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Abstract

Background. Powered-wheelchair use improves participation for people with mobility limitations; however, many individuals do
not receive powered-wheelchair skills training that meets their learning needs. Purpose. The aim of this work is to evaluate the
feasibility of a powered-wheelchair training program for older adults with cognitive impairment, using errorless learning strategies
facilitated by shared control technology. Method. A feasibility 2 x 2 factorial randomized controlled trial will recruit 32 older
adults in residential care with mild to moderate cognitive impairment who are new powered-wheelchair use. The intervention
consists of six or |12 training sessions, facilitated by shared control technology, using errorless learning techniques. Control
participants will receive six or 12 training sessions using trial-and-error methods. Feasibility and clinical outcomes data (primary
outcome: powered-wheelchair skills) will be collected. Implications. Errorless learning facilitated by shared control technology
may be an alternative to meet the powered-wheelchair learning needs of older adults with cognitive impairments.

Abrégeé

Description. Bien que I'usage d’un fauteuil roulant motorisé permette d’améliorer la participation des personnes ayant des
problémes de mobilité, de nombreux individus ne bénéficient pas d’un programme d’entrainement au fauteuil roulant motorisé qui
correspond a leurs besoins en matiére d'apprentissage. But. Evaluer la faisabilité d’un programme d’entrainement au fauteuil roulant
motorisé pour des ainés ayant des troubles cognitifs basé sur des stratégies d’apprentissage sans erreur facilitées par la technologie
d’assistance par contréle partagé. Méthodologie. Un essai randomisé de faisabilité basé sur un plan factoriel 2 x 2 permettra de
recruter 32 ainés ayant des troubles cognitifs de léger a modéré qui vivent dans des établissements de soins et qui sont de nouveaux
utilisateurs de fauteuils roulants motorisés. L’intervention comprend soit six ou |12 séances d’entrainement facilitées par la technologie
d’assistance par controle partagé et basées sur des techniques d’apprentissage sans erreur. Les participants du groupe témoin
recevront six ou |2 séances d’entrainement a 'aide de méthodes d’essai et erreur. Des données seront recueillies sur la faisabilité
et les résultats cliniques (principaux résultats: habiletés pour utiliser un fauteuil roulant motorisé). Conséquences. L’apprentissage
sans erreur facilité par la technologie d’assistance par contréle partagé peut étre une solution de rechange pour répondre aux
besoins des ainés ayant des troubles cognitifs qui doivent apprendre a utiliser un fauteuil roulant motorisé.
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owered wheelchair (PWC) use improves participation
P outcomes and quality of life in individuals with mobility
impairment through increased independence, social
engagement, and mobility and reduced reliance on caregivers
(Brandt, Iwarsson, & Stahle, 2004; Fomiatti, Richmond, Moir,
& Millsteed, 2013; Lofqvist, Pettersson, Iwarsson, & Brandt,
2012; Mortenson, Miller, Backman, & Oliffe, 2011; Pettersson,
Tornquist, & Ahlstrom, 2006; Salminen, Brandt, Samuelsson,
Toytéri, & Malmivaara, 2009). However, the clinical decision
to provide a client with a PWC is complex; it is dependent on
an individual’s skills and abilities, including cognitive and per-
ceptual abilities; diagnosis and prognosis; and environments of
use (Karmarkaretal.,2012; Mortenson, Clarke, & Best, 2013). As
aresult, despite the potential benefits of PWC use, many individ-
uals who would benefit do not get access, particularly if they are
unable to demonstrate the required skills: capacity to safely nego-
tiate the environment, avoid obstacles (including people), and
recognize when assistance is needed (Canning & Sanchez, 2004).

PWC skills training can be provided to address some of the
challenges new users may face and to mitigate the potential risk
to the user or others in his or her environment (Kirby, Cough-
lan, & Christie, 1995; Mountain et al., 2010). In a study inves-
tigating residential-care PWC guidelines, a majority of
respondents felt more in-depth training was required, particu-
larly when there are limitations to cognition, movement, or
vision (Mortenson et al., 2006). This training ideally considers
both the capacities of the learner and the characteristics of the
environment of use (Field, 1999; Greer, Brasure, & Wilt, 2012;
Mortenson et al., 2013). However, limitations, including a lack
of effective training protocols, available clinical time for train-
ing, and concerns about safety in the training process, often
result in inadequate training provided to the individuals who
need more in-depth or tailored learning opportunities.

