Introduction

Stroke is the leading cause of long-term disability in the United States.

1

 After stroke, most people continue to live with varying degrees of motor disability primarily affecting one side of the body.2
 Rehabilitation can effectively reduce motor disability.

3-6

 However, current neurorehabilitation practice often focuses on teaching adaptive motor skills and neglects the long-term strategies necessary to guarantee incorporation of the motor skills outside the clinic.7
 For example, it is often observed that people after stroke do not use their paretic arm outside the clinic to the extent that would be expected when considering the degree of regained motor function.
 ADDIN EN.CITE 
8,9
 From the patients’ perspective, paretic arm use is strongly associated with the perception of overall recovery.10
 In addition, the ability to use the paretic arm in meaningful ways was identified as the most important outcome of self-reported recovery.
 ADDIN EN.CITE 
11,12
 Over the past 30 years, evidence from both animal and human models supports the importance of use-dependent neuroplasticity in stroke rehabilitation.

13-16

 The evidence roughly indicates that the extent of brain re-organization is associated with the amount of use.
 ADDIN EN.CITE 
14,17-19
 This suggests that paretic arm use is not only an indicator of recovery from the patients’ perspective, but also functions to promote brain reorganization through use-dependent experience, which may itself lead to a better recovery. However, a large cohort study performed a decade ago determined that 40% of persons (n = 434) had not incorporated the paretic arm into their daily activities six months after stroke.20
 Therefore, it is important to understand the factors that may contribute to the persistent use of the paretic arm after stroke.

To foster persistent use of the paretic arm, we posit that it is necessary for one to choose to use the paretic arm for a given functional action, despite concerns about its present capacity to perform the action. To engage in using the paretic arm persistently, it is important that participants feel some degree of confidence that their paretic arm can accomplish the action. Feeling confident about one’s ability to attain a specific level of performance in a given environment is known as self-efficacy. Self-efficacy is a social-cognitive construct that originates from a theory established by Bandura.21,22
 Self-efficacy is not a general concept but is specific to a domain of tasks. In the context of behavior change, self-efficacy has been associated with action initiation or avoidance, effort investment, long-term persistence, and better performance on challenging tasks.
 ADDIN EN.CITE 
22,23
 For health behavior, self-efficacy has been studied in many different circumstances, including smoking cessation and relapse, weight control, pain management, adherence with various health and medical regimens, and cardiac rehabilitation.

24-26

 

Only recently has self-efficacy been studied in the context of stroke disability to understand its importance and relationship with physical impairment and functional outcomes.

27-30

 Across a body of literature, researchers have consistently reported that self-efficacy may play an important role in reducing fear of falling, improving walking ability, and increasing quality of life. However, the evidence in the context of stroke rehabilitation has been almost exclusively related to lower limb actions such as balance and gait. The relationship between self-efficacy and functional outcomes for the upper limbs has not been studied until now.

Reaching actions are an essential functional outcome for upper limb behaviors following stroke. After stroke, difficulty with reaching may lead to further dependence and possible long-term disability.
 ADDIN EN.CITE 
20,31-36
 Various reaching movements have been used as core content in test items for determining upper limb functional recovery.

37-39

 One commonly used reaching paradigm in the research and clinical domains is the center-out targeted reaching paradigm.
 ADDIN EN.CITE 
35,40
 This paradigm requires participants to reach to targets located at varying distances and directions relative to a center home position on a horizontal two-dimensional (2D) plane. While these tests provide objective information about levels of functional ability, they do not reveal an individual’s internal perceptions of self-efficacy in accomplishing the reaching movements. Given that self-efficacy is task-specific,23
 a reaching-specific self-efficacy measure using the center-out paradigm was developed to capture relative self-efficacy for each arm, and its discriminant validity was tested in non-disabled adults and individuals with hemiparetic stroke of a chronic duration. With respect to the target location, we hypothesized that people would rate their self-efficacy lower when reaching to further targets or to the targets located contralateral to the reaching arm. With respect to the functional ability of the arm, we hypothesized that self-efficacy ratings would be lower for the non-dominant hand in the control group and for the paretic hand in the stroke group than for dominant and non-paretic hands in these groups, respectively.

