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Abstract

Background and Purpose—Examining participant-perceived change in walking provides 

insight into whether changes were meaningful for participants. This study examined the 

relationships between change scores in standardized walking outcomes and ratings of perceived 

change following exercise post-stroke.

Methods—Self- and fast-paced gait speed and 6-Minute Walk Test (6MWT) distance were 

assessed in 22 participants (age 67±10.3 years, 1.8±0.9 years post-stroke) before and after a 3-

month exercise program. Perceived changes were evaluated using a 15-point Likert scale. 

Correlation analyses between measured and perceived change were performed. Subgroups of low 

and high baseline scores were compared for differences in measured and perceived change.

Results—6MWT change was correlated with perceived change (ρ=0.52, P=0.01), greater change 

was demonstrated among participants who perceived improvement relative to those who did not 

(difference 34.4 meters (95% CI 17.2, 51.6), P=0.04). After controlling for measured change, 
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participants with low baseline 6MWT distances perceived less change compared to those who 

walked high distances at baseline (P=0.006).

Discussion and Conclusions—A global rating scale using meaningful and context-specific 

questions was used to determine the relationship between measured and participant-perceived 

change in 6MWT distance. A meaningful difference in 6MWT change was observed between 

participants who did and those who did not perceive improvement. Individuals with lower baseline 

scores may require larger changes in walking distance to perceive that a change has occurred. This 

study contributes to a growing body of evidence about the relationships between perceived and 

measured change in function, and is a step in determining thresholds for perceived change in 

walking after stroke.

Introduction

The most important goal cited by people living with stroke is to improve walking function.
1, 2 Mobility interventions, including community exercise programs for people with stroke, 

are effective in improving walking ability, as demonstrated through randomized controlled 

trials using standardized outcome measures. In meta-analyses of overground physical 

therapy gait training3 and intensive gait and mobility training after stroke,4 such 

interventions are effective in improving walking speed and endurance (measured with the 

Six-Minute Walk Test, 6MWT). Additionally, in an 8-week non-controlled trial, community 

exercise for people with stroke was effective in improving gait speed.5 Most recently, results 

from the Locomotor Experience Applied Post-Stroke (LEAPS) trial demonstrated that both 

body-weight supported treadmill training and traditional physical therapy intervention 

resulted in positive benefit to walking speed and endurance.6

While these studies have demonstrated significant intervention-related benefits, Beaton and 

colleagues7 emphasized that statistical significance may not necessarily result in clinically 

relevant or important changes. Duncan and colleagues6 did report that more than 50% of 

study participants in the LEAPS trial exceeded thresholds for meaningful change in these 

areas. Although there are different approaches to identifying clinically important change, the 

participants’ perspectives are considered paramount as indicators of whether or not 

interventions were meaningful to the consumer. Whether measured changes in walking are 

perceived by study participants are not well understood.

Broad-based, health-related quality of life questionnaires have been used to evaluate self-

reported change after exercise, but often in the form of summary scores for overall physical 

function rather than dedicated questions that specifically relate to measures of walking. 

Global rating scales may offer a reasonable alternative to health-related quality of life 

questionnaires. These are anchor-based methods for evaluating change in an individual’s 

health status over time, whereby the degree of change corresponds to an external criterion, 

or anchor.8 They are easy to administer and interpret9 and have been used to determine 

minimal clinically important change in symptom severity for other populations, including 

chronic obstructive pulmonary disease,8, 10 carpal tunnel syndrome11 and low back pain 

populations.12
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A commonly-used global rating scale is the 15-point Likert scale, wherein 0 represents the 

middle anchor of “No change” and the scale spans from +7 “A very great deal better” to −7 

“A very great deal worse”.8 This scale was used to establish small and meaningful changes 

post-exercise in older adults (0.05 m/s for gait speed and 20 m for 6MWT distance).13 While 

this study included a cohort of participants with stroke, global rating scale data for perceived 

change were not available for this subgroup.

The relationships between perceived changes using a global rating scale and measured 

changes in physical function have not been extensively studied. Examining these 

associations are important for understanding the broad benefits of mobility interventions 

among various populations – physical and perceived changes – particularly with those with 

limited walking ability. Fulk and colleagues14 used the 15-point global rating scale to 

establish clinically important change in gait speed among individuals completing outpatient 

stroke rehabilitation intervention. A positive correlation was reported between perceived 

change in physical endurance and change in measures of cardiorespiratory fitness following 

an exercise program for older adults,15 which suggests that individuals have the capacity to 

perceive measured changes in function. One study reported a correlation between perceived 

benefit of peroneal nerve stimulation and measured reduction in walking effort 

(physiological cost index) among 20 participants with drop-foot (n=13 with stroke),16 which 