Specifically, individuals with cognitive impairments are
often denied access to training, or are given training that does
not meet their learning needs, limiting their ability to obtain or
maintain use of a PWC (Mortenson et al., 2013). Clinicians
may be hesitant to engage in PWC training, particularly with
learners with cognitive impairments, citing concerns they will
not be able to effectively respond to safety issues in the training
process. Furthermore, meeting the specific learning needs of cog-
nitively impaired learners is necessary for success. For those with
intact cognition, trial-and-error learning can be used, as short-
term working memory allows for recall of the error and correction
in subsequent trials. With age-related cognitive decline, short-
term and working memories associated with learning are typically
affected (Backman, 1992). Difficulty with verbal recall was asso-
ciated with challenges remembering operational instructions for
the device and the actions that led to errors in a previous trial
(Cullen, O’Neill, & Evans, 2008).

Individuals with cognitive impairment are more likely to
learn through errorless training strategies, which do not rely on
explicit memory processes for recalling errors (Akhtar, Moulin,
& Bowie, 2006; Baddeley & Wilson, 1994). Errorless training
techniques, including modelling and demonstration, cued
learning without and with fading, and spaced retrieval, rely

on implicit memory processes that remain relatively intact in
the presence of memory loss and other cognitive decline
(Davis, 2005; De Vreese & Neri, 2001). These techniques have
been demonstrated to be effective in teaching (or reteaching)
procedural skills to individuals with cognitive impairment,
including development of morning routines for chronic dia-
betes management (Ferland, Larente, Rowland, & Davidson,
2013), activities of daily living and instrumental activities of
daily living (Dechamps et al., 2011), and prosthetic limb fitting
(Donaghey, McMillan, & O’Neill, 2010).

Applying errorless learning to powered mobility is a novel
approach that has previously not been documented in the liter-
ature. To apply these training strategies, clinicians require
increased control over the wheelchair to tailor the task to the
learner and prevent sources of error. Teleoperation, or shared
control, provides a trainer with the opportunity to override the
wheelchair user’s controls, much like a second steering wheel
and brake in a driver-training car. A recent study exploring the
clinical utility of shared control for PWC skills assessment and
training identified the potential use of the technology for
increasing the control provided to the trainer, which would
allow alternative approaches to training, similar to those
described in the errorless learning literature (Smith, Rismani,
Mortenson, & Miller, in press). Furthermore, clinicians identi-
fied the potential for reduced risk in the training environment,
which has previously been identified as a training-related bar-
rier (Smith et al., in press). Finally, the reduced risk allows the
trainer to increase the amount of training completed in natural
environments, which may be more effective for learning for
individuals with cognitive impairments and may help to
decrease the time required for training (Smith et al., in press).

This study evaluates the feasibility of the Collaborative
Power Mobility Innovative Learning OpporTunity (CoPILOT),
an errorless approach to powered mobility training, facilitated
by shared control technology.

Primary and Secondary Objectives

The primary objective of this study is to address the feasibility
of study methods and procedures for a subsequent large-scale
RCT, including process issues of subject recruitment, consent,
retention, and perceived benefit; resource issues of treatment
adherence and time to complete data collection and interven-
tion; management issues of equipment reliability, subject pro-
cessing, and protocol administration; and treatment issues of
safety, response, and treatment effect (Thabane et al., 2010).