Methods

Research Participants

Fifteen participants with hemiparetic stroke and ten age-matched non-disabled participants were recruited. All participants were right-hand dominant. To be included in the study, participants in the stroke group had to have: 1) a hemiparetic stroke at least 6 months prior; 2) the ability to lift their paretic arm 2 cm above the table surface; 3) the ability to move their paretic arm across the mid-line and all the way to the other side of their body while keeping the elbow extended; and 4) clear vision without visual neglect and clear communication. Participants with no sensation in the paretic arm, visual neglect, poor verbal communication, cognitive dysfunction, or depression were excluded from the study. The Albert Test41
 was used to ensure the absence of visual neglect. The Mini-Mental State Examination was used to ensure normal cognition (individuals with scores below 23 were excluded).

42

 The Patient Health Questionnaire-943
 was used to exclude participants with depression. All participants read and signed the consent form approved by the Health Sciences Institutional Review Board at the University of Southern California before the study.

Self-Efficacy Measure Development

To measure self-efficacy for reaching movements performed by each arm on a 2D horizontal plane, we adapted the approach of psychophysical estimates of movement cost by Rosenbaum and Gaydos.44
 In that study, movement cost was estimated before the actual action was performed by judging the difficulty of transporting a real object from the center home position to the assigned target location on the horizontal plane. Participants were asked to compare the effort required to move the object to two different target locations. The results from these target comparisons were then used to calculate the movement cost as computed by the number of times that a target was reported as “easier”. There were two reasons for using their approach: 1) the center-out target paradigm in their study was a common paradigm for reaching studies;45
 2) the Rosenbaum and Gaydos method to estimate movement cost for each target had sufficient measurement resolution. Their approach to obtaining movement cost was for one arm only (e.g., dominant arm). For the purposes of capturing self-efficacy for reaching movements for both arms, however, it is important to examine confidence regarding where to reach and which hand to use. Therefore, we needed to add a hand-specific component to the target comparisons. In our study, participants had to consider two factors, hand (hand-specific component) and target location (target-specific component), which translated into a hand-target combination when they were asked to assess their self-efficacy for reaching actions.

Experimental Task

The self-efficacy measure for reaching movements was operationalized with Microsoft Office PowerPoint 2003, including two parts: 1) the target layout of the reaching task and 2) the presentation of the self-efficacy measure (Figure 1a). The target layout of the reaching task consisted of ten targets (at varying distances and directions) located on the wood table which was the horizontal two-dimensional workspace (about 50 cm wide and 80 cm long). Targets were light blue circles, 3 cm in diameter and were projected individually onto the workspace. The targets were equally distributed along 5 directions (0°, 45°, 90°, 135°, 180°) and 2 distances (13.5 cm, 27 cm) from the home position (the target highlighted in green, located at a point equidistant from each set of near and far targets within the two half-circle arrays in Figure 1b). The photo in Figure 1c shows an individual’s hands in the home position at the initiation of a task trial.
Self-efficacy was determined through the presentation of a pair of hand-target combinations (Figure 1a). A target was associated with a specific hand, identified with a label of either “R” or “L.” The R indicated “reaching with the right arm from the home position” and the L indicated “reaching with the left arm from the home position”. There were 180 possible pairs of hand-target combinations that were pseudo-randomly displayed one pair at a time.

Testing Procedures

All participants were asked to complete the Edinburgh handedness questionnaire46
 to determine the premorbid dominant upper limb. Participants with hemiparetic stroke were asked to complete additional clinical measures including the upper extremity motor assessment portion of the Fugl-Meyer Assessment (FMUE),37
  and the Motor Activity Log (MAL).47

Although reaching self-efficacy would be measured without moving, to better understand how quickly and accurately participants believed they could move their arm for actual aiming, an opportunity to practice with this particular target paradigm was provided using a laboratory-based reaching task, Bilateral Arm Reaching Task (BART).48

  This was done to ensure that perceptions were based upon calibrated actual experience. First, the coordinate system for the workspace of the BART system was defined. Participants sat in front of a table with both index fingers comfortably placed on the home position. In the practice condition for reaching movements, participants moved their index fingers to the targets. They were instructed to move quickly and accurately to the target as soon as it was projected on the table in order to meet the criteria for success: placing their index finger inside the displayed target within 1 second. Participants practiced 20 trials with each arm but could ask for more practice. Visual and audio feedback was provided after each reaching movement.

