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ORIGINAL ARTICLE
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Evaluation University of Toronto, Toronto, Canada; fPublic Health Sciences, Management & Evaluation University of Toronto, Toronto, Canada; 
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ABSTRACT  
Purpose: Long-term limitations in social participation are common after stroke. Whether these can be 
attenuated through a tele-rehabilitation approach is unknown. We were particularly interested in examin-
ing transfer of learning effects which could result in broader improvements in social participation. 
Methods: We adapted a strategy training rehabilitation approach (tele-CO-OP) for remote delivery. 
Participants with chronic stroke were randomized to receive the intervention (EXPT) or to a wait list 
(Control). Feasibility and acceptability were measured via attendance scores, satisfaction with the training 
and therapist evaluation of engagement with the training. The primary outcome measure was the 
Canadian Occupational Performance Measure (COPM), a standardized semi-structured interview which 
elicits difficulties in day-to-day life. 
Results: Seventeen participants were randomized. Tele-CO-OP was found to be feasible and acceptable: 
participants reported high satisfaction and engagement, and missed few sessions. Large effect sizes for 
transfer of learning effects were observed in favor of receiving tele-CO-OP vs being waitlisted. Significant 
benefits were also conferred to the Control group following receipt of tele-CO-OP. The intervention also 
appeared to improve mood. 
Conclusions: This exploratory study demonstrates the feasibility and acceptability of tele-CO-OP and provides 
preliminary evidence for transfer of learning effects to untrained everyday social participation activities.  

Trial registration number: NCT02724813    

� IMPLICATIONS FOR REHABILITATION 
� Stroke results in long-term limitations in social participation. 
� The Cognitive Orientation to daily Occupational Performance (CO-OP) Approach provides a potential 

avenue for ameliorating these limitations. 
� This pilot randomized controlled trial demonstrated that it is feasible to deliver tele-CO-OP and that 

positive benefits may accrue to those receiving the intervention for both trained and 
untrained activities. 

� Tele-CO-OP is a promising intervention for addressing long-term participation limitations in individuals 
with chronic stroke. 
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Introduction 

For many survivors, stroke results in substantive, long-term dis-
ability and lower levels of social participation [1]. Data from the 
Cardiovascular Health Study (n¼ 5888) demonstrates an annual 
increase in the trajectory of disability among survivors of stroke 
[2]. Prospective cohort studies have also found reductions in 
social participation over time [1,3–5]. The public health burden 
associated with this is enormous and growing in part due to 

reduced stroke mortality and population growth [6,7]. The total 
cost of stroke, in the US alone, has been estimated to be greater 
than 240 billion dollars by 2030 [8]. Rehabilitation targeting long- 
term improvements in activity and participation levels is one 
approach toward reducing these escalating costs and burdens at 
societal and individual levels. 

A recent systematic review reported that lower levels of par-
ticipation are found among people with stroke with lower levels 
of mobility, lower mood and poor cognitive function [9]. Worse 
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cognitive function associated with both early and long-lasting 
activity limitations and participation restrictions, regardless of age, 
was reported in a separate meta-analysis [10]. In relation to poor 
cognitive function, executive dysfunction is one of the most 
prevalent areas of cognitive impairment in stroke [4,11,12]. 
Impairments in executive function are associated with lower levels 
of independence in basic and instrumental activities of daily liv-
ing, worse participation and increased risk for institutionalization 
[13,14]. This suggests that rehabilitation interventions that provide 
an opportunity for people to manage or compensate for their 
executive impairments may be particularly beneficial with the 
most benefit likely derived from interventions that promote gen-
eralization of learning to activities not specifically trained during 
therapy as this would allow individuals to (re)acquire skills and 
goals on an ongoing basis outside of any formal rehabilitation. 
Such transfer of training effects are notoriously difficult to achieve 
in rehabilitation, however, a burgeoning amount of evidence sug-
gests that cognitive strategy training does provide some transfer 
effects [15]. 

The Cognitive Orientation to daily Occupational Performance 
(CO-OP) Approach is one strategy training approach for which evi-
dence of transfer exists. The first evidence, a single case series, 
showed that transfer could be achieved in everyday motor tasks 
(e.g., walking faster, putting on a coat) in people with chronic 
stroke: individuals were able to transfer learning strategies to 
untrained activities and improve their performance and satisfac-
tion with performance on these untrained activities [16]. A second 
single case study demonstrated evidence for transfer of training 
using the CO-OP Approach for a variety of activities (e.g., getting 
involved in leisure activity, cooking more meals) in people with 
executive dysfunction following traumatic brain injury [17,18]. 
Since these two seminal studies, a series of studies including 
randomized controlled trials have corroborated the benefits of the 
CO-OP Approach and other similar strategy training approaches 
for improving everyday activities in people with acute, sub-acute 
and chronic stroke with and without cognitive impairments and 
for achieving transfer of learning [19–22]. 

