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ABSTRACT
Background: Best evidence suggests incorporating task-specific training, aerobics, and strength-
ening to improve mobility and gait in persons with stroke (PWS). Related research suggests 
incorporating cognitive problem-solving strategy training may lead to better skill maintenance 
and transfer. The present study examined the feasibility and preliminary outcomes of an evidence- 
based cognitive augmented mobility program (CAMP) for PWS.
Methods: A single-arm pre-post and follow-up design was conducted, in two blocks 
(NCT03683160). Participants completed an exercise intervention with an integrated cognitive 
strategy component and had weekly 1:1 sessions with a physiotherapist trained in Cognitive 
Orientation to daily Occupational Performance (CO-OP), focusing on goal practice and cognitive 
strategy use. CAMP consisted of a pre-intervention education and goal-setting session and 16 90- 
minute sessions held in a group format, 2x/wk for 8 weeks. Assessments were conducted 1 week 
prior to beginning the intervention, 1 week post-intervention, and at a 4–5 week follow-up.
Results: CAMP was found to be feasible with 96% session attendance and strong participant 
satisfaction. Pre to post-CAMP intervention, a large effect was found for endurance (r = 0.53), 
balance (r = 0.59), mobility (r = 0.63) and goal attainment (r = 0.63) indicators, and large effects were 
maintained at follow-up for balance, mobility, and goal attainment. A medium effect was found for 
functional independence (r = 0.38), gait speed (r = 0.39), and balance confidence (r = 0.38). A small 
effect was found for participation (r = 0.27) and overall stroke recovery (r = 0.25).
Conclusions: Preliminary results suggest CAMP is feasible; there may be a beneficial effect of 
combining best evidence for mobility and fitness with cognitive strategy training. The positive 
results for skill maintenance and transfer suggest further investigation is warranted.
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Introduction

Individuals who are living with the physical, cogni-
tive, and affective effects of a stroke frequently 
experience reduced functional activity and limited 
life participation (Alzahrani, Ada, and Dean, 2011; 
Appelros et al., 2007; Mayo et al., 2002; van der Zee 
et al., 2013). Among the most important challenges 
to resuming a meaningful life following a stroke are 
those related to restricted mobility and gait 
(Andrenelli et al., 2015). Although current best 
practice mobility treatment approaches are asso-
ciated with improvements in the specific skills 
trained, they are not usually associated with 

improved community participation, skill mainte-
nance, or skill transfer (Pollock et al., 2014; 
Veerbeek et al., 2014). Skill transfer is defined as 
the use of learning from one skill to influence the 
learning of a novel, secondary skill (Geusgens et al., 
2007), such as a patient learning in rehabilitation to 
step up on practice stairs and subsequently transfer-
ring that to learning independently to step up on 
a curb in the community. Without the ability to 
transfer learning, those who have completed formal 
rehabilitation are limited to performing the specific 
set of skills they have been trained to do, thereby 
limiting community reintegration and optimal life 
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participation. People living with the effects of stroke 
commonly have unattained or new mobility goals 
after formal rehabilitation is complete, but often 
have not learned the necessary skills to transfer 
learning and attain those goals on their own.

Teaching cognitive problem-solving strategies may be 
one method to provide patients with these additional 
skills. Cognitive strategies, also called learning strategies, 
are consciously controllable processes that support per-
formance during learning (Rosenshine, 1997). Global or 
general cognitive strategies, also known as metacogni-
tive strategies, have problem-solving and evaluative 
components and are thus applicable to almost any learn-
ing situation. There is a growing body of evidence to 
suggest that teaching patients global cognitive strategies 
is associated with maintenance of skills learned, as well 
as transfer to novel skills (Ahn et al., 2017; Houldin, 
McEwen, Howell, and Polatajko, 2018; McEwen et al., 
2015; McEwen, Polatajko, Huijbregts, and Ryan, 2009; 
Skidmore et al., 2015a). We postulated that pairing cog-
nitive strategy training with best practice mobility train-
ing would provide better mobility outcomes that are 
maintained and associated with transfer to new skills. 
Thus, we developed the Cognitive-Augmented Mobility 
Program (CAMP) that combines best evidence for fit-
ness and mobility with best evidence for cognitive strat-
egy training. The following sections outline current 
evidence for components that were included in CAMP 
and provide an overview of the program development 
process.

Evidence for mobility and fitness

Contemporary post-stroke physiotherapy includes 
strength and aerobic exercises along with functional 
task-specific training (Egan et al., 2019; Veerbeek et al., 
2014). An extensive meta-analysis (Veerbeek et al., 
2014) concluded that several gait-related interventions 
are associated with positive effects on walking ability, 
comfortable gait speed, leg muscle strength, and aerobic 
capacity, but the effect sizes were small to moderate. 
Additionally, the improvements were generally 
restricted to the intervention period; that is, mainte-
nance of these benefits was not usually demonstrated. 
Furthermore, changes were limited to those activities 
specifically trained, suggesting that transfer to other 
skills did not occur. Task-specific training and combined 
cardiorespiratory and strength exercises were identified 
among the most efficacious interventions (Veerbeek 
et al., 2014). Task-specific training is the context- 
specific practice of motor tasks combined with some 
form of feedback (Teasell, Foley, Salter, and Jutai, 
2008). While there may be subtle differences, for the 

