1 (0.8) 
Perceived Choice 6.5 (0.6) 6.5 (0.4) 
Pressure/ Tension 2.8 (0.9) 1.5 (0.9) 
Value 5.8 (0.2) 6.6 (0.5) 
Effort 5.1 (1.6) 6.5 (0.4) 

 

Note. The Intrinsic Motivation Inventory can be found in Appendix D. Group means (standard 

deviations) are presented for each subscale. Higher scores indicate a greater degree of the 

construct being measured. For example, higher scores in Interest/ Enjoyment indicate greater 

interest and enjoyment (intrinsic motivation). Higher scores in Pressure/ Tension indicate more 

pressure and tension. IMI = Intrinsic Motivation Inventory. (Additional data will be added for the 

remaining participants once it is collected). 
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Table 6 

Self-Efficacy for the Scooping Task 

Self-Efficacy Experimental (n=3) Control (n=3) 
Day 2 Post-Test   

Median 7.3 (3.8) 8.3 (2.9) 
Max 4.3 (4.2) 7.0 (2.0) 
Max Plus 3.0 (5.2) 4.0 (2.6) 
Total Mean 4.9 (3.9) 6.4 (2.2) 

Day 3 Follow-Up   
Median 7.0 (3.6) 8.3 (2.1) 
Max 4.0 (2.6) 7.0 (2.0) 
Max Plus 2.3 (3.2) 6.0 (1.7) 
Total Mean 4.4 (2.8) 7.1 (1.9) 

 

Note. The Scooping Task Appraisal Scale can be found in Appendix C. Group means (standard 

deviations) are reported for each rating. Participants are asked to rate their confidence for getting 

their median score, maximum score, and max-plus score [(max – median)/2 + max] from the 

combined two days of practice. The Total Mean score is the average of those three ratings. 

Higher scores indicate higher self-efficacy. 
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Table 7 

Self-Assessment Manikin (Valence Subscale) 

SAM Experimental (n=3) Control (n=3) 
Day 1 Pre-Test 2.7 (2.1) 1.7 (1.2) 
Day 2 Post-Test 2.3 (2.3) 2.3 (2.3) 
Day 3 Follow-Up 2.3 (2.3) 1.7 (1.2) 

 

Note. The Self-Assessment Manikin can be found in Appendix B. Lower scores indicate more 

positive affect. SAM = Self-Assessment Manikin. 

 

 