suggests that individuals may be able to relate perceived changes in walking to actual 

walking effort. In individuals with chronic obstructive pulmonary disease, perceived changes 

in the endurance shuttle walking test were positively correlated with measured changes in 

performance.17

To date, only a few studies have examined the relationships between measured and perceived 

changes in walking ability following exercise interventions for people with stroke. In 

addition, the majority of previous studies evaluated the perceived change with respect to a 

laboratory-based walking test and did not attempt to determine the perceived changes in the 

context of every day walking activities in one’s own environment. By understanding 

participants’ perceptions of the benefits derived, we may gain important insight into whether 

interventions result in meaningful benefits to the consumers. Perceived changes in function 

may have a greater influence on the engagement of physical activity than the actual change 

measured on performance-based outcome measures. This is important for understanding 

whether the intended benefits of improved mobility and community participation are truly 

realized.

The purposes of this study were to 1) establish the relationships between measured change 

scores in standardized outcome measures of walking ability (gait speed and 6MWT) and 

self-reported (perceived) change after participating in a community-based stroke exercise 

program, and 2) examine whether baseline scores influence measured and perceived change. 

Results from this study add to the understanding of these outcomes measure by determining 

if a given change is sufficient for participants to notice a change in their abilities.
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Methods

This study utilized participants from one site of a larger multi-site trial that examined the 

effectiveness of a multi-component community-based participation program for individuals 

with stroke. Study procedures were approved by local university and hospital research ethics 

boards. Informed written consent was obtained from all participants. The main trial used a 

randomized lag-control design, where both groups received the same intervention but start 

points were offset by 3 months. For the purposes of the current study, both groups were 

collapsed into a single group for analysis of changes before and after exercise.

Participants

Participants were eligible for the study if they were at least 6 months post-stroke, living in 

the community, had completed rehabilitation and were able to follow 3-step commands. 

Exclusion criteria were neurological conditions other than stroke, or significant 

musculoskeletal conditions (e.g. rheumatoid arthritis).

Intervention

The community program was conducted as group classes of 10 to 15 participants. Twice-

weekly 2-hour classes were comprised of 1 hour each of Group Exercise and Leisure 

Activities. Group Exercise consisted of moderate exercise including stretching, walking and 

other functional activities (such as sit-to-stand, step-ups on low rises, obstacle course) aimed 

at improving strength, walking and balance. Leisure Activities included socialization, games 

and conversation.

Assessments

Participant demographics were recorded, including age, sex and details of stroke (time post 

event, type of stroke, side of hemiparesis). Use of gait aids was noted.

Measured change in walking ability

Assessments conducted before and after 3 months of the community participation program 

included:

Self- and fast-paced 5-meter gait speed—Comfortable and maximal gait speeds were 

performed over a 9-meter distance, where the middle 5 meters were timed. Gait aids were 

permitted. The same gait aids were used at both time points. The average of 2 trials at each 

pace was determined. High test-retest reliability has been reported for comfortable- and fast-

paced gait speed measures among people with stroke.18

6-Minute Walk Test (6MWT)—Standardized instructions19 were given to walk as far as 

possible in 6 minutes over a 42-meter square course. Gait aids were permitted. The same 

gait aids were used at both data collection time points. The 6MWT has high test-retest,
18, 20, 21 inter- and intra-rater reliability22 and concurrent validity with VO2peak21 among 

individuals with stroke.
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Perceived change in walking ability

After 3 months of the program, participants were asked to rate perceived changes in walking 

ability relative to their status at the beginning of the program using a 15-point Likert scale,8 

as illustrated in Figure 1 (verbal anchors provided for each point on the Likert scale8 are not 

shown) Figure 1 also outlines the specific questions posed and corresponding outcome 

measure. The questions were designed to relate closely with each measure in a functionally 

relevant context. For example, self-paced gait speed was believed to represent leisurely 

walking activities, and thus the question was posed accordingly.

Analysis

Descriptive statistics were performed. Paired t-tests were used to compare measured changes 

in walking ability over time.

Relationships between measured and perceived change in walking ability—To 

determine the relationships between measured change and perceived change, two analyses 

were performed. Firstly, Spearman correlation analyses quantified the relationships between 

change scores from the outcome measures (post score minus pre) and participants’ ratings of 

perceived change. Secondly, the sample was divided into 2 groups based on the lowest 

threshold for perceiving improvement, where Perceived Improvement group was defined as 

those whose self-reported change was +2 “A little better” or higher, and the No Perceived 

Improvement group for those with self-ratings were +1 “Almost the same, hardly any better 

at all” or lower13 (Figure 1). Then, Mann-Whitney U tests compared change in the 

performance measures between the Perceived Improvement and No Perceived Improvement 

groups.