purposes of this paper, task-specific training includes 
the related concepts of repetitive functional task prac-
tice, repetitive task practice, task-related training, and 
task-oriented training (I J, Parsons, Neilson, and Carey, 
2009). Progressive task-specific strength training is 
designed to improve function and enhance task- 
performance. Findings show that while muscle strength 
may improve, function does not when resistance train-
ing is used in isolation (Saunders et al., 2013). Similarly, 
with cardiovascular training, Boyne et al. (2016) found 
that improving aerobic capacity does not improve walk-
ing speed or endurance unless training was done using 
walking as the mode. The intent of task-specific cardio-
vascular training is to improve the ability and ease with 
which a client can complete a specific task versus 
improving aerobic capacity alone. In sum, the evidence 
for fitness and mobility suggests the inclusion of 
a progressive task-specific program with both strength-
ening and cardiovascular components.

Evidence supports having meaningful client chosen 
goals

Actively involving the client in goal setting has a positive 
impact on: mental well-being (Rosewilliam, Roskell, and 
Pandyan, 2011); satisfaction (Charles, Gafni, and 
Whelan, 1997; Turner-Stokes, Rose, Ashford, and 
Singer, 2015); motivation (Brown et al., 2014; Leach, 
Cornwell, Fleming, and Haines, 2010; Scobbie et al., 
2013; van de Port et al., 2009); functional gains 
(Dalton, Davidson, and Keating, 2012; Turner-Stokes, 
Rose, Ashford, and Singer, 2015); and is well-established 
as a desired standard in the provision of client-centered 
care. Client-centered care is understood to be care that 
reflects clients’ values, needs, and wants, and is accom-
plished by involving clients in discussions about their 
care and by engaging them in shared decision-making 
(Mead and Bower, 2000). To ensure the wants and needs 
of the client are the primary focus of interventions, 
client-centered goal setting is crucial. However, the evi-
dence suggests clients are not consistently or effectively 
included in the process (Rose, Rosewilliam, and Soundy, 
2017). Collaborative goal setting is an interactive process 
of shared-decision making in which expert clinician 
knowledge complements client-specific concerns 
(Veerbeek et al., 2014).

Evidence for cognitive strategy training

To have a sustained, meaningful impact on activity and 
community participation in stroke populations, two 
intervention outcomes are crucial: 1) Gains made during 
a formal rehabilitation program must be maintained 
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after discharge to the community; and 2) The finite 
number of skills learned in formal rehabilitation must 
be transferable to new contexts and skills that the person 
will encounter after discharge. Global cognitive strategy 
training, as used in the Cognitive Orientation to daily 
Occupational Performance (CO-OP) Approach 
(Polatajko and Mandich, 2004), has demonstrated 
a large effect on skill transfer compared to dose- 
matched controls in the stroke population, and a large 
effect is maintained at follow-up (McEwen et al., 2015). 
Furthermore, CO-OP-derived cognitive strategy train-
ing is associated with significantly greater improvements 
than controls in functional independence at a 6-month 
follow-up (Skidmore et al., 2015a). CO-OP is 
a performance-based approach that teaches clients to 
independently use a global cognitive strategy to solve 
performance problems, supported by therapists’ use of 
guided discovery, and therapist and client use of 
dynamic performance analysis (DPA). Extensive details 
about the theoretical foundations and how to use CO- 
OP are available in two books (Dawson, McEwen, and 
Polatajko, 2017; Polatajko and Mandich, 2004).

The global cognitive strategy used in CO-OP is 
Goal-Plan-Do-Check (GPDC) (Meichenbaum, 1977). 
It provides structure to the deliberate use of pro-
blem-solving strategies and self-evaluation to support 
goal-directed learning of a wide variety of general or 
specific skills. GPDC is a well-established problem- 
solving framework that helps clients to identify goals, 
create plans to achieve the goals, do the plan, and 
check success to inform plan modification if neces-
sary. Clients are taught that there are many potential 
plans to solve a performance problem, and that a lack 
of success is not cause for concern, but rather an 
indication that a different plan or plan modification 
is needed. GPDC is a tool that clients are taught to 
use independently, so they can continue to set and 
achieve new goals (i.e. mobility or otherwise) once 
therapies are finished. Guided discovery is a means of 
providing instruction and feedback in which 
a knowledgeable therapist guides the client to self- 
discover specific strategies to functional mobility pro-
blems through a process of questioning, hinting, and 
cueing rather than using direct and explicit instruc-
tion (Mayer, 2004). Dynamic performance analysis is 
the identification of specific areas of skill perfor-
mance breakdown at the execution level, rather than 
at the impairment level (i.e. identifying that a patient 
is dragging his right foot versus has difficulty walking 
because of muscle weakness). When combined with 
task-specific training, cognitive strategy training pro-
grams have a large and maintained effect compared 
to control interventions on transfer to untrained 

