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ABSTRACT
Purpose This pilot partially randomised controlled trial compared the feasibility and preliminary
efficacy of two promising interventions for persons with executive dysfunction post-stroke: (1)
occupation-based strategy training using an adapted version of the Cognitive Orientation to daily
Occupational Performance (CO-OP) approach; and (2) Computer-based EF training (COMPUTER
training). Method Participants received 16 h of either CO-OP or COMPUTER training. We assessed
feasibility and acceptability of each intervention, and change in intervention outcomes at baseline,
post-intervention and one-month follow-up. Performance and satisfaction with performance in self-
selected everyday life goals were measured by the participant and the significant other-rated
Canadian Occupational Performance Measure (COPM). Other intervention outcomes included
changes in EF impairment, participation in daily life and self-efficacy. Results Six participants
received CO-OP and five received COMPUTER training: one in each group discontinued the
intervention for medical reasons unrelated to the intervention. The remaining nine participants
completed all 16 sessions. Participants expressed high levels of satisfaction with both interventions.
Both treatment groups showed large improvements in self and significant other-rated performance
and satisfaction with performance on their goals immediately post-intervention and at follow-up
(CO-OP: effect sizes (ES)¼ 1.6–3.5; COMPUTER: ES¼ 0.9–4.0), with statistically significant within-
group differences in CO-OP (p50.05). The COMPUTER group also showed large improvements in
some areas of EF impairment targeted by the computerised tasks (ES¼ 0.9–1.6); the CO-OP group
demonstrated large improvements in self-efficacy for performing everyday activities (ES¼ 1.5).
Conclusions Our findings provide preliminary evidence supporting the feasibility of using both CO-
OP and COMPUTER training with patients with executive dysfunction post-stroke.

� IMPLICATIONS FOR REHABILITATION

� Computerised executive function training and occupation-based strategy training are feasible
to deliver and acceptable to persons with executive dysfunction post-stroke.

� Preliminary evidence suggests that both interventions have a positive impact on real-world
outcomes; and, that CO-OP might have a greater impact on improving self-efficacy for
performing everyday activities.
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Introduction

Disorders in executive function (EF) are highly prevalent

after stroke.[1–3] Individuals with stroke may experience

difficulties with initiation, planning, sequencing, moni-

toring, problem-solving, divided attention, flexibility,

working memory and/or inhibition.[4–6] Those with EF

impairments post-stroke have poorer recovery including

a higher risk of functional dependence,[1] higher rates of

failure to return to work [7] and poorer social

participation.[8]

Our review of EF interventions post-stroke found

limited but encouraging evidence to suggest that

persons with stroke can benefit both from bottom-up

retraining of EF skills (e.g. computerised EF training
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oriented toward targeted remediation of specific EF

skills) and from top-down training using compensatory

strategies (e.g. problem-solving strategies and external

cueing systems to improve everyday activities compro-

mised by EF impairments).[9] To elaborate, structured,

individualised and intense computerised EF training has

been shown to improve targeted EF processes such as

dual-tasking (i.e. the ability to coordinate two actions)

[10] and working memory,[11,12] with some preliminary

indication of generalisation to daily life.[10–12]

Interventions focussed on teaching cognitive strategies

(e.g. problem-solving strategies, meta-cognitive training)

also show promise in improving some EF impairments

(e.g. flexibility, planning and problem-solving) and real-

world activities [13–21] (and are considered best practice

for adults with traumatic brain injury (TBI) [22]). More

specifically, the use of explicit meta-cognitive strategies

applied to ecologically relevant problems appears

promising for enhancing transfer and generalisation to

everyday activities.[16–20] Generalisation of learning

occurs when a specific skill learned in therapy can be

performed in another context (e.g. in the home envi-

ronment).[23] Transfer allows the individual to draw on

his or her previous skills and experiences to perform

untrained skills.[23,24] Generalisation and transfer of

skills are potentially enhanced when therapy is provided

in the person’s own environment and when the chosen

activities are relevant to the person.[25]

An intervention incorporating these key principles of

cognitive strategy training is the ‘‘Cognitive Orientation

to daily Occupational Performance (CO-OP)

approach’’,[23] which guides the individual to use a

global problem-solving strategy to attain three

self-identified functional goals. Originally developed for

children with Developmental Coordination Disorder

(DCD), this intervention was later adapted for adults

with EF impairments arising from TBI and for adults with

motor impairments arising from stroke. McEwen and

colleagues [26–28] adapted and used CO-OP as a

cognitive approach to address performance problems

in persons without cognitive impairment following

subacute or chronic stroke. Findings from their two

single-case studies [26,27] and their recent exploratory

RCT [28] suggest improvements in motor and functional

skills, with evidence of transfer of training effects to

untrained skills – indicating that the learning that

occurred in the training could be applied to perform

new skills in persons without cognitive impairment

post-stroke. Dawson and colleagues [29] adapted and

extended the key elements of the original CO-OP

protocol – namely, the emphasis on training of

higher-order cognitive strategies for planning and

self-regulating performance and their application to

meaningful, self-selected real-world activities – to spe-

cifically address everyday problems that arise from EF

impairment in adults with TBI. Our preliminary work with

adults with executive dysfunction following TBI indi-

cated clinically significant improvements on both trained

and untrained everyday activities.[29–31] More recently,

we have undertaken several other pilot studies with

adult populations with cognitive impairments including

adults with subjective cognitive impairments [32] and

acute stroke [17–20] and found similar benefits.