One key consideration for addressing the goal of reducing the 
global burden of stroke by optimizing survivors’ autonomy and 
independence in their activity and participation is access to 
rehabilitation. The global pandemic has facilitated the use of tele-
rehabilitation which is thought to improve access to and costs of 
services [23]. A recent Cochrane review identified 22 randomized 
controlled trials that met criteria for addressing the review aim of 
determining whether telerehabilitation would lead to improved 
abilities, by stroke survivors, to perform activities of daily living 
compared with (i) in-person, or (ii) no rehabilitation or usual care 
[24]. The authors reported low to moderate evidence suggesting 
that telerehabilitation is comparable to in-person therapy. 
However, this conclusion was made cautiously due to the limited 
number of trials and considerable heterogeneity among them and 
more research in this emerging field including data on acceptabil-
ity and feasibility of outcomes was called for. Notably, none of 
the trials included in this review included interventions designed 
to manage cognitive difficulties nor address aspects of social 
participation. 

Two tele-CO-OP pilots have been undertaken with individuals 
with chronic acquired brain injury, a series of single cases (n¼ 5) 
[25] and a partially randomized pilot trial (n¼ 16) [26]. Both dem-
onstrated clinically significant improvements on meaningful activ-
ities of daily life. We elected to report further feasibility and pilot 
work for four reasons. Neither of the previous two studies were 
fully randomized, both included a mixed sample of people with 

stroke and traumatic brain injury and thus were not specific to 
stroke, in both assessments were conducted by the treating thera-
pists unmasked to group assignment which may have led to 
biased estimates of treatment effect, and both were undertaken 
in the same middle Eastern geographical location which may 
have influenced recruitment, retention, compliance and accept-
ability ratings of the intervention. 

Thus, we undertook the current pilot study with the specific 
objectives being:   

1. To establish the feasibility and acceptability of the tele-CO-OP 
to adults with executive cognitive impairment post- 
stroke; and 

2. To estimate preliminary efficacy of tele-CO-OP on improving 
untrained everyday life activities, general satisfaction with 
community integration and mood in a single-blind random-
ized control trial. 

In addition, we aimed to characterize the types of participation 
and activity limitations identified by those with chronic stroke in 
order to illuminate the range of activities that can be addressed 
through tele-CO-OP with this population. 

Materials and methods 

Design 

This was a pilot, single-blind (assessor), randomized control trial. 
Participants were randomized to receive tele-CO-OP immediately 
(EXPT) or to a wait-list control condition (Control). Participants in 
the Control group were offered tele-CO-OP after the waiting 
period. The Baycrest Research Ethics Board provided ethics 
approval (REB # 15-35). All participants provided informed, written 
consent. The trial was registered at clinialtrials.gov 
(NCT02724813). 

The study design is depicted in Figure 1. The primary endpoint 
for the pilot trial (and for between group analyses) was Time 2, 
the post-test immediately following EXPT receiving the interven-
tion. For those in Control who wanted to receive the intervention, 
Time 2 also served as their pre-test for their CO-OP training. Their 
post-test is identified in Figure 1 as Time 4. One-month follow-up 
tests were conducted to probe maintenance effects. For EXPT, 
this was the Time 3 test and for those in Control who received 
the intervention, this was the Time 5 test. 

Participants 

Community dwelling stroke survivors were recruited through 
advertisements at collaborating stroke centers across Ontario and 
from a volunteer research participant database at Baycrest Health 
Sciences, Toronto, Canada. Inclusion criteria were that participants: 
be at least 6 months post stroke (to allow examination of the 
effects of the intervention separately from the spontaneous recov-
ery that can occur in acute/post-acute stroke), have access to a 
computer and high-speed internet, be fluent in written and spo-
ken English and have no severe aphasia, be impaired on one or 
more of the five items of the Executive Interview (EXIT) (those 
that could be administered via telephone, specifically saying alter-
nating numbers and letters, word fluency, anomalous sentence 
repetition, a memory/distraction test and a serial order reversal 
task) [27], score below the dementia cut-off (<30) on the 
Telephone Interview of Cognitive Status (TICS) [28], report no 
signs of depression on the Patient Health Questionnaire-9 (PHQ-9) 
(score �9) [29], have no other neurological conditions, and report 
no concurrent substance abuse. Additionally, participants had to 
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be able to self-identify specific areas of their everyday lives with 
which they were having difficulty and needed or wanted 
to improve. 

Randomization 
Randomization was done in blocks of two to ensure equal num-
bers in the experimental and control conditions with the 
sequence generated using a random numbers table by the statis-
tician (MB). Group assignments were kept in sequentially num-
bered, sealed, opaque envelopes and provided to the treating 
therapists once eligibility was determined. 