skills (McEwen et al., 2015; Skidmore et al., 2015a, 
2014) and functional independence (Skidmore et al., 
2015a) in people with stroke. In controlled trials, 
cognitive strategy training has demonstrated an effect 
on apathy, self-efficacy, participation, aspects of 
health-related quality of life, cognitive flexibility, 
and upper extremity function (McEwen et al., 2015; 
Skidmore et al., 2015a, 2014, 2015b; Wolf et al., 2016) 
in stroke populations. Despite these successes, func-
tional gains demonstrated have primarily been in 
upper-extremity activities and research on its effect 
on mobility is limited, likely because most studies 
have occupational therapists implement CO-OP 
where the majority of treatment goals focus has 
been on upper-extremity dominant activities. For 
example, in an RCT comparing CO-OP to usual 
care, there was a large effect on self-selected activities 
in the CO-OP group (McEwen et al., 2015), but the 
change on Stroke Impact Scale mobility domain was 
not significant or clinically important (Wolf et al., 
2016). We postulated that developing a program 
combining cognitive strategy training and best evi-
dence for mobility training would have a significant 
and maintained effect on key mobility outcomes. 
Table 1 lists CO-OP’s five essential elements 
(Skidmore et al., 2017) and describes how they were 
incorporated in CAMP.

CAMP development

CAMP’s initial clinical objectives and program compo-
nents were designed through an iterative literature 
review and expert consensus process involving all 
authors. CAMP has five clinical objectives: 1) 
Participants will learn and implement problem solving 
skills; 2) Participants will achieve and maintain perso-
nal mobility and fitness goals; 3) Participants will gen-
eralize skills learned to be able to perform them in 
other environments; 4) Participants will transfer skills 
learned during intervention to untrained skills; and 5) 
Participants will improve overall community 
participation.

To meet these clinical objectives, components of 
CAMP were determined to be client chosen goals; edu-
cation regarding fitness, mobility training, and cognitive 
strategy use; one-on-one cognitive strategy training; and 
active participation in a goal-oriented, task-specific, 
individualized exercise program (IExP) conducted 
within a group setting. A group setting was chosen to 
be more cost effective while also providing an element of 
peer support and camaraderie.

The objective of this study was to conduct 
a preliminary evaluation of the feasibility and efficacy 
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of CAMP to plan for future controlled trials. Two spe-
cific research questions were posed: 1) Is CAMP feasible 
to implement with people with stroke living in the 
community? Feasibility criteria include practicality (no 
adverse events, non-medical withdrawal rate <20%, 
attendance rate >80%), and acceptability to participants; 
and 2) What is the estimated effect of CAMP post- 
intervention and at one-month follow-up (mainte-
nance) on gait speed, walking endurance, balance, activ-
ity and mobility self-efficacy, mobility goal attainment, 
mobility skill transfer, functional independence, partici-
pation, and overall recovery?

Methods

Research design

A single-arm pre-post and follow-up design was con-
ducted, in two blocks. Initial baseline assessments (T1) 
were conducted within 1 week prior of beginning the 
8-week exercise intervention, and post-intervention 
assessments (T2) were conducted within the week fol-
lowing. Follow-up assessments (T3) were conducted 
4–5 weeks post-intervention. This study was approved 
by Sunnybrook Health Sciences Center Research Ethics 
Board and written informed consent was obtained from 
each participant.

Participants

Participants were recruited upon discharge from an out-
patient rehabilitation program at a freestanding, univer-
sity-affiliated rehabilitation hospital. To be eligible, 
participants were 18 years of age or older, post-stroke, 
had completed outpatient therapy, and could walk 
a minimum of 3 meters with or without an aid. 
Exclusion criteria were the inability to follow direction, 
communicate, and participate in therapy/research 
assessments (based on the judgment of the referring 
therapist); having no ongoing mobility goals; neurologi-
cal diagnoses other than stroke; major psychiatric ill-
ness; or significant dementia. Upon referral, participants 
were screened for eligibility, and informed consent was 
obtained. Participants were recruited in two blocks for 
two separate implementations of the CAMP program. 
The target sample size was 10; we aimed to recruit 4 
people for the first running of CAMP and 6 for 
the second. A smaller group was targeted for the first 
group to allow the staff running the program to become 
familiar with the processes.

Intervention description

Overview
Figure 1 provides an overview of the CAMP program, 
which is executed with one Physiotherapist (PT), one 
Physiotherapy Assistant (PTA), and one volunteer. The 
program consists of one pre-intervention individual 
goal-setting and education session, followed by sixteen 
90-minute group sessions that occur twice per week for 
8 weeks. Each group session consists of group education, 
a general warm-up, and an embedded IExP based on 
patient-chosen goals. Additionally, once per week, each 
participant has a one-on-one goal practice session with 
the PT built into the group session. CAMP has three 
phases; each phase increases the level of independence 
and self-evaluation progressively while simultaneously 

Table 1. Key features of CO-OP approach embedded in the 
design of CAMP.