However, to date, no one has compared the benefits

of top-down occupation-based cognitive strategy train-

ing versus bottom-up retraining of EF skills, for example,

through training on computer-based tasks. The limited

evidence that individualised computerised EF training

may improve targeted EF impairments (e.g. working

memory, dual-tasking) suggests that persons with stroke

may also possibly benefit from bottom-up EF retrain-

ing,[9–12] but whether these interventions would bene-

fit activity and participation levels of functioning

requires further investigation.

Thus, the purpose of the pilot study [33] presented

here was to compare, prior to undertaking a larger trial,

the feasibility and preliminary efficacy of two promising

interventions, a top-down, occupation-based, strategy-

training approach – the CO-OP intervention – and a

bottom-up computer-based EF training program in

persons with EF deficits post-stroke. The first objective

was to test the feasibility of participant recruitment and

retention, the acceptability of assessment and interven-

tion procedures, and intervention adherence. The second

objective was to compare the preliminary efficacy of CO-

OP versus COMPUTER training in improving performance

and satisfaction with performance in participant-chosen

everyday activities; and, in improving EF impairment,

social participation and self-efficacy for performing

everyday activities immediately after the intervention

and one month later.

Method

Design

This study was a pilot single blind partially randomised

controlled trial. The first two participants received CO-OP

due to practical constraints and medical conditions that

may have interfered with the computerised training; the

next nine participants were randomly allocated to

receive CO-OP or COMPUTER training – both offered

over 16 one-hour sessions, twice a week, for eight weeks.

Outcome measures were administered at baseline,

post-intervention and one-month follow-up by a blinded

evaluator. The study protocol was approved by the

University at which the research was conducted
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(ethical committee registration number: A02-B09-11A) as

well as by the research ethics committees of hospitals

and rehabilitation centres from which patients were

recruited. All participants provided written informed

consent.

Participants

Patients were recruited from a multi-site acute care

hospital and six rehabilitation centres in and around

Montreal, Quebec, Canada. The following inclusion

criteria were applied: diagnosis of first or recurrent

stroke within the previous 12 months; evidence of EF

deficits (1½ standard deviations (SDs) or greater below

norms) identified on one or more of three neuropsy-

chological EF tests: the Trail Making Test B,[34,35] the

Delis–Kaplan Executive Function System (D–KEFS)

Colour-Word Interference test [36] or the Digit span

from the WAIS-IV;[37] evidence of EF impairments as

determined by clinician referrals and health record

review;[21] a score �22/30 on the Mini-Mental State

Examination (MMSE);[38] living at home at the time of

baseline assessment; proficiency in English or French;

and ability to identify some day-to-day difficulties on

which to base goals of treatment. Potential participants

were excluded if they had a history of severe psychiatric

problems; severe visual problems not sufficiently cor-

rected with corrective lenses to allow reading and

computer use; important post-stroke language problems

as indicated by a score of 54 on the communication

items of the Functional Independence Measure (FIM),

indicating the need for moderate, maximal or total

assistance;[39] and/or other pre-existing disabling neuro-

logical conditions (e.g. multiple sclerosis, Alzheimer’s

disease) as noted in the medical chart.

Each participant was also asked to agree to identify a

significant other of their choice who could participate in

three short interviews: at baseline; post-intervention;

and, at one-month follow-up; to rate their perception of

the participant’s performance in specific areas of every-

day life that the participant wanted to improve. The

criteria for significant other inclusion were: 18 years of

age or older; close friend or family member who spends

time at least once a week with the participant; and,

proficiency in English or French. The presence of a

significant other was not an eligibility criterion for the

participant with stroke. All significant others provided

informed, written consent.

Procedures

Potential participants were identified by clinical coor-

dinators or through hospital records, and were further

screened for the presence of cognitive/EF impairments

by the research coordinator, an experienced occupa-

tional therapist. Eligible, consenting individuals under-

went baseline assessment at their homes by an

occupational therapist trained in the administration of

the measures and blind to group status.

Randomization

The sequence of random assignments was generated

using a random number table, in blocks of 6, by a

research team member not involved in the testing or

intervention delivery. Group assignments were kept in

sequentially numbered, opaque, sealed envelopes that

were prepared prior to recruitment and revealed only

when a participant had completed the baseline

assessment.

Measures

Socio-demographic and clinical variables

Participants’ socio-demographic and stroke-specific

characteristics were documented through a medical

chart review. Frequency, duration and content of other

potential outpatient services received during the study

intervention were also recorded weekly by the therapist

providing the study intervention.

Feasibility of recruitment and protocol adherence

Rates of eligibility, recruitment, adherence to the inter-

vention both in time and frequency, and, completion of

outcome assessment sessions were recorded. At post-

intervention and one-month follow-up, the blinded

evaluator conducted a short semi-structured interview

to elicit information regarding the participants’ satisfac-

tion with the interventions as well as the acceptability of

assessment and intervention procedures. She also asked

one standard question regarding participants’ satisfac-

tion with the interventions ‘How satisfied are you with the

intervention you received during this study?’ scored from 0

(very dissatisfied) to 4 (very satisfied).