Sample size 
As this was a feasibility and pilot trial, sample size calculations 
were not conducted. 

Intervention 

Tele-CO-OP, adapted from the CO-OP Approach, was delivered in 
16 sessions (each up to one-hour in length), over a 10-week 
period by licensed occupational therapists trained in the CO-OP 
Approach by a CO-OP certified instructor (DD). 

Intervention sessions were delivered online via Skype and 
were recorded using PamelaTM for Skype. As this study was con-
ducted prior to the COVID 19 pandemic, Skype was selected as 
the optimal video-conferencing software as it was free to users 
and provided a secure platform through encryption [30]. Prior to 
starting the intervention, all participants received information 
about Skype and a weblink to allow for downloading. Research 
assistants provided participants with assistance with downloading 
(via telephone) and using the software prior to the beginning of 
the intervention (via telephone and via Skype). Pamela for Skype 
allows recording of Skype sessions. Intervention sessions were 
recorded to provide opportunity for CO-OP facilitators to engage 
in discussions about sessions with a trained CO-OP instructor (first 
author) to support treatment fidelity. The use of Pamela for Skype 
in relation to testing is described below. 

The CO-OP Approach, detailed in two published texts, provides 
participants with cognitive strategy training in the context of their 
self-identified areas of everyday life difficulty [31,32]. Essential ele-
ments include use of client-selected goals (focused on everyday 
life activities), application of a meta-cognitive strategy (Goal-Plan- 
Do-Check), collaborative analysis (participant and therapist) of bar-
riers to goal attainment, guided discovery in which the therapist 
guides (rather than telling) participants to “discover” or develop 
the intention or plan that will move them toward goal attain-
ment, and promotion of learning and generalization by the therap-
ist through direct discussion concerning the application of 

strategies in a wide variety of everyday life situations. Charts are 
maintained by participants to keep track of their individual goals, 
plans and progress [33]. 

Participants in Control received “treatment as usual,” which for 
people six months or more post-stroke is typically no active 
rehabilitation. Among our participants, four reported current 
attendance at physiotherapy programs for exercise, two were 
going once/week, one was going twice/week and the fourth was 
starting a program within the next month. Three of these partici-
pants were in EXPT. 

Measures 

Socio-demographic data were collected at baseline and partici-
pants’ pre-morbid IQ was estimated using the vocabulary subtest 
of the Wechsler Abbreviated Scale of Intelligence, 2nd Ed (WASI-II) 
(Wechsler, 2011) [34]. Baseline anxiety was measured using the 
Generalized Anxiety Disorder-7 (GAD-7) [35]. Baseline cognitive 
status was measured using an online test battery from Cambridge 
Brain Sciences (CBS) that included eight tasks selected to test 
attention, working memory and other aspects of executive func-
tion [36]. Descriptions of tasks are available on the CBS website 
(https://www.cambridgebrainsciences.com/science/tasks). The CBS 
tasks have been found to be reliable and valid [36,37]. Normative 
data were made available by CBS for four of the eight tests used. 
Control data were matched to our data by age (within nine years), 
education, and gender. 

Three variables were used to address the first objective of the 
study, to explore the feasibility and acceptability of tele-CO-OP for 
adults with stroke-related executive cognitive impairment: attend-
ance, satisfaction and engagement with the rehabilitation process. 
Attendance was measured as the number of sessions attended 
out of the 16 offered. Satisfaction was measured using the Client 
Satisfaction Scale, an eight-item measure that has been shown to 
be reliable and valid and used previously with people with stroke 
[38]. Participant engagement with the rehabilitation process was 
measured using the Hopkins Rehabilitation Engagement Scale 
[39]. This five-item scale was designed to provide a measure of 
participants’ effort and motivation in their therapy sessions. 
Therapists provided their ratings of participant engagement at 
the end of the intervention time period. 

Three measures were used to estimate preliminary efficacy and 
provide data for future, fully powered trials. Improvements in 
everyday life were operationalized as performance and satisfaction 
improvement on self-identified everyday life activities. These activ-
ities were identified using the Canadian Occupational 
Performance Measure (COPM) [40], a standardized, psychometric-
ally sound, semi-structured interview that has been previously 

Figure 1. Study design.  
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used in intervention research, including studies about the CO-OP 
Approach [e.g., 16–19]. During COPM interviews, participants iden-
tify everyday activities that they need to or would like to do but 
were having difficulty with because of their stroke. Performance 
and satisfaction were rated by the individual using 10-point Likert 
scales. For performance, 1 on the scale represents not being able 
to do it the activity and 10 represents being able to do it 
extremely well. For satisfaction, 1 on the scale represents not at 
all satisfied with their performance and 10 represents being 
extremely satisfied with their performance. Changes of two or 
more points on these scales have been determined to be clinically 
significant [41]. Participants were asked to identify four to six 
goals, two of which remained untrained to serve as a measure of 
generalization of strategy use to untrained activities. 