Key Feature
Description of how key feature was used in 

CAMP

Client Chosen Goals Achieved by using the Canadian Occupational 
Performance Measure (COPM) (Law et al., 2014). 
CAMP participants are guided to identify 
mobility and fitness concerns, and then rate 
the order of importance of each selected goal. 
The COPM is also used as an outcome 
measure to assess patients’ self-perceived 
performance and self-satisfaction with 
performance of self-selected goals over time.

Dynamic Performance 
Analysis (DPA)

The DPA is an observational process by which 
the observer identifies performance problems 
or breakdowns (Polatajko, Mandich, and 
Martini, 2000) for the purpose of developing 
potential strategies for improving 
performance. The DPA involves both the 
clinician and the patient, either 
independently or collaboratively and is an 
iterative process (Dawson, McEwen, and 
Polatajko, 2017). 
The DPA is a component of the Goal-Plan-Do- 
Check (GPDC) framework. For example when 
“checking” the performance, the patient and 
clinician will work together to identify 
a performance issue that can then be used in 
the “plan”.

Cognitive Strategy Use Cognitive strategies include both general/global 
strategies and specific strategies. The global 
strategy used here is GPDC, an overarching 
problem solving framework used throughout 
treatment. It promotes problem-solving and 
has an element of self-evaluation. Through 
guided discovery and DPA, patients discover 
specific strategies (such as modifying their 
body position or using a verbal mnemonic) to 
enable them to perform activities and skills.

Guided Discovery A valuable technique used by the clinician to 
engage the patient in problem solving for 
improved performance. The clinician 
facilitates active learning using guiding 
questions or statements that lead the patient 
to actively discover (learn) performance 
solutions or strategies.

Enabling Principles Working Toward Independence: The CAMP 
program is broken down into 3 phases. Each 
phase progressively increases the level of 
independence and self-evaluation while 
decreasing the level of assistance provided. 
Facilitating Generalization and Transfer: 
A number of strategies are embedded in the 
design of CAMP to promote generalization 
and transfer of skill.

4 K. DITTMANN ET AL.



decreasing the level of assistance provided by the clin-
ician. Phase 1 (Foundations) has the greatest focus on 
understanding the principles of exercise training, best- 
practice guidelines (Hebert et al., 2016), and establishing 
a program that is specific to the self-selected goal. Phase 
2 (Skill Acquisition) encourages participants to start 
thinking about how to incorporate GPDC into their 
life outside of the program (i.e. home practice) and to 
start considering goals that they might work toward 
after CAMP. Phase 3 (Consolidation), is the final two 
weeks of the program and the focus is on consolidating 
what has been learned and to develop a plan for next 
steps after CAMP. Transition planning and post- 
discharge plans are discussed on the first day and 
throughout the program.

Pre-intervention session
During the pre-intervention session, the participants 
meet one-on-one with the PT for 90 minutes. The 
pre-intervention session includes education about 
CAMP, understanding and using GPDC, principles 
of exercise, and best practice guidelines for activity 
after a stroke. The PT uses the Canadian 
Occupational Performance Measure (COPM) (Law 
et al., 2014) as a tool to collaborate with the parti-
cipant to develop 3–5 self-selected goals. The PT 

then reviews GPDC again, using one of the partici-
pant’s goals as the example. Discussions around 
transition and post-discharge planning begin during 
this initial session, and continue throughout the 
program.

Group education and warm up
The PT adjusts the education to the group as needed, 
encourages discussion, and uses specific examples from 
the group wherever appropriate. Following the educa-
tion session, the group participates in a general warm-up 
led by the PTA.

Goal practice sessions
Once per week, each participant has a one-on-one 20 to 
30 minute goal practice session with the PT while the 
rest of the group work on their IExP with the PTA. 
During the goal practice session, the PT and the parti-
cipant use GPDC to develop strategies toward attaining 
their selected goals. The PT also uses guided discovery 
instruction to support problem solving and discovery of 
strategies. For example, the patient may have set a Goal 
to walk from the train station to work without a “hop”. 
During the goal practice session, the therapist might 
guide the patient to discover a Plan to use a verbal cue 
such as “relax leg” to help decrease the “hop” during 

Figure 1. CAMP intervention description.
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walking. The patient then Does the plan, and Checks to 
see if the hop decreased. The patient may change, mod-
ify, or add to the plan during the Check phase.

The GPDC format is used as a framework for goals 
that were developed for CAMP as well as for imple-
menting a plan at home independently, progressing 
plans including modifications to the IExP as it relates 
to participant goals and setting new goals after CAMP. 
These sessions are also an opportunity to discuss and 
modify the individual exercise program and provide 
additional education as needed to achieve individua-
lized goal(s).