Intervention outcomes

Primary outcome measure for investigating prelimi-

nary efficacy. The Canadian Occupational

Performance Measure (COPM) [40] is a standardised,

semi-structured interview used to document perform-

ance, and satisfaction with performance, in participant-

chosen everyday activities. The COPM was administered
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at baseline assessment to guide each participant to

identify a minimum of five goals for everyday activities s/

he wanted to improve upon (e.g. prepare meals, effect-

ively communicate in stressful interactions with children;

or, resume a leisure activity such as using the internet). As

specified in the COPM protocol, the participant was asked

to rate his/her current performance for each goal using a

10-point scale with 1 being ‘not able to do it at all’ and 10

being ‘able to do it extremely well’. Satisfaction with

performance was rated on a similar scale from 1 being

‘not satisfied at all’ to 10 ‘extremely satisfied’. These

ratings were repeated immediately post-intervention and

at one month post-intervention. The COPM performance

and satisfaction scoring was also completed by a signifi-

cant other (when available) at each time point. The COPM

has demonstrated good test–retest reliability, criterion

validity, construct validity and responsiveness in people

with stroke.[41,42]

For those in the CO-OP intervention group, three of

the five self-identified goals were addressed during

training; in the COMPUTER intervention, only general EF

training was provided. To select the three ‘trained goals’

in the CO-OP group, the research therapist asked the

participant to identify his or her most important goal

and this goal was retained for training; the other two

were randomly chosen from the remaining four.

Secondary outcome measures for investigating

preliminary efficacy. Other outcome measures were

used to explore the preliminary efficacy of each inter-

vention in improving EF impairment and in producing

generalisation and transfer of training effects on social

participation, self-efficacy for performing everyday acti-

vities and EF in everyday life.

EF impairment: Three neuropsychological EF tests

were used to measure the effect of treatment on EF

impairment. The TMT [34] was used to measure speed,

attention and cognitive flexibility. The Colour-Word

Interference Test from the D-KEFS [36] was selected as

a measure of cognitive flexibility and inhibition. Finally,

we measured working memory using the Digit Span

from the WAIS-IV.[37]

Social participation: To measure social participation,

we used the Assessment of Life Habits (LIFE-H 3.1) [43]

which includes 77 items measuring participation in six

domains of daily activities (e.g. self-care and mobility)

and six domains of social roles (e.g. interpersonal

relationships and leisure).

Self-efficacy for performing everyday activities: The Self-

Efficacy Scale for Performing Life Activities Post-stroke

[44] is modelled on the LIFE-H 3.1 but uses response

choices that reflect self-efficacy, for example, confidence

in ability to perform daily activities and social roles.

EF symptoms in everyday life: The 20-item,

Dysexecutive questionnaire (DEX) [45] was used to

eliciting information about the frequency of day-to-day

EF difficulties in four areas – emotions/personality,

motivation, behaviour and cognition.

Intervention details

Both interventions were provided face-to-face in partici-

pants’ homes by the research therapist, a trained,

licenced occupational therapist with expertise in stroke

rehabilitation. Both had the same planned frequency

and intensity – 16 one-hour sessions, twice a week, for

eight weeks and workbooks for both were developed to

guide the research therapist in the intervention

protocols.

CO-OP intervention

The CO-OP approach is an occupation-based strategy

training approach that combines several key elements:

participant-chosen goals, use of a global problem-

solving strategy, dynamic performance analysis, guided

discovery and domain-specific strategy application.[23]

As previously mentioned, participants identify the func-

tional goals that are addressed during training. The use

of a four step problem-solving strategy – where the

person sets a specific goal, plans concrete steps to

achieve that goal, does the plan, and checks whether the

plan worked – forms the scaffolding for the approach

and supports goal acquisition. Throughout the interven-

tion, the therapist facilitates the individual’s assessment

of their own performance (i.e. dynamic performance

analysis) and guides them to discover domain-specific

strategies that will solve their performance problems by

asking thought-provoking questions and by providing

feedback, coaching, or modelling: explicit instructions

on what they should do are not provided. Depending on

the goal, the intervention may include: talking about

plans and strategies for skill acquisition; performing a

functional task in the participant’s own environment

and/or by assigning homework.

The original CO-OP protocol developed for children

with DCD included 10 one-hour sessions. We increased

the number of sessions from 10 to 16 sessions – based

on the findings from our preliminary studies [29,30]

suggesting that adults with cognitive impairment might

benefit from additional CO-OP training sessions to

further support the autonomous use of the strategies

in complex tasks of everyday life. As well, we used the

adapted version of the CO-OP approach from Dawson

and colleagues [29] including: changing the script

introducing the problem solving strategy to make it

4 V. POULIN ET AL.



appropriate for adults; using additional guided discovery

probes; using a personalised binder where the individual

could keep track of his/her goals and plans and record

results; and, placing more emphasis on

training generalisation and transfer of skills during

sessions.

Computerised executive function training

The COMPUTER training program was developed for this

study with the overall goal of including a variety of

computerised activities with multiple EF requirements

that could be used in a home-based setting with persons

with varying levels of motor and cognitive/EF deficits

and were available in both French and English lan-

guages. The training programme included four tasks of

the NeuroActive� software involving working memory,

cognitive flexibility, divided attention and inhibition

(Brain Centre International Inc., Quebec, QC); three

divided attention tasks from the Attentional software

(Le Réseau Psychotech Inc., Quebec, QC); as well as two

computerised tasks designed for inhibition training [46]

and dual-task training,[47] for a total of nine different

computer activities. Each training session consisted of

three to four computer activities targeting different EF

processes.

All software programs automatically adjusted the

level of difficulty – for example, by reducing or

increasing the number of task stimuli – and provided

frequent individualised feedback on the screen regar-

ding task performance. Most computer activities simu-

lated everyday situations (e.g. riding a bike on a busy

street, recalling and dialling a phone number, etc.).

Depending on the task, participants respond by pressing

a key on the keyboard, by clicking the mouse or by using

a steering wheel and pedals. The software programs

were installed on a laptop computer and brought to the

participants’ home on each session. The therapist

observed participants performing all the tasks

and provided verbal encouragement and

assistance as needed, if a participant had

difficulties understanding the instructions and/or per-

forming a task.