Clinical objectives are secondary to feasibility objectives and
are one of the feasibility indicators (treatment response and
effect). The primary clinical objective of the study is to evaluate
the effects of the intervention (CoPILOT vs. customary-care con-
trol) and training dose (six sessions vs. 12 sessions) on PWC skill
capacity. The secondary clinical objective of the study is to eval-
uate the effects of the CoPILOT intervention and training dose on
satisfaction and performance of wheelchair-related goals, self-
reported PWC skill capacity, PWC skill confidence, and capacity
for divided attention in PWC use.
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Figure |. CoPILOT study design. PWC = powered wheelchair; MoCA = Montreal Cognitive Assessment; PIDA = Power-Mobility Indoor
Driving Assessment; WheelTalk = Wheeling While Talking Test; WhOM = Wheelchair Outcome Measure; WST-P-Q = Wheelchair Skills Test
for Powered Wheelchair Users Questionnaire; WheelCon-P = Wheelchair Use Confidence Scale for Powered Wheelchairs; HUI3 = Health

Utility Index 3; CoPILOT = Collaborative Power Mobility Innovative Training OpporTunity.
?Completed at baseline only for participants with previous PWC experience.

Description of the Trial Design

A 2 x 2 factorial, evaluator-blinded feasibility RCT will eval-
uate the feasibility of study methods for use in a large-scale
RCT. This study will investigate two intervention factors: type

of training (CoPILOT vs. customary-care control) and training
time (six sessions vs. 12 sessions), their effects on the primary
and secondary clinical outcomes, and potential interactions
between factors. A visual representation is provided in Figure 1.
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Method

Description of Participants

Participants (N = 32) will be included if they live in residential
care, are >50 years old, may benefit from the use of a PWC,
can operate a standard PWC joystick, and score between 18 and
26 on the Mini-Mental State Examination (consistent with mild
to moderate cognitive impairment; Tombaugh & Mclntyre,
1992). Participants may be new to PWC use or previously
denied due to safety concerns. Participants will be excluded
if their clinical therapist has identified visual and/or hearing
concerns that may compromise training safety or if they are
unable to speak, read, or write English well enough to complete
study outcome measures.

As the primary objective of this study is to assess the feasi-
bility of study procedures, it may not be appropriate to determine
sample size based on calculations from the primary outcome
(Billingham, Whitehead, & Julious, 2013; Hertzog, 2008). A
sample size of 32 (eight per group; 16 per factor) was selected
to ensure sufficient replication to address feasibility outcomes and
ensure precision of means and variance for feasibility outcomes.

Interventions

The CoPILOT intervention will use a PWC skills training
approach that emphasizes errorless, experiential learning facili-
tated by shared control technology used by the trainer. The
intervention will take place in familiar environments in each
participant’s residential care facility. During training, partici-
pants will independently operate the PWC with the trainer offer-
ing verbal and visual cues and guidance through the shared
control technology to prevent a collision or unsafe event, demon-
strate a skill, or promote experiential learning. For example, if a
participant is learning to manoeuvre the chair through a hallway
and is at risk of hitting the sidewall, the trainer will have the
capacity to gently guide the chair away from the wall, demon-
strate proper driving techniques, and prevent a collision. Trainers
will also have the capacity to modify speed (acceleration and
deceleration) and turning direction as necessary or to engage the
emergency stop function to prevent an unsafe event.

Skills will be introduced and progressed using training
techniques that gradually increase potential error and effort
in skill retrieval, which has been shown to be important to
learning (Middleton & Schwartz, 2012; Mimura & Komatsu,
2007; see Figure 2). An example of skill progression using
errorless techniques is provided in Table 1. The CoPILOT
Training Manual is available from the authors.

The control (customary care) protocol uses the Wheelchair
Skills Program (Kirby et al., 2018). Trainers will provide
instructions on PWC skills through verbal or visual instruction,
using trial-and-error methods. Skills will progress from basic to
advanced, building on success of previously learned skills.
Participants will be required to consistently demonstrate safe
operation of the device in a quiet environment with nonhuman
obstacles prior to proceeding to complex environments with
people present. Training will be completed in a wheelchair

comparable to that used in the CoPILOT protocol but without
the shared control capacity. This will minimize potential dif-
ferences in the training program that are not attributable to the
CoPILOT approach. In circumstances where a trainer feels the
participant is at risk to himself or herself or to others, the trainer
will verbally ask the participant to stop. If the situation is more
urgent, the trainer may remove the participant’s hand from the
joystick or turn off the chair.