Individualized exercise program
Each patient within the group has an individually 
designed exercise program (IExP) based on the 
goals they established during the pre-intervention 
session with the PT. For example, the aforemen-
tioned patient with the goal to walk from the train 
station to work without a “hop” would likely have 
a walking specific strengthening program. This pro-
gram includes exercises to specifically strengthen the 
muscle groups needed for walking, through the 
range of motion specific to walking. As an example, 
three evidence-based exercises are: 1) ankle plantar 
flexors for push-off during gait (concentric strength-
ening between 5 degrees of dorsiflexion and 20 
degrees of plantar flexion); 2) hip extensors during 
the early stage of stance (concentric strengthening 
from 40 degrees hip flexion); and 3) hip flexor 
power needed to terminal stance and early swing 
stages of gait (concentric strengthening between 10 
degrees of hip extension and 10 degrees of hip 
flexion) (Williams, Kahn, and Randall, 2014). 
Patients are educated about the importance of train-
ing the specific muscles in the specific range they 
are needed for the functional task, and the link 
between the exercises being performed and their 
functional goal is explicitly discussed. Task-specific 
strengthening programs are followed by task-specific 
practice (e.g. a patient practices walking after com-
pleting walking specific strength exercises). During 
the foundations phase, the focus is for the patients 
to perform the exercises well, and to understand 
why they are doing a particular exercise as it relates 
to goal attainment. The PTA, trained in the CO-OP 
Approach, facilitates the IExPs within the group 
using guided discovery and assists in the develop-
ment of self-evaluative skills. The PT and PTA meet 
before each session to discuss strategies developed 
in the Goal Practice sessions; the PTA then rein-
forces these strategies during the group sessions.

Outcome measures

The incidence of adverse events, retention, and attendance 
were recorded to assess feasibility. Acceptability to partici-
pants was assessed using an intent-to-use interview and 
a Likert type scale with six questions: 1) [The therapist] 
understood what I was trying to accomplish in the CAMP 
program; 2) [The therapist] and I agreed on what was 
important for me to work on; 3) I believe the way we 
worked on my goals was correct; 4) What I did in the 
CAMP program gave me new ways of looking at my 
recovery; 5) I am satisfied with the CAMP program; 
and 6) I will continue to use the skills I learned during the 
CAMP program.

Outcome measures to estimate the effect of CAMP on 
gait speed, walking endurance, balance, activity and mobility 
self-efficacy, mobility goal attainment, mobility skill transfer, 
functional independence, and participation are outlined in 
Table 2. Note that as the Community Balance and Mobility 
Scale (CB&M) (Howe et al., 2006) was used to assess skill 
transfer, mobility tasks in that scale were not included in the 
IExPs. Cognitive status, educational status, handedness, type 
of stoke, and employment status were collected at baseline to 
describe the patient population.

Data analysis

The two participant groups were pooled for data analysis. 
Descriptive statistics were compiled for all demographic, 
feasibility, and outcome data. Due to the small sample size, 
non-parametric statistics were used. Medians and ranges 
were calculated, and to estimate efficacy, non-parametric 
effect sizes were calculated using the formula r= |Z|/ 
√N (Fritz, Morris, and Richler, 2012). Additionally, for 
measures for which an estimate of a minimally important 
change was available, the proportion of participants who 
achieved that level was calculated and reported.

Results

Overview of participants

Eighteen clients were assessed for eligibility and 10 con-
sented, 4 for the first running of CAMP and 6 for 
the second; see Figure 2 for the study CONSORT diagram. 
Two (2) withdrew prior to assessment or beginning the 
program and the remaining eight participants completed 
the intervention and all assessments. As the exclusion cri-
teria for cognition and communication issues was purpose-
fully open and left to the judgment of referring therapists in 
this development and feasibility study, some participants 
with cognitive impairment and language barriers due to 
aphasia or English as a second language were included. See 
Table 3 for a description of the participants.
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Feasibility, practicality and acceptability

No adverse events or non-medical withdrawals occurred 
during the intervention. The average attendance rate 
was 96%. Due to an administrative error, satisfaction 
surveys were administered to second group only 
(n = 4). All four strongly agreed they were: satisfied 
with CAMP, would continue to use skills learned, that 
the PT understood what they wanted to accomplish, that 
they were involved in shared-decision making, and that 
the approach used to achieve their goal was best for 
them personally.

Effect of intervention

Effect size
Table 4 reports medians, minimum and maximum 
scores, and non-parametric effect sizes. Pre to post 
CAMP there was a large effect for the 6MWT, the BBS, 

Table 2. Description of outcome measures.
Instrument(s) Description and Psychometric Properties

Gait Speed: 
5 meter walk test 
(5 mWT) (Collen, Wade, and Bradshaw, 1990)

The 5 mWT is a measure of gait speed where participants are asked to walk a distance of 
5 m including an additional 2 m to accelerate and 2 m to decelerate. The 5 mWT has high 
reliability and responsiveness in stroke (Collen, Wade, and Bradshaw, 1990; Salbach et al., 
2001). 
MCID: 0.16 m/s (Tilson et al., 2010)

Walking Endurance: 
6-minute walk test (6MWT) (Butland et al., 1982)

The 6MWT is a widely used measure of walking endurance after stroke and has shown excellent 
reliability in stroke populations (Fulk and Echternach, 2008; Kosak and Smith, 2005; Wevers, 
Kwakkel, and van de Port, 2011). 
MCID: 34.4 m (Tang, Eng, and Rand, 2012)

Balance: 
Berg Balance Scale (BBS) (Berg, Wood-Dauphinee, 
Williams, and Gayton, 1989)