For the reaching self-efficacy assessment, participants decided which of two hand-target combinations they had higher confidence in reaching. They were provided with the following instruction: “Without moving, which target do you feel more confident in reaching quickly and accurately using the indicated arm?” Participants had to respond within a 6-second time constraint to encourage them to respond with their first thought. All participants practiced the self-efficacy rating before the actual test to ensure the time constraint was long enough to respond without being rushed. Participants were given two 30-second breaks after 60 trials during the self-efficacy assessment. The procedure for determining self-efficacy lasted approximately 20 minutes and was videotaped.

Data Reduction

Reaching self-efficacy (RSE) for each hand-target combination was calculated as the ratio of the number of times a particular hand-target combination was chosen with “more confidence” to the total number of times it was presented. Each target location had an associated RSE for the right and left arm, respectively. The formula used to calculate RSE was:
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Given that each hand-target combination was presented 18 times, if a participant indicated “more confident” 18 times to a particular hand-target combination, the perceived confidence for that hand-target combination would be 1.  The perceived confidence would be 0 if the participant never chose a particular hand-target combination as one in which he or she was “more confident” to reach. Therefore, the range for the reaching self-efficacy for each hand-target combination was 0 to 1, with “0” being never confident, and “1” being always confident. The reaching self-efficacy scale for a given hand-target combination is indicated below:
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Data Analysis

Pearson correlation coefficients were used to examine the relationship between RSE and target distance and target location, respectively, for both groups. Paired t-tests were used to examine discriminant validity by testing for differences in RSE: 1) between near and far targets; 2) between targets located ipsilateral and contralateral to the reaching arms; 3) between the dominant and non-dominant arms in non-disabled adults; and 4) between the paretic and non-paretic arms in individuals with hemiparetic stroke.

Results

Demographic information for all participants is shown in Table 1. Participants with stroke were right handed pre-morbidly. There was no statistically significant difference between the mean ages for the control and stroke groups (p = 0.602). Participants in the stroke group were all in the chronic stage of stroke recovery (range = 0.5-9.3 years) with mild to moderate residual hemiparesis (FMUE = 44.5/66; range 15-61). Five had concordant paresis (paretic arm was the dominant arm) while ten had discordant paresis (paretic arm was the non-dominant arm). Participants in the stroke group used their paretic arm to perform daily activities about 50% of the time as measured by the amount of use measure of the Motor Activity Log (MALa).

Discriminant Validity for Target-Specific Reaching Self-Efficacy

In the control group, the reaching self-efficacy (RSE) for the near targets (range: 0.32-0.90) was significantly higher than for the far targets (range: 0.07-0.57) (p<0.001) (Figure 2). The RSE for the targets ipsilateral to the reaching arm (0( and 45(; range: 0.37-0.90) was significantly higher than for the targets contralateral to the reaching arm (135( and 180(; range: 0.07-0.67) (p<0.001) (Figure 2). There were significant correlations between RSE and target distance (r=-.657, p<0.001) as well as target direction (r=-0.545, p<0.001) (Figure 2). Participants in the control group felt more confident when they reached for near targets and targets ipsilateral to the reaching arm.
Discriminant Validity for Hand-Specific Reaching Self-Efficacy

To examine discriminant validity of the RSE measure with regard to more and less able arms, we investigated the differences in self-efficacy between the dominant and non-dominant arms in the control group, and between the paretic and non-paretic arms in the stroke group. To perform these comparisons, we used movements to targets mirrored across the midline (e.g., right arm to the target at near +45° vs. left arm to the target at near +45°) (Figure 1b) for each arm. Consistent with expectations that control participants would have more confidence in using their dominant arm as compared to the non-dominant arm, we found that the RSE was significantly higher (p<0.001) for the dominant arm than for the non-dominant arm (Figure 2). For example, the RSE for the target at +45° near for the dominant arm (0.89±0.02) was higher than the RSE for the +45° near for the non-dominant arm (0.80±0.02) in Figure 2. The solid line denoting the dominant arm was higher than the dashed line denoting the non-dominant arm for both near and far targets.