Total Training Time

This study will assess both the intervention and control proto-
cols at two levels of training time (six vs. 12 sessions) to
determine if there is an additional effect of time and to deter-
mine feasibility differences between these intervals. As there is
no standard dose of training provided in clinical practice, and
no published evidence regarding an effective dose of training,
these times are consistent with published data regarding train-
ing protocols in two Canadian facilities, which found evidence
of wheelchair skill acquisition at both six and 12 sessions (Hall,
Partnoy, Tenenbaum, & Dawson, 2005). Participants complet-
ing six sessions will complete three sessions per week over 2
weeks; participants completing 12 sessions will complete four
sessions per week over 3 weeks. Sessions will last a maximum
of 1 hr, dependent on the training tolerance of the participant.

Intervention Fidelity
Trainers will be provided with education regarding the proto-
cols, including the theoretical underpinnings of the CoPILOT
and control protocols. All trainers will be provided with an
intervention manual (CoPILOT or control) that outlines the pro-
tocol in detail and provides suggested training progressions and
information about training techniques. All trainers will also have
the opportunity to practise skills required for the delivery of the
intervention, including technical skills for use of the CoPILOT
shared control system (if applicable) and the standard wheel-
chair. Finally, new CoPILOT trainers will shadow a minimum of
two training sessions with an experienced CoPILOT trainer.
Throughout the study, fidelity of the intervention delivery
will be monitored through regular audit of staff logs, where trai-
ners will report skills and techniques used in the training process
and challenges adhering to the protocol, and through regular team
meetings with the investigators and study coordinator. Trainers
will exclusively deliver either the CoPILOT or the control inter-
vention to ensure there is no contamination between protocols.

Equipment

The PWC used for both the CoPILOT and control interventions
will be a standard mid-wheel drive PWC, most often used in
residential care environments (Sabol & Haley, 2006), adjusted
to the participant’s size and featuring powered tilt to promote
stability and positioning for posture or pressure management.
PWCs outfitted with shared control technology will be used for
participants receiving the CoPILOT intervention.
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Figure 2. Training-technique skill progression.

Table |
Sample Skill Progression Using an Error-Minimized Approach for the Skill “Navigating an Elevator”

Level of error/

Training technique  effort Description
Demonstration/ Low/low Using the CoPILOT remote, execute the elevator skill providing verbal and visual cues for each step.
modelling Steps are as follows (key considerations in parentheses):

1) Approach the elevator (orientation in space, speed)

2) Call the elevator (distance, spacing)

3) Position to enter the elevator (spacing, planning entrance, awareness of others)

4) Enter the elevator (awareness of others, speed of doors, chair speed, joystick use)

5) Position within elevator (awareness of others, 180-degree turn, planning for operation and exit)
6) Operate elevator (position, spacing)

7) Exit elevator (awareness of others, speed of doors, chair speed, joystick use)

Cued learning Low/low Instruct the learner to call, enter, operate, and exit the elevator, providing continuous cues regarding
without fading joystick use, orientation, spacing, awareness of others, and speed as outlined above.
Provide override assistance as necessary to minimize potential risk, including risk of collision.
Cued learning with  Medium/ As above, with fewer cues each subsequent trial. Reduce override assistance where possible.
fading medium
Chaining Medium/ Forward chaining: Instruct learner to complete first step of the skill as outlined above (approaching the
medium elevator), helping where necessary, and complete remainder of the skill using the CoPILOT remote.
Continue adding steps on each subsequent trial until the learner is completing the entire skill
independently.

Backward chaining: Using the CoPILOT remote, complete Steps | through 6, and instruct learner to
complete the final skill (exit elevator), helping where necessary. Add skills in reverse order on each
subsequent trial until the learner is completing the entire skill independently.

Note: You may wish to mix these techniques to have the learner complete those steps he or she is
comfortable with, adding steps in order of difficulty.

Spaced retrieval High/high During initial training, ensure skill is repeated regularly. As the learner gains proficiency, reduce the
number of times the skill is performed until elevator use is limited to functional needs.

Note. CoPILOT = Collaborative Power Mobility Innovative Learning OpporTunity.