The BBS is a 14-item assessment of static balance and fall risk. In stroke populations, the BBS 
has excellent test-retest and inter-rater reliability (Hiengkaew, Jitaree, and Chaiyawat, 2012; 
Mao et al., 2002). The Berg Balance Scale is tested out of 56. 
MDC: 4.7 (Hiengkaew, Jitaree, and Chaiyawat, 2012; Mao et al., 2002)

Balance Confidence: 
Activity-specific Balance Confidence Scale (ABC) (Powell 
and Myers, 1995)

The ABC is a 16-item questionnaire that measures a participant’s confidence to perform daily 
activities without falling. The ABS has excellent internal consistency (Salbach et al., 2006) 
and adequate to excellent test-retest reliability (Botner, Miller, and Eng, 2005). (There are no 
MDC or MCID available for this measure).

Goal Attainment: 
Canadian Occupational Performance Measure (COPM) 
(Law et al., 2014)

The COPM is a semi-structured interview that focuses on identifying activities within 
performance domains that are important to the patient. The patient and therapist then 
create goals for therapeutic interventions. Participants score performance and satisfaction for 
each goal on a 10-point scale. The COPM has been validated for use with stroke patients 
(Cup, Scholte op Reimer, Thijssen, and van Kuyk-Minis, 2003). 
MDC: 1.7 (performance); 2.7 (satisfaction) (Cup,)

Mobility: 
Community Balance and Mobility Scale (CB&M) (Howe 
et al., 2006)

The CB&M measures balance and mobility in participants and is less susceptible to ceiling 
effects than other commonly used balance scales, such as the BBS. Item(s) will not be trained 
during CAMP and will be assessed as a universal transfer item. The CB&M is scored on 96. 
MDC: 8 points (Howe, Inness, and Wright, 2011)

Functional Independence: 
Functional Independence Measure (FIM) (Uniform Data 
System for Medical Rehabilitation, 2009)

The FIM is a reliable (Hamilton, Laughlin, Fiedler, and Granger, 1994) 18-item measure that 
assesses the amount of assistance a patient requires to complete ADL using a 7-level scale. 
The FIM has two subscales, motor and cognition. 
MCID: 22 (Beninato et al., 2006)

Stroke Recovery: 
Stroke Impact Scale (SIS) (Duncan et al., 1999)

The SIS is a 59-item questionnaire, divided into 8 subscales about the perceived impact of 
stroke on function and everyday life. The psychometric properties of the instrument are well- 
defined (Duncan, Bode, Min Lai, and Perera, 2003; Duncan et al., 1999; Edwards and 
O’Connell, 2003). 
The 8-item Participation subscale and Recovery subscale were used in data analysis. 
Participation subscale: Each item is scored on a 5-point Likert scale related to the 
frequency with which the person with stroke experiences limitations in their participation in 
meaningful activities. 
Recovery subscale: Scale from 0–100 which measure client’s perceived recovery from 
stroke. 
(There are no MDC or MCID available for these subscales).

Total Completed CAMP (n=8) 
• Completed CAMP I (n=4) 
• Completed CAMP II (n=4) 

Assessed for Eligibility (n=18)

Excluded (n=1)
• Inclusion criteria not met

Eligible (n=17)

Excluded (n=7)
• Declined (n=6)
• Unable to Contact (n=1)

Enrolled (n=10)

Did not receive intervention (n=2)
• Voluntary withdrawal

Figure 2. Participant flow diagram.
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the CB&M, and both COPM performance and satisfac-
tion. A medium effect was found for the FIM, the 
5mWT, and the ABC. A small effect was found for SIS 
participation and SIS recovery. From pre-intervention to 
1-month follow-up, a large effect was found for the BBS, 
CB&M, and both COPM scores, whereas the 6MWT 
showed a medium effect. Small effects were found for 
FIM, 5mWT, and SIS recovery at follow-up. No effect 
was noted at follow-up for SIS participation or ABC.

Proportion of participants with minimal change 
scores
Table 4 displays the number and proportion of partici-
pants who achieved a change score greater than the 
established minimal detectable change (MDC) or mini-
mally clinically important difference (MCID) for each 
outcome measure. All eight participants achieved MDC/ 
MCID on at least two outcome measures at T2. Seven of 
the eight participants achieved MDC/MCID on at least 

two outcomes measures at T3. One participant did not 
achieve MDC/MCID at T3 for any outcome measure. 
The greatest proportion of change scores was seen in 
patient perceived goal performance and satisfaction 
(COPM scores) while there were no improvements 
seen on FIM scores.