Data analyses and sample size considerations

To evaluate the feasibility of recruitment and protocol

adherence (objective 1), we computed descriptive sta-

tistics. More specifically, we analysed the rates of:

recruitment including refusals, eligibility; adherence to

the interventions and drop-outs; and, completion of

assessments at the three time points. Descriptive ana-

lyses of the qualitative feedback from the participants

regarding experiences with the study interventions and

assessments; and the field notes kept by the therapist

and the evaluator were used to determine the

acceptability of the assessment and intervention

procedures.

To determine the preliminary efficacy of CO-OP versus

COMPUTER training (for objective 2), as a first step, we

calculated the means and standard deviations of all

outcomes for each group separately at baseline, post-

intervention and one-month follow-up. The small

sample (i.e. five participants in CO-OP and four in

COMPUTER) permitted us to investigate within-group

differences: post-hoc estimates showed that a sample

size of 4 would yield 80% power to detect a two-point

difference – corresponding to clinically meaningful

change on the COPM scale [42] given a standard

deviation of the differences of 1, at a two-sided

significance level of 5%.[48] Intra-group differences

from baseline to post-intervention and from baseline

to follow-up, for those with complete data, were

explored using Freidman Tests. Significant differences

were further examined using the Wilcoxon signed-ranks

test. No adjustment for multiple testing of outcomes

were made since in a pilot study a Type II error is of more

concern than a Type I error.[49,50] Results

were interpreted cautiously given the increased

possibility of finding significant differences by chance

alone.

We compared the preliminary efficacy of CO-OP

versus COMPUTER training for all the intervention

outcomes and for the intervals from baseline to post-

intervention and from baseline to follow-up in the same

manner. For each outcome, effect sizes for both inter-

ventions at each interval, and the ratios between them,

were calculated. Effect sizes were calculated as the ratio

of change score occurring between two time points to

the standard deviation at baseline assessment.[51]

Figueiredo and colleagues [52] state that comparing

the ratios of effect sizes provides a measurement of the

magnitude of a treatment effect independent of the

study sample size. Small, medium and large effect sizes

were labelled according to effect sizes of d ¼ 0.2, 0.5 and

0.8, respectively as per Cohen.[53] Finally, the Mann–

Whitney U test was also used to compare changes

between the CO-OP and the COMPUTER groups on all

the intervention outcomes for the intervals from base-

line to post-intervention and from baseline to follow-up.

These analyses were strictly exploratory given the small

sample size. Then, an effect size (r) was calculated

from the Z value of Mann–Whitney U test (r ¼ Z/

ˇN),[54,55] and can be interpreted as follows:

r � 0.10 are small, r ¼ 0.30 are medium, and r � 0.50

are large.[56]

EXECUTIVE FUNCTION INTERVENTION POST-STROKE 5



Results

The CONSORT flow diagram (see Figure 1) provides

details regarding the enrolment, intervention allocation,

follow-up and analysis.

Table 1 presents baseline characteristics of the

participants. All showed evidence of executive dysfunc-

tion, as indicated by borderline to extremely low scores

in at least one of the EF tests, and all were receiving

other outpatient rehabilitation interventions during the

study period, except for Participant #2 in the CO-OP

group who completed her rehabilitation interventions

just before baseline assessment. All significant others

were spouses, predominantly women (75%); their mean

age was 49.25 ± 11.35 years (range 33–68 years).

Feasibility of recruitment, retention and

intervention adherence (objective 1)

A total of 58 persons with stroke were referred from the

participating sites and were assessed for eligibility: 36%

(21/58) were referred by the treating clinicians and 64%

(37/58) were identified through the hospital records in

one site (also see Figure 1). Among those referred, 38%

(8/21) were eligible and agreed to participate; 11% (4/37)

of the participants identified through hospital records

were also eligible and agreed. Of 12 consenting partici-

pants, one dropped out during baseline assessment; the

other 11 provided positive feedback supporting the

acceptability of the assessment procedures. The first two

participants were assigned to the CO-OP intervention

Figure 1. Flow diagram.
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due to practical constraints and medical conditions (i.e.

epilepsy that could potentially be exacerbated by

intensive computer-based training); the other nine

participants were randomly allocated to receive CO-OP

(n¼ 6) or COMPUTER training (n¼ 5). Six participants

received CO-OP and five received COMPUTER training:

one in each group discontinued the intervention for

medical reasons unrelated to the intervention. The

remaining nine participants completed all 16 training

sessions as well as post-intervention and follow-up

assessments. The CO-OP group received 57.5 ± 11.3 min-

utes per session and the COMPUTER group received

59.2 ± 5.3 min.

Acceptability of the interventions

At post-intervention and follow-up assessments, all

participants were very satisfied with the interventions,

except for one participant in each group who indicated

they were ‘neither satisfied nor dissatisfied’. The partici-

pant in the CO-OP group explained that she was used to

setting goals and making plans as part of her daily

routine and that the intervention was similar to the

strategies she was already using. The participant in the

COMPUTER group felt that the computer-based inter-

ventions were focussed on specific mental skills and that

there should be more emphasis on learning how to

apply these skills to daily life situations. Most partici-

pants indicated that the number and duration of

sessions were appropriate; but one in the COMPUTER

group suggested reducing the number of sessions from

16 to 12, while another one expressed that he

would have benefited from additional follow-up

interventions.