Outcomes To assess treatment outcomes, we will collect a variety of
Feasibility indicators will be collected for process, resource, data, including COHFYOI anq 'descriptive measures and p'rimary,
management, and treatment outcomes throughout the study secondary, and tertiary clinical outcomes. Table 3 outlines all
administration and at completion. Table 2 outlines criteria for ~Measures, 1pcludmg constructs evaluated and time points for
success for each of the feasibility indicators. data collection.
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Table 2
Feasibility Indicators and Parameters for Success

Feasibility indicator Measure

Parameter for success

Process
Recruitment rate Number of subjects recruited
Consent rate
Retention rate
Perceived benefit

% of subjects consenting
% of subjects with T2 data collected

Resources
Treatment adherence

CoPILOT group Number of training sessions attended

Control group Number of training sessions attended

Data collection
Subject and evaluator
time
Collection of HUI3 data

Time to complete data collection

Trainer time

CoPILOT group Time spent on training intervention

Control group Time spent on training intervention

Management
Wheelchair reliability
Subject processing time  Time from initial contact to enrolment
Treatment administration
issues
Treatment
Safety (skills training)
Safety (data collection and
assessment)
Treatment response
Dose level response
Treatment effect and
variance

Adverse events during skills training
Adverse events during assessment

size/power calculations

Qualitative interviews with participants and trainers

Time to administer HUI3 pre-/post-treatment score

Downtime due to technical or mechanical issues

Post-treatment evaluation interview (study trainer)

Two-way ANOVA comparison between groups
Two-way ANOVA comparison between groups
Estimate of effect size and variance for future sample

4 subjects per month:

Total of 32 over 8 months

<10% subject refusal

Complete T2 data collection with >80% of subjects

Qualitative analysis will inform perceived benefit and
clinical significance

>85% of subjects attend 12 sessions (|2-session
protocol)

>85% of subjects attend six sessions (six-session
protocol)

>85% of subjects attend |12 sessions (12-session
protocol)

>85% of subjects attend six sessions (six-session
protocol)

>85% of subjects complete T| <2 hr
>85% of subjects complete T2 <I1.5 hr
Mean administration is <10 min
Statistically significant T1 and T2 change

Mean time spent per subject is <20 hr (|2-session
protocol)

Mean time spent per subject is <I0 hr (six-session
protocol)

Mean time spent per subject is <20 hr (12-session
protocol)

Mean time spent per subject is <10 hr (six-session
protocol)

>90% of training sessions experience no wheelchair
technical issues

Mean time is <|0 days at each site

Any issues identified can be modified without substantial
changes to the protocol

No major injuries or adverse events reported
No major injuries or adverse events reported

A significant difference between groups identified
At least one training dose sufficient for a treatment effect

Note. CoPILOT = Collaborative Power Mobility Innovative Learning OpporTunity; HUI3 = Health Utility Index 3; TI = Time |; T2 = Time 2.

The primary clinical outcome (PWC skill) will be assessed
using the Power-Mobility Indoor Driving Assessment (PIDA).
The PIDA measures capacity and safety of driving skill in a
residential care environment. The PIDA is the only reliable tool
available to measure wheelchair skills, which include global
skills of speed selection and sharing public spaces, addressing
issues of judgement and insight that may be challenged with
impaired cognition (Dawson, Chan, & Kaiserman, 1994).

Assignment of Interventions

Following enrolment and collection of demographic and base-
line data, participants will be randomized to one of four groups
(CoPILOT6, CoPILOT12, Control6, Controll2) using an
online computerized process (www.sealedenvelope.com),
which will balance groups using a random permuted blocks
design. Block sizes between four and 16 will be used, with
allocation concealed prior to randomization.
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Table 3
Outcome Measures
Measure Construct Reliability/validity TI T2
Control and descriptive measures
Demographic form Age, sex, previous N/A v
wheelchair
experience,
diagnosis
Geriatric Depression Scale—Short Form Mood, depressive Test-retest: r = .85, exact agreement with clinical 4

(Greenberg, 2007)
adults

Functional Comorbidity Index
(Groll, To, Bombardier, & Wright, 2005)