Discussion

We developed a cognitive-augmented mobility program 
that is feasible for people recovering from stroke and 
shows promise of efficacy. Participants improved function 
and goal performance from baseline to post-intervention 
and 1-month follow-up, and showed improvements in 
indicators of skill transfer to untrained skills particularly 
in balance and mobility items assessed with the CB&M. 
Improvements are not likely due to spontaneous recovery 
given participants were well beyond 3 months understood 
to be the window for natural motor function gains (i.e. 
changes not directly related to rehabilitation intervention) 
(Jorgensen, Nakayama, Raaschou, and Olsen, 1995; 
Kwakkel and Kollen, 2013; Kwakkel, Kollen, van der 
Grond, and Prevo, 2003; Nakayama, Jorgensen, 
Raaschou, and Olsen, 1994). Adding cognitive strategy 
training to best evidence task-specific gait and mobility 
training, while continuously involving the patient in deci-
sion-making throughout the program, is believed to have 
contributed to positive mobility outcomes while simulta-
neously addressing maintenance and skill transfer. CAMP 
did not have an effect on participation at 1-month follow- 
up, possibly because the follow-up was done too soon after 
intervention to observe an effect, or a different outcome 
measure may be needed.

Our challenge in developing CAMP was to weave 
together evidence from studies that have had success in 
skill performance improvement, maintenance of gains, 
and skill transfer. Participants improved skill 

Table 3. Demographics.
Participant Characteristic Median (range)

Age 67 (54–73)
Weeks since stroke 25.36 (17.43–36.57)
Years of education 14 (12–16)
MoCA score* 21.5 (20–30)

Number (percent)
Sex (Female) 3 (37.5%)
Handedness (right handed) 8 (100%)
Living Situation
Living with others 8 (100%)
Employment status
Employed 3 (37.5%)
Retired 3 (37.5%)
Retired due to disability 2 (25%)
Stroke type
Ischemic 5 (62.5%)
Hemorrhagic 3 (37.5%)
Most affected side (right side) 5 (62.5%)

MoCA = Montreal Cognitive Assessment; Note: *n

Table 4. Median (range), effect sizes, and proportion of cases greater than minimal detectable change (MDC) or minimally clinically 
important difference (MCID).

Outcome

Median (range) Effect size‡ r
% of cases with change score greater than MDC or 

MCID

T1 T2 T3 T1 – T2 T1 – T3
Change 1 

T1- T2
Change 2 

T1-T3

FIM – Total 109.5 (93–121) 112 (90–124) 111 (94–123) 0.38 0.25 0% 0%
5 mWT* (m/s) 0.49 (0.15–0.77) 0.56 (0.16–0.95) 0.56 (0.14–0.97) 0.39 0.26 50% 50%
6 MWT (m) 163 (28–486) 179 (39–508) 201.5 (28–465) 0.53 0.38 37.5% 37.5%
SIS Participation 56.3 (5–70) 62.5 (47.5–80) 57.5 (47.5–80) 0.27 0.03 - -
SIS Recovery 45 (30–90) 60†(40–80) 57.5 (35–90) 0.25 0.25 - -
ABC 65.9 (33.1–85.6) 65.6† (46.9–91.9) 63.1† (48.4–96.9) 0.38 0.09 - -
BBS (/56) 44 (29–55) 50.5 (38–56) 52 (44–56) 0.59 0.63 62.5% 62.5%
CB&M (/96) 18 (3–72) 23 (9–76) 26† (10–88) 0.63 0.63 25% 50%
COPM Performance (/10) 3.7 (2–6.5) 7.4 (5.5–8.3) 6.3 (4.3–9.3) 0.63 0.59 100% 75%
COPM Satisfaction (/10) 2.5 (0.8–7.8) 7.2 (5–8.7) 6.6 (4.3–9.3) 0.63 0.60 75% 87.5%

FIM = Functional Independence Measure; 5mWT = 5 meter walk test; 6MWT = 6 minute walk test; SIS = Stroke Impact Scale; ABC = Activity-specific Balance 
Confidence Scale; BBS = Berg Balance Scale; CB&M = Community Balance & Mobility Scale; COPM = Canadian Occupational Performance Measure; Note: 
*n = 4; †n = 7
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performance, as expected when participating in 
a program based on current best evidence for mobility 
performance improvement. Improvements in high-level 
balance and mobility indicators were seen and, as these 
items were not trained in the program, are indicative of 
skill transfer. Adherence issues are often the result of not 
knowing what to do, or a belief that the exercises will not 
be helpful (Miller et al., 2017). CAMP addressed this 
issue with education and interactive goal-practice ses-
sions to provide participants with information needed to 
directly relate their exercise program to personal goals 
and to develop the skills to modify and progress inde-
pendently. We also progressively decreased the level of 
assistance and actively co-planned the transition into the 
community, enhancing self-management skills. 
Teaching problem solving skills using GPDC was 
added with the intent of contributing to better retention 
and skill transfer as has been found in CO-OP studies 
(Ahn et al., 2017; McEwen et al., 2015). Strategy training 
is associated with improved self-efficacy (Poulin et al., 
2017), and we believe it influences self-evaluation and 
long-term self-management. Complementing an evi-
dence-based mobility program with purposeful incor-
poration of cognitive strategies known to affect transfer 
and maintenance, such as in CAMP, shows potential to 
support improved long-term outcomes post-stroke.