Preliminary efficacy of the interventions

(objective 2)

Performance and satisfaction with performance in

participant-chosen goals

At baseline each participant identified five to eight goals

related to improving their functioning in everyday life

(please see Appendices 1 and 2 in the Supplementary

material for further details on the participants’ goals). In

the CO-OP group, three of these goals were trained,

except for one participant who was trained on four goals

as two of her goals were closely related. None of the

goals identified by participants in the COMPUTER group

were directly addressed during interventions. However,

as most participants were also receiving routine rehabili-

tation during the study period – except for Participant #2

in the CO-OP group – it is possible that goals were

worked on in the context of that rehabilitation.

Participants’ goals covered a wide range of life

domains such as self-care (e.g. dress independently),

mobility (e.g. resume driving), communication (e.g.

navigate the internet), domestic life (e.g. take on more

family responsibilities), and community, social and civic

life (e.g. organise a karaoke party).

Table 2 shows participants’ ratings on the COPM

performance and satisfaction scales according to group

(see also Appendices 1 and 2 in the Supplementary

material). In relation to changes in performance, for the

CO-OP group significant within-group differences were

found for trained goals and for all goals (trained and

untrained) from baseline to post-intervention and from

baseline to follow-up. No significant differences were

found in the COMPUTER group; however, both groups

demonstrated large effect sizes on changes in

Table 1. Participants’ socio-demographic and clinical characteristics according to group.

Baseline performance on EF measures

Participant Sex Age
Education

(years)
Side and type

of stroke
Time since

stroke (months) MMSE (/30)
TMT
B*

CWIT
inhibitiony

CWIT
inhibition/flexibilityy Digit spany

CO-OP#1 M 50 13 Right, hemorrhagic 7.5 27 �13.3 12 10 8
CO-OP#2 F 39 16 Right, hemorrhagic 10 30 �5.5 9 4 8
CO-OP#3 F 49 11 Left, hemorrhagic 3.5 27 �5.9 13 4 12
CO-OP#4 M 73 17 Left, hemorrhagic 4.5 28 �10.1 7 1 7
CO-OP#5 M 34 14 Left, ischemic 5 28 �1.7 9 8 4
COMP#1 M 42 17 Right, ischemic 5.5 28 �0.5 6 7 5
COMP#2 M 57 16 Left, ischemic 1.5 24 �0.1 3 9 6
COMP#3 M 79 17 Right, ischemic 11 26 �6.9 10 2 9
COMP#4 M 53 14 Bilateral, ischemic 7.5 28 �14.0 1 1 7

COMP¼ computer group; F¼ female; M¼male; MMSE¼Mini-Mental State Examination; TMT¼ Trail Making Test; CWIT¼ Colour-Word Interference Test.
*Z-scores were calculated using normative data from Tombaugh [34] and were interpreted as follows:�2.0 and below¼ extremely low;�1.4

to�1.9¼ borderline/mild impairment;�0.7 to�1.3¼ low average;±0.6¼ average; 0.7 and higher¼ high average, superior or very superior (based on
Strauss and colleagues [60]).
yScaled scores (with a mean of 10 and a standard deviation of 3) were calculated using normative data reported in the tests’ manuals [35,36] and were

interpreted as follows: 3 and below¼ extremely low; 4–5¼ borderline/mild impairment; 6–7¼ low average; 8–12¼ average; 13 and higher¼ high average,
superior or very superior (based on Strauss and colleagues [60]).
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performance at post-intervention and follow-up. There

was no statistically significant difference between the

changes for the CO-OP group and the COMPUTER group

on these outcomes, as suggested by the Mann–Whitney

U tests (p ¼ 0.09–0.94; r ¼ 0.04–0.62). Also, the improve-

ments were judged clinically important in both groups, as

indicated by a mean change of two points or more on the

COPM performance scale.[42] Similar differences and

effect sizes were found for changes in satisfaction with

performance in both groups (with non-significant Mann–

Whitney U tests: p¼ 0.31–0.91; r¼ 0.08–0.37). No statis-

tically significant within-group differences were found in

significant other’s reports; however, effect sizes were

similarly large (Table 2). The significant others’ perceived

improvements in performance in all goals were similar in

both groups, as suggested by the ratios of effect size of

CO-OP versus COMPUTER which were close to 1 (Mann–

Whitney U test: p ¼ 0.89; r ¼ 0.10).

Executive function impairment

Within-group differences for three neuropsychological

measures of EF were analysed (see Table 3). The

only statistically significant difference found was for the

CO-OP group on the TMT B (p¼ 0.04 at post-intervention

and follow-up). The interventions’ effect sizes for

improvements on TMT B were moderate in the CO-OP

group (effect sizes at post-intervention and follow-

up¼�0.5 and�0.7) and small in the COMPUTER group

(effect sizes at post-intervention and follow-up¼ 0.0

and�0.2). The effect sizes for the Mann–Whitney U

tests were moderate (r ¼ 0.25–0.41), but no statistically

significant between-group difference was found

(p40.05).

Within-group changes in both groups for the other

neuropsychological outcome measures were generally

small to moderate with three exceptions: large effect sizes

for COMPUTER training were found for the inhibition

condition of the CWIT and for the Digit Span backward

and sequencing subtasks. The ratios of effect size of

CO-OP versus COMPUTER were lower than 1 for these

three outcomes (ratios of effect size¼�0.2 to 0.5),

suggesting that the changes in the COMPUTER group

were possibly larger than in the CO-OP group. Also, the

effect sizes of Mann–Whitney tests were moderate to large

(Table 3), but we did not find statistically significant

difference between the CO-OP and the COMPUTER

groups on any of these outcomes.

Table 2. Participants’ and significant others’ ratings on the Canadian Occupational Performance Measure at pre, post and follow-up
(FU) according to group (including effect sizes (ES))y.