Montreal Cognitive Assessment
(Nasreddine et al., 2005) impairment,

dementia

Primary clinical outcome
Power-Mobility Indoor Driving Assessment
(Dawson, Chan, & Kaiserman, 1994)

Wheelchair skill

safety
Secondary clinical outcomes
Wheelchair Skills Test for Powered Wheelchair
Users Questionnaire
(Kirby et al., 2018)
Wheeling While Talking Test
(Giesbrecht & Miller, 2014)

Self-reported
wheelchair skill
capacity

Divided attention
while driving

Confidence with
powered-
wheelchair use

Wheelchair Confidence Use Scale for Powered
Wheelchairs Short Form (Sakakibara, Miller,
Rushton, & Polgar, 2018)
Wheelchair Outcome Measure (Mortenson,
Miller, & Miller-Pogar, 2007)
and satisfaction
Tertiary clinical outcomes
Health Utility Index 3
(Horsman, Furlong, Feeny, & Torrance, 2003)
cost analysis

symptoms in older

Impact of multiple
comorbidities on
physical function

Cognition/cognitive

competence and

Wheelchair-related
goal performance

Health-related quality
of life, health utility,

diagnosis on 67.5%, concordance of presence vs.
absence of depression in 78%

(Parmelee, Lawton, & Katz, 1989)

Physical component summary correlation to 36-ltem v
Short Form Health Survey: -0.47, p < .01

(Fortin et al., 2005)

Test-retest: Time |-Time 2 correlation, r = .92, detected v
90% of mild cognitive impairment, 100% of Alzheimer-/
dementia-type cognitive impairment

(Nasreddine et al., 2005)

Intrarater: ICC = 0.67, p <.001 veE v
Interrater: ICC = 0.87, p <.00I
(Dawson et al., 1994)

Interrater: ICC = 0.72 (95% CI [0.58, 0.83]) %

Test-retest: ICC = 0.92 Ve v
Intrarater: ICC = 1.00

Interrater: ICC = 1.00

(Giesbrecht & Miller, 2014)

Test-retest: ICC = 0.85 v v
(Rushton, Demers, Miller, & CanWheel Research Team,

2012)
ICC =0.77-1.0 v v

(Auger et al., 2010)

Test-retest: Kappa = 0.767 v v
Interrater: Kappa > 0.8

Intrarater: Kappa = 0.29-0.53

Correlation with global utility scores: r = .59—9

(Furlong, Torrance, & Feeny, 1994)

Note. ICC = intraclass correlation; Cl = confidence interval.

?Completed at baseline only for participants with previous powered-wheelchair experience.

Description of Data Collection

Feasibility data will be collected using staff logs and qualitative
interviews with the study trainers, evaluators, and coordinator
and during collection of clinical-outcomes data. Training logs
will be completed following each training session to collect
information on skills practised, safety or equipment concerns,
adverse events, and a plan for the subsequent training session.
Throughout the study, staff will record challenges with data
management and coordination. Semistructured qualitative
interviews will provide further data regarding feasibility out-
comes and focus on protocol changes to maximize success in a
future RCT (see Figure 3 for sample interview questions).

Clinical outcomes will be measured by a trained and
blinded evaluator at baseline (pre-randomization; Time 1
[T1]) and following completion of participant training (Time
2 [T2]). At T1, all participants will complete control and
descriptive measures, the Wheelchair Use Confidence Scale
for Powered Wheelchair Users (WheelCon-P), Wheelchair
Outcome Measure (WhOM), and Wheelchair Skills Test for
Powered Wheelchair Users Questionnaire (WST-P-Q). If par-
ticipants indicate previous experience with a PWC and report
capacity to operate the PWC for a variety of basic driving tasks
(driving in a straight line and stopping, turning left and right),
they will also complete baseline evaluations for the PIDA and
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Participants

I. Please tell me about your experience learning to drive the
powered wheelchair.

2.  What things did the trainer do that made it easier for you to learn
how to drive the wheelchair?

3. What things could the trainer have done to help you learn the
skills more easily?

4. Please tell me about how safe you felt while learning to drive the
powered wheelchair.

Trainers

I. Please describe how you used the CoPILOT system when training

throughout the study.