The second measure, the Reintegration to Normal Living Index 
(RNLI), provides a psychometrically sound measure of general sat-
isfaction with participation in the community [42]. Participants 
rate 11 items (e.g., I participate in social activities with my family, 
friends and/or business acquaintances as is necessary or desirable 
to me; I move around my community as I feel necessary) using 
10 cm visual analogue scales (anchors “does not describe me or 
my situation”, “fully describes me or my situation”). In addition, 
we assessed mood using the PHQ-9 [29]. 

Potential participants were screened over the phone, and if eli-
gible, a testing session was scheduled to collect baseline data 
and do the pre-test (Time-1). All testing was conducted by trained 
research assistants masked to group enrolment and most was 
conducted via Skype. Recordings made with Pamela for Skype 
were used to ensure reliability of scoring. Prior to the first testing 
session, participants were mailed visuals needed for all question-
naires and the COPM to facilitate the completion of these meas-
ures via Skype. For the questionnaires, the research assistant read 
the items and asked the participant to refer to the rating scales 
they had been sent to provide the answers. 

Planned analysis 
All data were analyzed using IBM SPSS Statistics Version 28.0.1.0 
and Microsoft Excel for Mac Version 16.43. Data were cleaned and 
checked for accuracy and missing values. Descriptive statistics 
were conducted for all data. Cohen’s d effect sizes were calculated 
for baseline group comparison. For the primary endpoint (Time 
2), mean change scores and standard deviations were calculated 
and between group analyses were conducted using two-tailed 
t-tests for independent samples. 

Within group analyses were conducted using two tailed t-tests 
for paired samples. Parametric tests were used as they can be 
used with Likert-type data and are robust to non-normal distribu-
tion and small sample sizes [43]. As this was a pilot study, a sig-
nificance level of p< .05 was set for all analyses. Cohen’s d effect 
sizes and 95% confidence intervals were also calculated. 
Interpretation of Cohen’s d effect sizes are as follows: 0.2 repre-
sents a small effect, 0.5 a medium effect and 0.8 a large 
effect [44]. 

Goals identified by all participants through the COPM were 
organized according to the nine categories of activities and par-
ticipation identified in the International Classification of 
Functioning, Disability and Health (ICF) [45]. 

Results 

Participant flow through the study is illustrated in Figure 2 
(CONSORT flow diagram) and baseline characteristics are 
described in Table 1. Seventy-seven participants were screened 

via telephone for eligibility. Of the 60 excluded, 28 did not meet 
inclusion criteria (no access to internet (n¼ 12), no computer 
(n¼ 1, unfortunately, the operating system of their tablet did not 
allow for administration of the CBS tests, severe aphasia (n¼ 4), 
no impairment on the executive cognitive screen (n¼ 4), scored 
>8 on the screening PHQ-9 (n¼ 4), reported a diagnosis of mild 
cognitive impairment (n¼ 2), reported a substance abuse issue 
(n¼ 1)), 17 declined to participate and 15 were excluded for other 
reasons (we were unable to contact 12 individuals). One person in 
Control was excluded after they had started their CO-OP training 
(i.e., after Time 3 testing) for a medical reason. 

Seventeen individuals met study inclusion criteria and were 
randomized to EXPT or Control. Participant characteristics are 
shown in Table 1. None of the differences between groups (calcu-
lated using independent, two-tailed, t-tests) reached statistical sig-
nificance but moderate to large effect sizes were found for a 
number of variables with EXPT participants being younger, less 
educated and more years post-stroke. In addition, EXPT scored 
lower (better) on the depression and anxiety measures. A closer 
examination of the data showed all except one participant (in 
Control) scoring 6 or below on the GAD-7. While all participants 
scored 8 or below on the PHQ-9 on their telephone screen, two 
participants, one in each group, scored higher at the Time 1 
assessment. Negligible to small effect sizes were found between 
groups on the EXIT and TICS. While large effect sizes were found 
on two of the CBS tests (Paired Associates, Token Search, the 
comparison to available normative data confirmed participants in 
our study to be cognitively impaired as their scores were substan-
tially lower scores than those of the CBS controls. 

The average waiting time for Control participants was 
8.3 (± 1.29) weeks. Data related to feasibility, acceptability and 
engagement with the intervention are shown in Table 2. 
Measures for EXPT were taken at T2, the end of their intervention 
period and for Control at T4, the end of their intervention period. 
Only one participant missed more than two CO-OP sessions. 
Three other participants (2 in EXPT, 1 in Control) missed one or 
two sessions primarily due to scheduling issues. All waitlist partici-
pants participated in the intervention. One of these was excluded 
due to a medical event occurring shortly after the intervention 
started and one withdrew after seven sessions reporting they 
were experiencing little benefit and starting physiotherapy twice/ 
week. This latter person completed all post and follow-up tests. 