In the stroke group, for the paretic arm, the range of RSE was 0.40-0.73 and 0.10-0.37 for the near and far targets, respectively, whereas it was 0.54-0.83 and 0.29-0.57 for the non-paretic arm for the near and far targets, respectively. Consistent with expectations for a valid measure of relative confidence, we found that the RSE was significantly higher (p<0.001) for the non-paretic arm than the paretic arm (Figure 3). (i.e., the solid line denoting the dominant arm was above the dashed line denoting the non-dominant arm in Figure 3.) We took the further step of analyzing the difference in self-efficacy between people with concordant and discordant deficits. Interestingly, the near-far difference between arms was significantly greater for participants with discordant deficits (in which the paretic arm is the non-dominant arm) (p<0.001) (Figure 4a) but not for those with concordant deficits (in which the paretic arm is the dominant arm) (p=0.059) in this study (Figure 4b). (i.e., the dashed line denoting the paretic arm was below the solid line denoting the non-paretic arm in Figure 4a)
Discussion

This new self-efficacy measure for reaching movements described here is one of a small set of prior self-efficacy measures designed to capture a person’s perceived confidence for upper limb function after stroke. The two previously developed measures include: 1) the Confidence in Arm and Hand Movement Scale (CAHM)49
 and 2) two single-item measures related to confidence for accurate and rapid movement (e.g., “how confident are you that you will reach the target accurately [quickly] on the next set of trials?”) in a recent study by Stewart.50
 The 20-item CAHM was developed to evaluate self-efficacy for arm and hand functions of the impaired upper limb in social or public contexts (e.g., “How certain are you at the present time that you can carry a cafeteria tray full of lunch food and drink from the cashier to a table?”). The items are scored on a 0 (very uncertain) to 100 (very certain) scale. The CAHM was found to be reliable and valid, including having a moderate relationship to the FMUE Assessment as well as the Wolf Motor Function Test, Stroke Impact Scale, and Motor Activity Log for people 3-9 months after stroke (n=72).49
 The CAHM addresses a variety of arm and hand movements, with less particular focus on reaching movements, per se. Unlike the CAHM, the self-efficacy measure developed here was designed specifically for controlled, laboratory-based shoulder-elbow reaching movements as recovery normally proceeds from proximal parts of the body distally.

51

 Therefore, our reaching self-efficacy measure might be useful for evaluating people who are just beginning to recover their reaching function.

To the authors’ knowledge, the administration of self-efficacy measures in stroke rehabilitation has been exclusively acquired via questionnaires.
 ADDIN EN.CITE 
30,52-54
 Similarly, the reaching self-efficacy scores in this study were based on participants’ perceptions. However, we used the raw responses of perceived confidence for each distinct hand-target combination to then compute the reaching self-efficacy score. The reaching self-efficacy score for a given hand-target combination was the ratio of how many times the hand-target combination was reported as ‘more confident’ to the number of presentations. As Rosenbaum and colleagues44
 noted in their psychophysical estimates of movement cost, one of the advantages of using a forced-choice method (as used here) rather than the single-target rating method (e.g., as in the questionnaires in previous studies) is to avoid situations in which people give ceiling or floor scores for most of the items, thus providing better resolution for the measure.44
 Indeed, this level of resolution or sensitivity was not achieved in our pilot studies when we assessed self-efficacy for single targets without reference to other targets.
The reaching self-efficacy score for the mirrored movements of each arm was used to determine differences in reaching self-efficacy between arms. Using the mirrored movement comparisons for all targets in the two-dimensional horizontal plane, we found that reaching self-efficacy of the dominant arm was significantly higher than that of the non-dominant arm in the control group. As expected, the reaching self-efficacy of the paretic arm was significantly lower than that of the non-paretic arm in the stroke group. Previous measures of upper limb recovery typically test the arms in two separate conditions (e.g., non-paretic arm first and then paretic arm, for example with the Wolf Motor Function Test (WMFT)