CO-OP (n¼5)z COMPUTER (n¼4)
Ratio of ES

(CO-OP/COMPUTER) rx,�

Outcome measure
(possible range of scores)

Pre
Mean (SD)

Post
Mean (SD)
ES Pre-Post

FU
Mean (SD)
ES Pre-FU

Pre
Mean (SD)

Post
Mean (SD)
ES Pre-Post

FU
Mean (SD)
ES Pre-FU Pre-Post Pre-FU Pre-Post Pre-FU

Participants’ ratings
Performance (1–10)
Trained goals

Untrained goals

All goals

Satisfaction (1–10)
Trained goals

Untrained goals

All goals

3.2 (1.2)

4.2 (2.4)

3.6 (1.7)

3.0 (0.9)

3.3 (2.0)

3.2 (1.3)

7.8 (1.1)*
ES¼ 3.7
6.1 (1.9)
ES¼ 0.8
7.1 (1.3)*
ES¼ 2.0

7.8 (1.4)*
ES¼ 5.0
6.2 (2.4)*
ES¼ 1.5
7.1 (1.8)*
ES¼ 2.9

7.8 (1.5)*
ES¼ 3.7
5.9 (1.4)
ES¼ 0.7
6.9 (1.4)*
ES¼ 1.9

7.7 (1.7)*
ES¼ 4.9
6.6 (1.6)*
ES¼ 1.7
7.0 (1.1)*
ES¼ 2.9

n/a

3.3 (1.5)

3.3 (1.5)

n/a

3.3 (1.1)

3.3 (1.1)

n/a

8.0 (1.4)
ES¼ 3.2
8.0 (1.4)
ES¼ 3.2

n/a

7.9 (1.6)
ES¼ 4.0
7.9 (1.6)
ES¼ 4.0

n/a

6.7 (2.5)
ES¼ 2.3
6.7 (2.5)
ES¼ 2.3

n/a

6.9 (2.1)
ES¼ 3.1
6.9 (2.1)
ES¼ 3.1

n/a

0.3

0.6

n/a

0.4

0.7

n/a

0.3

0.8

n/a

0.5

0.9

n/a

0.62

0.37

n/a

0.37

0.33

n/a

0.37

0.04

n/a

0.12

0.08

Significant others’ ratings
Performance (1–10)

All goals
Satisfaction (1–10)

All goals

4.1 (1.4)

3.1 (1.1)

7.0 (1.9)
ES¼ 2.0
6.8 (2.2)
ES¼ 3.2

6.4 (2.2)
ES¼ 1.6
7.1 (2.2)
ES¼ 3.5

4.4 (1.5)
4.2 (2.2)

7.6 (0.6)
ES¼ 2.2
7.1 (1.5)
ES¼ 1.3

7.1 (1.4)
ES¼ 1.8
6.1 (2.4)
ES¼ 0.9

0.9

2.4

0.9

4.0

0.10

0.00

0.10

0.51

yWilcoxon tests: *¼ significant difference from baseline, p50.05.
zThe significant other’s ratings were available for four of the five participants in the CO-OP group.
xAn effect size (r) was also calculated from the Z value of Mann–Whitney U test (r ¼ Z/ˇN),[54,55] and can be interpreted as follows: r � 0.10 is small, r ¼ 0.30

is medium and r � 0.50 is large.[56]
�Mann–Whitney U tests did not show significant difference between the CO-OP and the COMPUTER groups on any of the outcomes (p¼ 0.09–1.00).
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Social participation, self-efficacy for performing
everyday activities and executive function symptoms

in everyday life

Participants’ scores on the measures of social participa-

tion (LIFE-H), self-efficacy and EF symptoms in everyday

life (DEX) are shown in Table 4. Significant within-group

differences were found for self-efficacy for performing

everyday activities in the CO-OP group at post-interven-

tion (ES¼ 1.5; p¼ 0.04) and one-month follow-up

(ES¼ 1.5; p¼ 0.04). The ratio of the effect sizes of

CO-OP versus COMPUTER training for this outcome was

1.8 at post-intervention (i.e. ES of CO-OP¼ 1.5; ES of

Table 3. Participants’ scores on neuropsychological executive function tests at pre, post and follow-up (FU) according to group
(including effect sizes (ES))y.

CO-OP
(n¼5)

COMPUTER
(n¼4)

Ratio of ES
(CO-OP/COMPUTER) rx,�

Outcome measure
(possible range of scores)

Pre
Mean (SD)

Post
Mean (SD)
ES Pre-Post

FU
Mean (SD)
ES Pre-FU

Pre
Mean (SD)

Post
Mean (SD)
ES Pre-Post

FU
Mean (SD)
ES Pre-FU Pre-Post Pre-FU Pre-Post Pre-FU

TMTz (score in seconds;
lower¼ better performance)
TMT A

TMT B

62.8 (33.2)

190.8 (101.2)

51.7 (23.0)
ES¼�0.3
137.4 (74.1)*
ES¼�0.5

56.8 (23.6)
ES¼�0.2
122.8 (76.9)*
ES¼�0.7

92.1 (71.3)

201.9 (164.3)

62.3 (36.5)
ES¼�0.4
205.0 (162.2)
ES¼ 0.0

59.1 (39.8)
ES¼�0.5
168.3 (146.2)
ES¼�0.2

0.8

�28.4

0.4

3.3

0.33

0.41

0.41

0.25

CWITz (score in seconds;
lower¼ better performance)
Inhibition

Inhibition/flexibility

59.5 (18.8)

102.9 (52.1)