After each group had received their intervention (average 
length of intervention was 8.02 ± 2.00) weeks, participants in the 
EXPT reported somewhat higher satisfaction at the end of their 
intervention period than those in Control. The effect size of this 
difference was small-moderate but did not reach statistical signifi-
cance. Comments provided to research assistants (masked to 
group assignment) at the testing session immediately following 
participants receiving the CO-OP intervention, were positive with 
one exception in which the participant stated they wanted more 
suggestions of what to do. Another participant commented that 
they would have like to meet in person and one commented on 
being satisfied with their progress but had problems with Skype. 
Therapists rated participants engagement with their intervention 
to be high and very similar in both groups. 

Between group comparisons 

Summary statistics, change scores and effect sizes for comparisons 
at the primary endpoint (T2–T1) are shown in Table 3. Large 
effect sizes are seen for changes in performance of untrained 
goals in EXPT compared to Control. Untrained goals are those 
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that were identified at T1 but were not addressed in any of the 
training sessions. Importantly, these changes averaged more than 
2 points. The effect sizes for changes on the RNL Index were small 
favoring the Control group. Effect sizes for mood were also small, 
favouring EXPT. 

Within group comparisons 

These comparisons were calculated comparing the pre-post and 
pre-follow-up tests for each group related to when they received 
their intervention. Thus, for EXPT, the pre-intervention test was 

Figure 2. Consort flow diagram.  

Table 1. Participant characteristics. 

Characteristic 
EXPT (n¼ 8) Control (n¼ 9) Cohen’s d effect size CBS controls 
(Mean ± SD) (Mean ± SD) (95% Confidence interval) (n¼ 6039)  

Age (years)   54.75 ± 11.78   63.33 ± 12.00   0.72 (� 1.70–18) 56.86 ± 11.75 
Gender (male/female) 4/4 5/4 n/a 53.00% male 
Education (years)   15.00 ± 2.88   16.67 ± 2.74   0.59 (� 1.56–0.39) 16.23 ± 2.24 
Marital status (married/single) 4/4 3/6 n/a n/a 
Time since stroke (years)   9.54 ± 8.48   8.17 ± 8.93   0.16 (� 0.80–1.11) n/a 
PHQ-9   3.00 ± 3.38   5.22 ± 5.23   � 0.50 (� 1.46–0.48) n/a 
GAD-7   0.88 ± 1.13   4.33 ± 5.41   0.86 (� 1.85–0.15) n/a 
EXIT   2.88 ± 1.96   2.33 ± 1.00   0.36 (� 0.61–1.31) n/a 
TICS   34.13 ± 2.03   34.22 ± 5.54   � 0.23 (� 0.98–0.93) n/a 
WASI-II   57.63 ± 10.20   56.56 ± 10.88   0.10 (� 0.85–1.05) n/a 
CBS test scores (higher scores indicate less impairment)   

Double trouble   7.11 ± 0.53   4.75 ± 13.01   � 0.20 (� 1.15–0.76) 26.17 ± 3.56  
Paired associates (max)   3.22 ± 0.97   4.00 ± 0.93   0.82 (� 0.19–1.80) 4.97 ± 0.31  
Monkey ladder (max)   5.78 ± 1.56   6.00 ± 1.20   0.16 (� 0.80–1.10) 7.48 ± 0.36  
Token search (max)   3.78 ± 1.73   4.98 ± 1.21   0.80 (� 0.21–1.78) 7.57 ± 0.56  
Mental rotations   26.67 ± 23.46   32.13 ± 28.53   0.21 (� 0.75–1.12)   
Odd one out   5.11 ± 6.59   7.75 ± 5.39   0.44 (� 0.54–1.39)   
Interlocking polygons   19.00 ± 15.29   25.88 ± 15.36   0.45 (� 0.52–1.41)   
Spatial planning   4.22 ± 6.50   5.50 ± 7.09   0.19 (� 0.77–1.14)   

Note: SD: standard deviation; CBS: Cambridge Brain Sciences; PHQ-9: Patient Health Questionnaire-9; GAD-7: Generalized Anxiety Disorder- 
7; EXIT: Executive Interview; TICS: Telephone Interview of Cognitive Status; WASI-II: Pre-morbid IQ estimated using vocabulary subset of 
the Wechsler Abbreviated Scale of Intelligence, 2nd ed.
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T1, post-test was T2 and follow-up test was T3. For Control, the 
pre-intervention was T2 (i.e., after they had completed the waiting 
period), their post-intervention test was T4 and follow-up test was 
T5. Statistics for these are shown in Table 4. Effect sizes related to 
performance and satisfaction changes on trained and untrained 
goals were all large (0.79–2.07). These and change scores at both 
post and follow-up show that participants in Control, who 
received the CO-OP intervention after waiting approximately 
10 weeks, benefited similarly to the group that received CO-OP 
immediately after randomization. A closer look at the COPM 
scores showed that 10 of the 16 participants had a pre-post CO- 
OP training performance change of two or more points. Of the 

participants with a change of less than two points, three were in 
the EXPT and three in the Control. One was the participant that 
dropped out after seven sessions. Despite the minimal changes 
reported, three of the remaining four reported high satisfaction 
with the intervention. 