Differences based on baseline scores—To determine whether baseline scores 

influenced differences in measured or perceived change, the sample was dichotomized into 

groups of Low or High baseline score. Cutpoints of 0.8 m/s (minimum speed requirement 

for independent community ambulation after stroke) and 288m (0.8 m/s * 6 minutes) divided 

low and high baseline groups for self-paced gait speed23 and 6MWT distance, respectively. 

For fast-paced walk, 1.38 m/s was used to divide low and high baseline groups, based on the 

minimum speed required to cross the intersection of faster walk signals.24 One-way analyses 

of covariance were performed to compare between-group differences in perceived change 

for each variable, while controlling for measured change (covariate).

Statistical Package for the Social Sciences (Version 17.0, Chicago IL) was used with a 

significance level of P<0.05.

Results

Twenty-two participants (n=13 men, mean ± SD age 67 ± 10.3 years, time post stroke 1.8 

± 0.9 years, Montreal Cognitive Assessment Score 23.7 ± 4.4) completed 3 months of the 

community participation program. Ten (45%) participants did not use gait aids for walking, 

9 (41%) used canes and 3 (14%) used walkers. Walking speeds and 6MWT distances at each 
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time point, and measured and perceived changes are presented in Table 1. Significant 

improvements were demonstrated in self- and fast-paced walk and 6MWT distance.

Relationships between measured and perceived change in walking ability

There were no correlations observed between measured and perceived change in self- 

(ρ=0.32, P=0.15) and fast-paced gait speeds (ρ=0.34, P=0.12). The change in 6MWT 

distance was moderately correlated with self-reported change in ability to walk for long 

periods of time (ρ=0.52, P=0.01). The relationship between measured and perceived change 

is illustrated in Figure 2.

The positive relationship between measured and perceived change in 6MWT ability was 

supported by the group comparison between the Perceived Improvement (self-ratings ≥ +2) 

and No Perceived Improvement (≤ +1) groups, where improvement in 6WMT distance was 

higher in the Perceived Improvement group by 34.4 meters (95% CI 17.2, 51.6) relative to 

the No Perceived Improvement group (43.3 ± 34.3 versus 8.9 ± 40.7 meters respectively, 

Mann-Whitney U=27, P=0.04) (Table 2). There were no group differences in change scores 

in any of the other domains.

Differences based on baseline scores

The results of subgroup comparisons based on High versus Low baseline scores are given in 

Table 3. After adjusting for measured change scores in 6MWT, there were group differences 

in perceived change in ability to walk long distances (F(1,19)=9.61, P=0.006), wherein those 

exhibiting lower function at baseline perceived less change compared to those starting at 

higher baseline scores. Notably, the Low baseline group perceived less change despite 

demonstrating a similar or greater amount of measured change relative to the High baseline 

group.

Discussion

A novel feature of this study was the comparison of participant-perceived changes to 

measured change in walking ability following a community exercise program for people 

with stroke. Two other studies have examined self-ratings of perceived change in walking 

ability, but these were performed with a cohort of individuals with chronic obstructive 

pulmonary disease17 or a mixed sample of participants with drop-foot wherein only a 

portion were persons with stroke.16 Specific to stroke, earlier studies have examined change 

from clinicians’ perspectives25 or used distribution-based methods20, 26, 27 to determine 

minimal detectable change (where statistical significance is used to evaluate change, relative 

to the probability of observed change by random chance12). The current study contributes to 

a developing body of evidence examining the relationships between self-perceptions of 

change and measured changes in walking after stroke. Fulk and colleagues14 used an anchor-

based method to establish clinically important change in self-selected gait speed after 

outpatient stroke rehabilitation. Ours is the first study to use a global rating scale with people 

with stroke to determine participant-perceived changes in multiple dimensions of walking 

following a community exercise program.
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Using two different methods, we demonstrated a relationship between measured change in 

6MWT and perceived ability to walk long distances. Of note, the difference of 34.4 meters 

(95% CI 17.2, 51.6) in 6MWT distance between the Perceived Improvement and No 

Perceived Improvement groups exceeds the 20 meters established using anchor-based 

methods as a small yet meaningful change in 6MWT distance in older adults.13 In contrast, 

despite demonstrating statistically significant improvements in gait speed, study participants 

were not able to detect that changes had occurred following participation in the program. 

Potentially, the measured change in self-selected gait speed (0.06 m/s) may, in fact, not have 

reached the threshold to be clinically meaningful for this population. Indeed, the change 

measured is less than the 0.1626 to 0.2027 m/s values reported for clinically detectable 

change in self-selected gait speed in individuals with stroke.