63.2 (25.9)
ES¼ 0.2
84.0 (39.3)
ES¼�0.4

62.6 (20.0)
ES¼ 0.2
98.4 (50.1)
ES¼�0.1

93.8 (28.6)

109.4 (36.2)

77.0 (15.6)
ES¼�0.6
86.3 (22.9)
ES¼�0.6

67.1 (13.9)
ES¼�0.9
87.7 (33.5)
ES¼�0.6

�0.3

0.6

�0.2

0.1

0.41

0.16

0.65

0.25

Digit span (raw score: 0–16;
higher¼ better working memory)
Forward

Backward

Sequencing

9.2 (2.4)

7.8 (1.5)

7.6 (2.1)

9.8 (2.4)
ES¼ 0.3
8.6 (1.9)
ES¼ 0.5
8.4 (1.7)
ES¼ 0.4

9.8 (1.3)
ES¼ 0.3
8.4 (1.7)
ES¼ 0.4
7.2 (1.6)
ES¼�0.2

8.0 (2.2)

6.8 (1.3)

6.5 (1.7)

9.0 (1.4)
ES¼ 0.5
8.3 (1.7)
ES¼ 1.2
8.8 (1.3)
ES¼ 1.3

8.8 (1.5)
ES¼ 0.3
8.8 (2.2)
ES¼ 1.6
7.0 (1.4)
ES¼ 0.3

0.5

0.5

0.3

0.7

0.3

�0.7

0.04

0.26

0.21

0.04

0.38

0.29

TMT¼ Trail Making Test; CWIT¼ Colour-Word Interference Test.
yWilcoxon tests: *significant difference from baseline, p50.05.
zNegative effect size indicates improvement for TMT and CWIT.
xAn effect size (r) was also calculated from the Z value of Mann–Whitney U test (r ¼ Z/ˇN),[54,55] and can be interpreted as follows: r � 0.10 are small,

r ¼ 0.30 are medium and r � 0.50 are large.[56]
�Mann–Whitney U tests did not show significant difference between the CO-OP and the COMPUTER groups on any of the outcomes (p¼ 0.06–0.99).

Table 4. Participants’ scores on measures of social participation, self-efficacy and executive function symptoms in everyday life at pre,
post and follow-up (FU) according to group (including effect sizes (ES))y.

CO-OP (n¼5) COMPUTER (n¼4) Ratio of ES (CO-OP/COMPUTER) rx,�

Outcome measure
(possible range of scores)

Pre
Mean (SD)

Post
Mean (SD)
ES Pre-Post

FU
Mean (SD)
ES Pre-FU

Pre
Mean (SD)

Post
Mean (SD)
ES Pre-Post

FU
Mean (SD)
ES Pre-FU Pre-Post Pre-FU Pre-Post Pre-FU

LIFE-H total score (0–9;
higher¼ better participation) 7.0 (1.1) 7.7 (0.6)

ES¼ 0.6
7.8 (0.5)
ES¼ 0.7

5.9 (1.5) 6.9 (1.4)
ES¼ 0.7

7.2 (1.3)
ES¼ 0.8

0.8 0.8 0.33 0.41

Self-Efficacy Scale for Performing
Life Activities Post-stroke
(0–10; higher¼ greater self-efficacy)

6.5 (1.2) 8.3 (1.1)*
ES¼ 1.5

8.3 (0.9)*
ES¼ 1.5

7.4 (1.9) 9.0 (0.9)
ES¼ 0.9

8.1 (1.2)
ES¼ 0.4

1.8 4.0 0.08 0.41

DEXz
(0–80; higher¼more EF problems) 28.0 (9.8) 23.2 (13.4)

ES¼�0.5
20.0 (10.2)
ES¼�0.8

16.3 (4.7) 20.0 (8.9)
ES¼ 0.8

18.3(9.4)
ES¼ 0.4

�0.6 �1.9 0.41 0.41

LIFE-H¼Assessment of Life Habits; DEX¼Dysexecutive Questionnaire.
yWilcoxon tests: *Significant difference from baseline, p50.05..
zNegative effect size indicates improvement for DEX.
xAn effect size (r) was also calculated from the Z value of Mann–Whitney U test (r ¼ Z/ˇN),[54,55] and can be interpreted as follows: r � 0.10 are small,

r ¼ 0.30 are medium and r � 0.50 are large.[56]
�Mann–Whitney U tests did not show significant difference between the CO-OP and the COMPUTER groups on any of the outcomes (p¼ 0.25–0.91).
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COMPUTER¼ 0.9) and 4.0 at follow-up (i.e. CO-OP¼ 1.5;

COMPUTER¼ 0.4). Mann–Whitney U-test did not reveal

statistically significant between group difference on this

outcome (p40.05), but effect sizes were moderate to

large at follow-up (r ¼ 0.41).

No statistically significant within-group differences

were found on the other two measures (i.e. LIFE-H and

DEX) for either group, but the interventions’ effect sizes

were moderate to large for the LIFE-H and DEX in the CO-

OP group and for the LIFE-H in the COMPUTER group.