38

) or to test the arms by presenting the testing objects in the midline for both arms to respond (e.g., the Actual Amount of Use Test (AAUT)55
). However, the WMFT does not have enough resolution for testing paretic arm recovery when the arm is severely impaired and the AAUT only provides information regarding paretic arm function at the midline. Although these measurements do not attempt to measure self-efficacy, using the mirrored movement comparisons for all targets allows us to determine the difference in reaching self-efficacy between arms for the entire two-dimensional horizontal plane, a complete presentation of working space for the upper limbs.

Self-efficacy has recently emerged in both research and clinical domains as a means to better understand and predict recovery after stroke.24,
 ADDIN EN.CITE 
28,56
 Self-efficacy is both task-specific and motivational in nature. The reaching self-efficacy measure developed here may be useful in future research to better understand the factors important to the recovery and rehabilitation of upper limb functional reaching after stroke. In clinical contexts, evaluation of an intervention for self-efficacy may help patients regain specific motor skills such as reaching. Routinely including self-efficacy measures may increase awareness of low confidence, thus leading to a better targeting of interventions and better outcomes.56
 Optimistic appraisals of patients’ capabilities including self-efficacy are therefore of considerable value for successful stroke rehabilitation.

An interesting though still preliminary finding that requires additional replication with a bigger and more balanced sample was the difference in reaching self-efficacy between the discordant (N = 10) compared to concordant paresis (N = 5) subgroups; these differences suggest that pre-morbid arm dominance may be an important factor mediating use of the paretic limb. The evidence for the influence of arm dominance on upper limb stroke rehabilitation has been inconclusive. Some studies found arm dominance played a role in motor capability recovery after an intervention
 ADDIN EN.CITE 
57,58
 and some did not.
 ADDIN EN.CITE 
6,59
 However, few studies have examined the influence of arm dominance on spontaneous arm use,

60

 which is reported to be an important indicator of upper limb functional recovery.
 ADDIN EN.CITE 
11,12
 For the first time, Rinehart and colleagues

60

 described the influence of arm dominance on spontaneous arm use after stroke. In their study, arm use was measured using accelerometers on participants’ wrists while performing the Arm Motor Ability Test. The amount of arm use was then defined as the percentage of time each arm was used. Similar to the finding in this study, they found that the difference of amount of use between arms was greater in the group with discordant than with concordant deficits. Although Reinhart and colleagues did not intend to investigate people’s perception of their capability, the consistency between studies is suggestive of a potential relationship between self-efficacy and related physical capability and use (i.e., arm use) for upper limb recovery after stroke.

This study is not without limitations. First, the laboratory-based reaching task was designed on a two-dimensional plane. One would expect a reaching task in three-dimensional space to be more fully reflective of how people perceive their confidence in using their paretic arm in daily life. In addition, although reaching is a commonly used task in stroke rehabilitation, a reaching movement that requires hand grasp of a specific object might provide more insight into the development of self-efficacy for upper limb tasks encountered during recovery after stroke. However, because this is a new area of research, this type of constrained targeted study is a necessary first step in beginning to establish methods for accurate and valid measurement of self-efficacy in post-stroke upper limb recovery.

Conclusion

We report the discriminant validity for the first high resolution self-efficacy measure designed to assess upper limb reaching actions after stroke. We developed a laboratory-based, task-specific self-efficacy measure for reaching movements and provided initial support for its measurement validity. Preliminary findings suggest that arm dominance may play a role in perceived confidence in using the paretic arm. It is important to take into account potential perceived differences in relative limb capability in daily activities for individuals with concordant or discordant paresis when designing stroke rehabilitation regimens.
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