Our results are aligned with those reported by Pepin and colleagues,17 who also reported a 

positive association between self-ratings of perceived change and measured change in the 

endurance shuttle walk test in individuals with chronic obstructive pulmonary disease. A key 

difference between Pepin and colleagues17 and the current study lies in how perceived 

change was evaluated: the former study asked how participants rated their perceived 

performance on a specific outcome measure, whereas we inquired whether participants 

noted changes in various aspects of walking representative of daily activities. By asking our 

participants to gauge changes in their “ability to walk for a long period of time”, we 

evaluated perceived change that reflects the intended aim of the 6MWT, as well as potential 

meaningful changes in walking that our participants may have experiences in the context of 

every day activities. Our approach provided an estimate of the functional relevance of 

intervention-derived benefits to walking.

Thus, to more accurately evaluate self-reported changes in walking ability following 

mobility interventions, meaningful and context-specific questions are required that reflect 

the components of walking that is being evaluated. In the current study, we attempted to 

achieve this by carefully considering the functional context of each outcome measure 

examined. Since we did not observe an association between measured changes in gait speed 

from the 5-meter walk test and perceived changes in the ability to walk leisurely or to walk 

fast, the relevant questions may require further refinement to better reflect the intention of 

the test (e.g. “… has there been any change in your ability to walk at a leisurely/fast pace?”). 

Future research in this area may further elucidate this.

The other key and novel finding from this study was that, after controlling for measured 

change scores, participants with lower distances walked at baseline on the 6MWT perceived 

less change compared to those with higher distances walked. These results suggest that, with 

participants who start at a lower functional level, a greater magnitude of measured change 

may be required for them to perceive the change. Similarly, in a study by Beninato and 

colleagues,25 attending physicians on a stroke unit were asked to rate their perceptions of the 

changes in the Functional Independence Measure demonstrated by their patients, and those 

with lower admission scores needed to demonstrate larger change scores to be detected. 

These results are consistent with the current study in that, among individuals starting at 

lower baseline scores, measured changes in a test of walking endurance may not result in 

perceived improvements in the ability to walk long distances. Alternatively, it is possible that 
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the community intervention was not sufficient to result in changes in 6MWT performance 

that exceeded the minimum threshold that would be perceived by the study participants. 

Secondary analysis revealed that, of the 12 participants who were in the Low baseline group 

for 6MWT, change scores in 9 (75%) participants were less than the 54m cited as the 

minimally detectable change among individuals with stroke.20

Study limitations

The limitations of this study must be acknowledged. Firstly, the small sample size increased 

the risk for failing to observe a change that was present (type II error). A larger pool of 

participants would also permit greater in-depth analyses, including creating multiple 

subgroups for comparison. Secondly, there may also be limitations to using global rating 

scales. The reliability of this measure is not established,28 and there exists a potential 

influence of recall bias on self-report scores.9, 29 Future work may seek to examine the 

reliability of using the global rating scale to measure perceived change in walking ability 

after stroke, and may utilize distribution-based methods to confirm the findings of anchor-

based approaches. Additionally, it is possible that the socialization component of the 

community exercise program may have also affected the participants’ perceptions of their 

recovery of walking function, in addition to the physical exercise itself. This study, however, 

sought to establish the relationships between perceived and measured change in walking 

after stroke over time (irrespective of the intervention), and did not aim to differentiate 

between the relative contributions of all potentially influential factors. This may be an area 

for future research, where factors that predict participant-perceived changes are explored. 

Furthermore, while change scores may be calculated using a number of different methods 

(such as absolute difference, percent change, or ratios), we chose to use absolute change 

scores, as these units would be most meaningful to clinicians. We did undertake post-hoc 

correlation analyses of percent change scores and perceived change and found the results 

were consistent with the original analyses using absolute change; only percent change and 

perceived change in 6MWT distance were moderately correlated (ρ=0.43, P=0.049). Finally, 

factors such as cognitive and emotional status were not examined in this study, but may 

influence ability to perceive change in function. Future studies may examine the influence of 

these variables.

Conclusions

Global rating scales are of value to evaluate the perceptions of change in the ability to walk 

long distances after an exercise program for individuals with stroke. The ability to detect 

change may be dependent on baseline status. Evaluating perceived change provides 

important insight for clinicians about whether the intervention results in meaningful benefit 

from the perspective of participants. This was the first study to evaluate the relationships 

between measured change from standardized outcome measures and perceived change with 

questions phrased in functionally relevant contexts. This study is an important step in 

determining thresholds for perceived change in walking ability after stroke.
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Figure 1. 
Determining perceived change using A) questions, and B) a 15-point global rating scale
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Figure 2. 
Relationships between Measured and Perceived change
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