Within group comparisons for change on the RNL were small. 
Within group changes on the PHQ-9 had moderate to large effect 
sizes with fewer depressive symptoms being endorsed at post- 
test and at follow-up. 

Table 5 provides a complete list of the 92 goals participants 
identified through the COPM interviews. All participants identified 
five to six goals, three of which were used for training. One of the 

Table 2. Feasibility, acceptability, and engagement with Intervention. 

Characteristica 
EXPT (n¼ 8) Control (n¼ 8) Effect size (Cohen’s d) 

Mean ± SD; median, (range) Mean ± SD; median, (range) (95% confidence interval)  

Attendance   15.88 ± 0.35; 16.00, (14–16) 14.63 ± 3.16; 16.00, (7–16)   0.56 (� 0.45, 1.55) 
Participant satisfaction   29.25 ± 2.38; 29.50, (25–32) 27.5 ± 4.84; 28.5, (7–32)   0.46 (� 0.54, 1.45) 
Rehabilitation engagement   18.13 ± 2.17; 18.50, (13–20)   17.63 ± 2.45; 19.00, (14–21)   0.22 (� 0.73, 1.20)  

Note: SD: standard deviation. 
aIndependent sample t-tests conducted on all variables revealed no significant differences.

Table 3. Between group outcomes at primary endpoint (Time 2). 

Outcome Group 
Time 1 

Mean ± SD 
Time 2 

Mean ± SD 
Time 2–Time 1, change score,  

mean ± SD 
Effect size (Cohen’s d) 

(95% confidence interval)  

COPM performance untrained EXPT   4.00 ± 1.92   6.38 ± 2.04   2.13 ± 2.28   0.84 (� 0.20–1.79) 
Control 3.98 1.67 4.55 1.56   0.57 ± 1.59 

COPM satisfaction untrained EXPT   4.15 ± 1.66   6.83 ± 1.95   3.04 ± 1.61   1.40 (0.31–2.45)�

Control 3.51 ± 2.03   4.06 ± 1.85   0.54 ± 1.92 
RNL EXPT   85.11 ± 20.13   81.36 ± 23.95   � 3.75 ± 24.53   � 0.24 (� 1.12–0.72) 

Control   76.56 ± 21.30   77.07 ± 19.22   0.51 ± 0.69 
Mood (PHQ-9) EXPT   3.00 ± 3.38   1.75 ± 1.83   � 1.25 ± 2.12   � 0.29 (� 1.24–0.68)  

Control   5.22 ± 5.23   4.89 ± 3.62   � 0.33 ± 3.91  

Note: SD: standard deviation; COPM: Canadian Occupational Performance Measure; PHQ-9: Patient Health Questionnaire-9. 
�p� 0.05 for between group, independent sample, two-sided, t-tests.

Table 4. Within group outcomes following CO-OP intervention. 

Outcome Group 

Pre-intervention 
test 

Mean ± SD 
Post-test 

Mean ± SD 

Post-pre 
change score, 

mean (SD) 

Effect size 
(Cohen’s d) 

(95% 
confidence 

interval) 
1-mos follow-up 

Mean ± SD 

FU-pre, change 
score, 

mean ± SD 

Effect size 
(Cohen’s d), 

(95% 
confidence 

interval)  

COPM 
performance 
trained�

EXPT   4.25 ± 2.30   6.96 ± 2.46   2.71 ± 2.91 0.93�� 6.00 ± 2.31   1.75 ± 2.17 0.81�

(0.07–1.75) (� 0.21–1.60) 
Control   4.54 ± 2.02   7.58 ± 2.08   3.05 ± 2.58 1.18�� 7.25 ± 1.97   2.71 ± 1.92 1.41���

(0.24–2.08) (0.39–2.34) 
COPM 
satisfaction 
trained�

EXPT   3.79 ± 1.23   6.06 ± 1.85   2.27 ± 1.23 1.85�� 6.02 ± 2.31   2.23 ± 1.80 1.23��

(0.65–3.00) (0.28–2.16) 
Control   3.88 ± 2.39   7.67 ± 2.22   3.79 ± 3.18 1.19�� 7.33 ± 1.81   3.46 ± 1.67 2.07���

(0.25–2.10) (0.78–3.31) 
COPM 
performance 
untrained�

EXPT   4.00 ± 1.93   6.38 ± 2.04   2.38 ± 2.45 0.97�� 6.83 ± 2.42   2.83 ± 2.99 0.95��

(0.9–1.80) (0.79–1.77) 
Control   4.69 ± 1.49   6.56 ± 1.99   1.88 ± 1.19 1.58��� 6.25 ± 2.04   1.56 ± 1.20 1.31���

(0.49–2.62) (0.32–2.25) 
COPM 
satisfaction 
untrained�

EXPT   4.15 ± 1.66   6.83 ± 1.95   2.69 ± 2.89 0.93�� 6.83 ± 2.42   2.69 ± 3.41 0.79�

(0.07–1.75) (� 0.35–1.57) 
Control   4.71 ± 2.20   6.38 ± 2.11   1.67 ± 1.32 1.26��� 6.92 ± 2.24   2.21 ± 2.12 1.04�

(0.29–2.18) (0.14–1.89) 
RNL EXPT   85.11 ± 20.13   81.36 ± 23.95   � 3.75 ± 24.53 � 0.15   78.41 ± 25.41   � 6.71 ± 27.49 � 0.22 

(� 0.85–0.55) (� 0.84–0.42) 
Control   80.57 ± 17.23   81.25 ± 19.24   0.68 ± 16.56 0.04   83.41 ± 19.21   � 2.84 ± 10.61 0.27 

(� 0.65–0.73) (� 0.49–0.97) 
Mood (PHQ-9) EXPT   3.00 ± 3.38   1.75 ± 1.83   � 1.25 ± 2.12 � 0.59   1.13 ± 1.73   � 1.88 ± 3.87 � 0.48 

(� 1.33–0.18) (� 1.21 � 0.27) 
Control   4.13 ± 3.00   2.50 ± 2.33   � 1.63 ± 2.00 � 0.81� 2.25 ± 1.75   � 1.88 ± 1.55 � 1.21���

(� 1.60–0.16) (� 2.12–.0.26)  

Notes: SD: standard deviation; COPM: Canadian Occupational Performance Measure; RNL: Reintegration to Normal Living Index; PHQ-9 : Patient Health 
Questionnaire-9. 
�p� .10, ��p� .05, ���p� .01 for two-sided, paired t-tests.
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trained goals was selected by the participant, the other two were 
chosen randomly from the remaining goals. More than one third 
of these self-identified goals related to recreation and leisure and 
only 5% to basic self-care. 

Discussion 

This pilot randomized controlled trial found tele-CO-OP to be 
highly acceptable in a group of people with chronic stroke as 
measured by their satisfaction, engagement with rehabilitation 
and attendance at sessions. Tele-CO-OP was also feasible as there 
were few complaints of difficulties with the online administration. 
Notably all participants in Control, participated in the intervention 
(after the waiting period) with only one person dropping out to 
pursue more active physiotherapy. Moreover, tele-CO-OP provided 
significant benefit to participants in both groups (EXPT, Control) 
on both trained, but more importantly on untrained goals, and 
appeared to have a positive benefit on mood. These data are 
aligned with those of many other CO-OP studies that show CO- 
OP training has the potential to provide far transfer of learning 
effects with positive benefits for everyday activities [19,20]. Given 
the long-term negative effects of stroke on social participation, 
these findings are encouraging. 

The high attendance rates, high satisfaction scores, high 
engagement ratings and few complaints about technology, in 
both the EXPT and Control groups are noteworthy as the study 
was conducted prior to the COVID-19 pandemic when people 
were considerably less familiar with online environments. 
Previously, it has been observed that participants waiting for 
training do less well and/or express frustration over the waiting 
[46]. Participants in the Control group rated their satisfaction 
with the intervention somewhat lower than those in the EXPT 
group with a moderate effect size. It is possible that the relatively 
short waiting time in our study (� 8 weeks) helped alleviate 
more frustration or anxiety in the Control group that could other-
wise have developed. It is also possible that potential frustration 
and/or anxiety elicited by waiting may have been attenuated by 
the baseline testing during which all participants identified treat-
ment goals. As our study funding did not permit an active con-
trol group, we elected to examine tele-CO-OP in a more 
pragmatic manner comparing its benefits to usual day-to-day life 

for people with stroke six or more months post-event: this 
included other therapy for only four participants, three of whom 
were in EXPT. 

Between group analyses showed that tele-CO-OP provided 
large benefits for EXPT participants compared to the Control par-
ticipants on untrained goals providing preliminary evidence for 
the efficacy of this intervention. Effect sizes for both improved 
performance and satisfaction with performance were large and 
improvements in satisfaction with performance were statistically 
significant. Within group analyses suggest that these improve-
ments are maintained for at least one-month post-intervention. 
These changes on untrained goals also provide evidence for trans-
fer of learning effects, an outcome that is notoriously difficult to 
attain in rehabilitation. This evidence is aligned with a growing 
body of evidence demonstrating that the CO-OP intervention pro-
vides the possibility of transfer of learning effects for adults with 
chronic stroke as well as for those with other neuropathol-
ogy [21,47–49]. 