An important active ingredient in CAMP is believed to 
be the involvement of the patient in shared decision- 
making in all aspects of the program. Shared decision- 
making occurs when clients and clinicians work together 
to combine the client’s values and preferences with best 
evidence and decide together on a treatment plan for 
a specific situation (Armstrong, 2017). In CAMP, shared 
decision-making is incorporated throughout in goal set-
ting, IExP development, and in cognitive strategy training 
including self-evaluation and guided discovery. Using the 
semi-structured interview tool embedded within the 
COPM and establishing mobility issues and subsequent 
personally meaningful mobility goals during the first 
assessment allowed for the shared decision-making pro-
cess to be established immediately. In intervention plan-
ning, the participants used the cognitive strategies they 
had been taught to problem solve their performance 
issues and worked closely with the therapists on modifi-
cations and progressions to their program. An active aim 
of CAMP was that all exercises be meaningful to the client 
while staying true to best evidence. Performing self- 
selected tasks has been found to be more effective for 
stroke clients to improve balance, symmetric weight bear-
ing in the lower extremity, and lower extremity function 
when compared to a set-task program (Ahn, Ahn, and 
Kim, 2011). Although it is generally agreed that client- 
centered care and embracing shared decision-making is 

the desired approach (Mead and Bower, 2000; Veerbeek 
et al., 2014; Winstein and Kay, 2015), there is no current 
framework to include client-centered care, nor is the 
concept well understood in physiotherapy (Mudge, 
Stretton, and Kayes, 2014; Wijma et al., 2017). This sug-
gests a tension arises when attempting to join a more 
traditional therapist-driven approach to rehabilitation 
with a client-centered approach. The concept of shared 
decision-making can ease this tension. By supporting 
open, personalized communication with equal value 
given to both parties, a therapeutic alliance is established 
that shifts the therapy focus from the therapist to the 
client (Hiller, Guillemin, and Delany, 2015). The three 
phases of CAMP were specifically designed to ease this 
transition allowing for a progressive shift along 
a continuum of shared responsibility toward patient inde-
pendence and self-management. CAMP shows promise 
to assist therapists in providing client-centered care, while 
working toward functional gains and optimal long-term 
outcomes.

This study had broad inclusion criteria, including 
participants with cognitive impairments. We only 
excluded those who exhibited, based on the judgment 
of the referring therapist, an inability to follow direction, 
communicate, and participate in therapy/research 
assessments. As a result of these open criteria, 
a participant with challenging cognitive impairments 
entered the study. She had an FIM cognitive score of 
22 and presented as processing information very slowly, 
retained only a fraction of information provided from 
one session to the next, had difficulty understanding 
scoring systems for many of the patient-reported out-
comes, and initially had great difficulty developing her 
own performance plans. In future CAMP research, we 
recommend including formal cognitive screening and 
excluding participants with this level of cognitive 
impairment. However, from a clinical standpoint, the 
decision to exclude people with moderate to severe 
cognitive impairment is less obvious. On one hand, 
a program that provided more one-on-one time and 
perhaps in her own home setting may have been better 
for this individual. On the other hand, she was able to 
improve her ability to problem solve, although it took an 
increased amount of one-on-one time with either the PT 
or the PTA, and a more direct approach than with the 
other participants. As well, the intervention was effective 
for her as evidenced by improved outcomes measures, 
such as an improvement in Berg Scores from 29/56 (T1) 
to 38/56 (T2) and continued improvement at 1-month 
follow-up with a score of 44/56, each improvement 
greater than the MCD of 4.7 points.

As we have found with our own previous 
research (McEwen et al., 2015) and as mentioned 
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in a recent scoping review (Engel-Yeger et al., 
2018), participation following a stroke tends to 
improve over time. It is possible that the duration 
of this study and the short one-month follow-up 
did not allow enough time for participants to reen-
gage in their lives. Among the most common facil-
itators of activity, engagement are having 
opportunity and having someone with whom to 
do the activity (Fox et al., 2017). It is possible 
that the one-month period following the CAMP 
program did not provide enough time for opportu-
nities to present themselves, nor for participants to 
seek out opportunities or potential companions.

Limitations and next steps

This was a developmental study with small numbers, no 
control group, a single research therapist, and clustering 
of participants in groups that could not be addressed in 
the analysis. Therefore, these are preliminary results that 
need further testing with tighter inclusion/exclusion cri-
teria, larger numbers, and a control condition. The pro-
gram was developed to accommodate up to six people in 
a group to improve cost effectiveness but was tested with 
only four in each group. An interim feasibility test of 
a group with six people is advisable prior to a controlled 
trial. Although a follow-up assessment was included, it 
was only 1 month after the intervention; future work 
should incorporate longer follow-up periods that may 
better capture changes in participation and be a more 
stable indicator of maintenance. Future work should 
consider alternative participation measures and self- 
efficacy indicators that are more specific to the interven-
tion. The potential effect of group camaraderie was not 
captured other than anecdotally, and should be investi-
gated in future work.

Conclusion

Our findings suggest that combining best evidence 
for mobility and fitness for survivors of stroke with 
cognitive strategy training is feasible. Further, preli-
minary efficacy results included a large effect on self- 
selected goal performance at one-month follow-up 
and transfer of learning to balance and mobility 
skills; further investigation with a control condition 
is warranted.
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