What were the benefits of the CoPILOT system in your training?

What difficulties did you encounter using the CoPILOT system?

Please tell me about your experience using the study protocol.

If you were to complete this study again what changes would you

make to the study protocol, and why?

Evaluators

I. Please describe any difficulties you had administering the
evaluation.

2. Please describe your experience conducting the evaluation with
the electronic or paper-based forms.

3.  What was your experience of booking and completing the
evaluations with participants.

Coordinator

I. Please describe your experience managing the wheelchairs and
CoPILOT systems required for the study.

2. What was your experience with participation recruitment and
retention?

3. If you were to complete this study again, what changes would you
make to the study protocol, and why?

nnhwN

Figure 3. Sample interview questions.

Wheeling While Talking Test (WheelTalk). Participants who
have never driven a PWC before will not complete these mea-
sures at T1 due to safety concerns. Following training (T2), all
participants will be asked to complete all clinical outcome
measures.

Data Management

Data will be collected using electronic and paper-based data
forms. All data will be deidentified, entered into a secure data-
base, and checked by a second person for accuracy. Hard cop-
ies of data will be kept in a locked filing cabinet in the primary
investigator’s research lab.

Data Analysis
Feasibility outcomes reported in statistical analysis will include
mean administration time for testing of all clinical outcome
measures. The remaining feasibility outcomes will be coded
as either successful or requiring revision for a future clinical
trial. Standards for success have been set a priori and indicate a
specific aspect of the protocol can be used in the future with
few or no changes (see Table 2).

Clinical data will include control and descriptive variables
(i.e., age, sex, presence of depression) and clinical-outcome

measures. Measures of central tendency with standard devia-
tion will be produced for all continuous demographic and base-
line data, as will clinical-outcome measures. Frequency and
proportion will be reported for baseline categorical variables.

Post-treatment PIDA scores will be compared for main
effects and potential interactions within and between factors
(intervention and training time) using two-way analysis of var-
iance (ANOVA). Effect size estimates for PIDA scores will be
calculated to be used in a future RCT. Descriptive data and
scores from control measures will be included in multivariate
analysis to control for any confounding influences on the pri-
mary outcome. Significance testing (p) and marginal means
with 95% confidence intervals will be estimated. Effect size
(partial %) will be calculated as a ratio of the effect and total
sums of squares, with a 95% confidence interval. Missing data
will be handled using multiple imputation.

Secondary analysis. A linear mixed model will be used
to compare post-treatment scores for wheelchair-related goal
satisfaction and performance (WhOM), self-reported wheel-
chair skills (WST-P-Q) scores, wheelchair skill confidence
(WheelCon-P), and divided attention (WheelTalk) scores for
both intervention and training time factors and any potential
interactions. Significance testing (p) and 95% confidence inter-
vals will be estimated.

Post-treatment qualitative analysis. Analysis of qua-
litative data will be conducted by two investigators, using a
directed content analysis approach (Hsich & Shannon, 2005),
with analyses guided by feasibility parameters described in
Table 2.

Safety and Monitoring

Safety will be promoted using a combination of wheelchair-
related safety features and trainer judgment. Wheelchair-
related features will include set maximal speed, appropriate
seating and safety/positioning belts, and an emergency stop
protocol. The trainer will be responsible for ensuring safety
throughout the training period for the participant and others
in the environment. Adverse events will be reported to the
Clinical Research Ethics Board and followed up in the study
protocol. Safety, including reports of adverse events (e.g., col-
lisions causing injury to the participant or others, falls during
training), is one of the feasibility indicators.

Ethics

Informed consent. This study may include individuals
who do not have capacity to provide informed consent; there-
fore we will include proxy decision makers where necessary.
Legal consent will be signed by the participant and/or a sub-
stitute decision maker, and an ongoing process of consent mon-
itoring will be used (Hubbard, Downs, & Tester, 2003). As in
standard clinical practice, the trainer will provide a reminder to
the participant at the outset of each training session about the
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process of the study and seek verbal consent to proceed. Pro-
cess consent will be documented in the training log.