Discussion

The findings from this study suggest that both the CO-

OP and COMPUTER interventions were acceptable and

feasible to deliver in persons with executive dysfunction

post-stroke. We found excellent adherence to the

interventions and high levels of participant satisfaction

with both interventions. The study also provides prelimi-

nary evidence to suggest that both interventions may

have a positive impact on real-world outcomes. Both

groups demonstrated clinically important improvements

in performance and satisfaction with performance in

their self-identified goals immediately post-intervention

and at one-month follow-up, which were corroborated

by reports from their significant others. A two-point

change on the COPM has previously been validated as

indicative of clinically important change.[42] Not only

did we find improvements on trained goals in the CO-OP

group, but improvements on untrained goals in both

groups suggest learning may have generalised and

transferred to other aspects of everyday life. It is

plausible that the changes observed in each group

arose through different mechanisms: the improvements

in the CO-OP group may be associated with strategies

they learned and applied to various difficulties they had

in their everyday life. The improvements in the

COMPUTER group may have arisen through remediation

of specific EF skills [10] (e.g. working memory, flexibility,

inhibition, etc.) which participants trained in this

approach may then have been able to draw on as they

undertook their daily activities. It is also worth noting

that both the CO-OP and COMPUTER interventions were

delivered to enhance the ecological validity of the

training as they were both provided in the participants’

homes and they involved the accomplishment of real-

world activities (in CO-OP) or computerised tasks

designed to simulate everyday life situations (e.g.

driving). A final possible explanation for the changes

seen in COPM ratings is that the very act of goal setting

resulted in people attending to these. There is literature

that suggests that goal setting can itself be an

intervention.[57,58] However, goal setting alone would

unlikely have resulted in changes in the other domains,

such as EF. Further research will be required to better

decipher the components and mechanisms of action of

each intervention – CO-OP and COMPUTER training –

that enhance patient outcomes.

The comparison of participants’ improvements in the

other domains – including EF impairment, social partici-

pation, self-efficacy for performing everyday activities

and EF symptoms in everyday life – tends to suggest

some positive effects particular to each intervention. The

COMPUTER group showed improvements (demon-

strated by moderate to large effect sizes) in most areas

of EF targeted by the computer-based activities (i.e.

working memory, inhibition, and flexibility) with the

exception of one cognitive flexibility subtest – TMT B.

The fact that two participants performed in the average

range on the TMT B at baseline assessment (as shown in

Table 1) might have possibly limited the likelihood of

finding large treatment effects on this measure. An

unanticipated finding was that the CO-OP group, in

contrast, demonstrated moderate to large improve-

ments in the TMT B. This potentially suggests that the

CO-OP process – which involves the application of step-

by-step problem-solving strategies and the develop-

ment of alternative solutions when one’s initial plan

does not work – might necessitate more use of cognitive

flexibility skills and train them by doing so. These results

are consistent with those from another recent pilot

RCT,[20] suggesting that the CO-OP training had positive

effects on cognitive flexibility, as measured with the

CWIT. However, this is a very preliminary hypothesis

given the small sample size in our study. It is possible

that some of the positive changes observed in this

outcome measure were due to spontaneous recovery or

practice effects.

Compared to the COMPUTER group, the CO-OP group

also reported greater improvements in self-efficacy and

a reduced impact of EF symptoms in everyday life as

measured by the DEX. There were larger effect sizes (i.e.

ratios of the effect sizes of CO-OP versus COMPUTER

training¼ 1.8 to 4.0) and statistically significant within-

group changes on the self-efficacy scale in the CO-OP

group. Also, although we did not find statistically

significant between-group differences on these out-

comes, it is worth noting that the effect sizes of the

Mann–Whitney tests were moderate to large for the self-

efficacy scale and the DEX. These findings are consistent

with those from previous studies.[26–28] The use of

guided discovery in the CO-OP approach – whereby the

therapist guides the participant to discover the strate-

gies that will solve his/her performance problems – may

contribute to the development of self-efficacy and

everyday problem solving skills.[18,59]
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Another important point concerns the extent to

which treatment effects were maintained following

treatment cessation. Our findings add to the limited

evidence from pilot studies on the CO-OP intervention

[29–31] and on computerised EF training post-stroke

[10,11] suggesting some maintenance of training bene-

fits over time for both interventions (i.e. CO-OP and

COMPUTER training). However, further large studies with

longer follow-up times are warranted to confirm these

results.

Limitations

Data reported in this study should be interpreted with

caution given the small sample size and the other study

limitations. The absence of a control group that received

no specialised EF intervention and the fact that partici-

pants were receiving another form of rehabilitation

during this study also limits inferences that can be made.

Although participants in both groups reported benefits

that may be attributed to the study interventions, it is

also possible that these arose from the other rehabili-

tation interventions received during the study period. It

was not possible to precisely estimate the extent to

which each patient-specific goal OR EF impairment was

addressed by these interventions. Further, it is possible

that some of the positive changes observed in the

outcome measures were due to spontaneous recovery

and/or practice effects. Also, the inability to randomly

assign the first two participants in the CO-OP group may

also have introduced some bias, by affecting the

comparability of the two groups on known and

unknown confounding variables. Finally, the fact that

the CO-OP group was more impaired on the TMT B than

the COMPUTER group could explain why they made

more gains on this outcome measure. Also, the CO-OP

group did not have anyone who would be considered

impaired on the CWIT inhibition subtest. This could

explain why this group’s performance on this outcome

measure was worse post-intervention and the changes

observed were less than what was seen in the

COMPUTER group.

Conclusions

In conclusion, findings from this pilot trial support the

feasibility of both interventions – CO-OP and

Computerised EF training – with persons with subacute

stroke experiencing EF deficits. Both treatments were

acceptable to participants and are feasible to deliver.

Preliminary evidence suggests that both interventions

have a positive impact on real-world outcomes; and, that

CO-OP might have a greater impact on improving self-

efficacy for performing everyday activities. Future

research should investigate whether a combination of

approaches, involving both computer training in specific

EF processes and compensatory strategy training using

the CO-OP approach could yield the most optimal

treatment outcomes.
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