Transfer of learning in the CO-OP Approach “refers to the pro-
cess of applying the knowledge gained from learning one skill to 
learning a new different skill” (p.34, [50]). In a seminal paper on 
transfer in rehabilitation, Geusgens and colleagues [51] describe 
transfer as “ … the way in which prior learning affects new learn-
ing or performance” (p. 11). Mechanisms for transfer of learning 
have been postulated to be on a continuum from simple to com-
plex [50]. We postulate that the use of the global cognitive strat-
egy (GOAL-PLAN-DO-CHECK) serves as a scaffold to support 
participants in approaching new performance problems with a 
structure that supports success [50]. Unfortunately, we did not 
assess transfer on standardized cognitive assessments, nor did we 
collect qualitative data which might have revealed whether partic-
ipants used strategies learned in the CO-OP training, one possible 
source of the transfer effects, on untrained activities. Brain plasti-
city is another posited mechanism of change. Recent evidence in 
children with Developmental Coordination Disorder shows 
positive brain changes in areas associated with attention and 
self-regulation following CO-OP [52]. Further, in women with 
chemotherapy induced cognitive impairments, positive brain 
changes in areas associated with executive function have been 
reported [53]. However, further research is required to determine 
the underlying mechanisms for transfer in adults with stroke. 

Table 5. Participant selected goals. 

Activity & participation categorya Number Examples  

Recreation & leisure 32  � To play golf again 
� To train a service dog 

Mobility 12  � To return to driving 
� To get off the couch independently 

General tasks and demands 9  � To keep appointments 
� To organize legal documents 

Domestic life 8  � To prepare healthy meals 
� To get things done around the house more quickly 

Communication 7  � To do small talk better 
� To improve speech giving 

Major life areas 7  � To return to work 
� To engage in volunteering 

Interpersonal interactions & relationships 5  � To spend quality time with grandchildren 
� To meet new people in the neighbourhood 

Self-care 5  � To manage buttons more easily 
� To dress self 

Learning & applying knowledge 4  � To incorporate left hand into household tasks 
� To open doors in public more easily 

Body function categorya    

Mental Functions 3  � To remember where I put things 
� To remember people’s names 

aCategories are taken from the ICF [43].
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Our findings also provide evidence that telerehab approaches 
for people with chronic stroke can result in positive changes in 
everyday life. While the two studies cited in the Cochrane system-
atic review on telerehab services for stroke comparing a tele- 
rehab intervention to usual care found no benefits for activity of 
daily living outcomes [24], we found that training improved per-
formance and satisfaction with performance on both trained and 
untrained goals whether the training was provided to participants 
in the EXPT or Control groups. These results build on and align 
with the other two tele-CO-OP studies [26,28]. As all of these stud-
ies have examined the benefits of tele-CO-OP in chronic popula-
tions (stroke, traumatic brain injury), further investigations are 
needed to determine if similar benefits can be achieved in sub- 
acute populations. The need and opportunities for telerehabilita-
tion barriers to accessibility of virtual care have come sharply into 
focus through the COVID-19 pandemic and barriers and further 
support the necessity for building evidence in this area. 

Using the COPM as our primary outcome measure also allowed 
us insight into the nature of everyday life activities that people 
with chronic stroke identify as important to them and as needing 
or wanting to do. A similar goal analysis was conducted by 
McEwen and colleagues in people receiving post-acute rehabilita-
tion following stroke [47]. In their sample, almost 40% of identi-
fied activity and participation goals related to domestic life and 
selfcare (e.g., dressing, cooking, cleaning). The broader focus in 
our sample was expected as long-term limitation in social partici-
pation are known to occur post-stroke [1]. We are encouraged 
that our data suggest improvements in these areas can be made 
even many years post-stroke. 

We would like to note several study limitations. First, as we 
elected to use a brief pre-assessment to characterize our partici-
pants to limit test burden. However, the lack of physical, mobility 
and ADL assessments limits the characterization of our sample. 
Second, our study was conducted in English and in Canada. While 
the CO-OP Approach is being used in several countries and lan-
guages (see icancoop.org), culture and language influences are 
worthy of exploration. While the small sample size and require-
ment for participants to have access to a computer and high-
speed internet prevent us from generalizing these findings, this 
study demonstrates the feasibility (high attendance) and accept-
ability (satisfaction and engagement) of tele-CO-OP and provides 
data for estimating sample sizes for future studies. The positive 
benefits found after 16 therapy sessions were maintained at one- 
month follow-up. We believe a larger trial is warranted. 
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