Research ethics approval. This study protocol was
approved by the Clinical Research Ethics Board at the Univer-
sity of British Columbia, Vancouver Coastal Health Research
Institute, and Providence Health Care.

Confidentiality. All identifying materials will be
removed from the data files (both hard copy and electronic),
with study numbers used to identify participants. This unique
subject number will not be derived from personal identifiers.

Discussion

Potential Impact and Significance of the Study

This study will contribute to the justification for a larger RCT
to assess the effectiveness of the CoPILOT intervention for
individuals with cognitive impairment in residential care. An
aging population, with an associated increase in cognitive
impairments, requires training approaches that are tailored to
their needs. The use of novel technology to facilitate these
approaches will bridge the gap between standard training and
learning needs of these individuals. Demonstrating the effec-
tiveness of an errorless training approach for this population in
a future RCT will also inform best practice for PWC skills
training. As many individuals in residential care are wheelchair
users (Shields, 2004), this study has the potential to impact a
large number individuals who may have previously been
deemed unsuitable for PWC use. As a result, this intervention
could increase the number of individuals eligible for PWC use
and provide secondary benefits in terms of increased indepen-
dence, participation, and quality of life.

The inclusion of time for training as an intervention vari-
able will provide preliminary evidence about the effectiveness
of training dose for PWC training. As clinicians identify time
as a barrier to providing wheelchair skills training, this could
inform clinical practice and contribute to the development of
best-practice standards.

Shared control has been identified as having potential to
increase safety in the training process (Smith et al., in press).
Safety has been identified as a key area of concern for clini-
cians when conducting training and may contribute to the deci-
sion not to proceed with training for individuals with cognitive
impairments (Smith, Kenyon, Field, & Miller, 2017). While
this study specifically focuses on older adults with cognitive
impairments, demonstrating feasibility for this intervention in a
clinical trial may support future investigations of a technology-
supported errorless learning approach for use with additional
populations who experience cognitive impairment, including
individuals with developmental disability or brain injury.

This study relies on technology not yet available on the
market and not previously validated for use in training. A
recent study evaluating the potential clinical utility of shared

control identified several potential benefits and drawbacks to
the use of shared control for training (Smith et al., in press).
While participants were generally positive about the potential
application of shared control, some concern was raised regard-
ing the need for appropriate feedback to the learner, to mitigate
the potential he or she might not understand the behaviour of
the wheelchair when it is being overridden by the trainer (Smith
et al., in press). Concerns were also raised regarding the need
for ongoing trainer practice to maintain competence with the
device (Smith et al., in press). Success in this trial will provide
an opportunity to further assess these concerns in a larger trial,
focused on the efficacy of the technology for PWC skills
training.

Limitations

This study addresses the feasibility of study procedures for a
future RCT and does not address skill retention over time. It is
also unable to address the potential future needs of those who
may experience further decline in cognitive ability and the risk
associated with this decline. These limitations should be
addressed in a future large-scale RCT.

As customary care differs by institution, it has been stan-
dardized in this study to ensure it is comparable in duration to
the CoPILOT treatment, minimizing differences in trainer
attention. Results from the control intervention may not be
comparable to that received in all residential care facilities
locally or in other jurisdictions.

Conclusion

This study is the first to evaluate the use of error-minimized
training techniques and dose required for PWC skills training.
There is currently minimal research evidence for PWC skills
training in the literature. Success in this study will provide
justification for proceeding to a larger, multisite RCT to eval-
uate the effectiveness of the training program. Furthermore,
this study will provide effect size estimates for both the primary
outcome (PIDA) and for training dose, which will help to
assess sample size for future research in PWC skills training.
The development and evaluation of an evidence-based training
program for PWC skills training will inform clinical practice
and contribute to future best-practice standards.

Key Messages

e Powered-wheelchair skills training based in trial-and-error
methods may not provide the best learning opportunities for
individuals with cognitive and memory impairments.

e Shared control technology may provide opportunities for
safe and effective powered-wheelchair skills training.

e There is minimal research evidence supporting powered-
wheelchair skills training. Evidence-based programs for
powered wheelchair skills training are needed.
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