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Abstract

Background: Evidence indicates that post—stroke rehabilitation improves function,
independence and quality of life. A key aspect of rehabilitation is the provision of
appropriate information and feedback to the learner.

Advances in information technology (IT) have allowed for the development of various
systems to complement stroke rehabilitation that could be used in the home setting. In
the near future these systems may increase the provision of rehabilitation a stroke
survivor receives and carries out, as well as providing a learning platform that facilitates
long-term self-management.

Aim: To explore the utilisation of extrinsic feedback from computer-based technology
to facilitate post-stroke upper-limb rehabilitation in the home.

Method: Using the principles of realistic evaluation, this study explored the context of
utilising computer feedback for upper limb stroke rehabilitation in the home setting; the
underpinning theory-driven mechanisms of the intervention and how these impacted on
theoretical outcomes. Focus groups with Community Stroke Teams were followed by
initial testing and multi-method case studies before, during and after the use of
computer-based equipment. Data were analysed in relation to the hypotheses case by
case. This was followed by a synthesis of the findings to answer the question, ‘what
works for whom and in what circumstances and respects?’

Findings: Data analysis reveals that in order to achieve desired outcomes through the
use of computer technology, key elements of computer-feedback such as; accurate,
measurable, rewarding, adaptable, and knowledge of results feedback are required to
trigger the mechanisms underpinning the intervention. In addition, the pre-existing
context and the personal and environmental contexts such as; previous experiences of
service delivery, personal goals, trust in technology, social circumstances and
practicalities may also enable or constrain the underpinning theory-driven mechanisms.
Discussion: This research has explored the implications of the paradigm shift from
therapist led rehabilitation where feedback is provided face-to-face to a more patient led
model of rehabilitation where feedback is provided by a computer in the absence of a
therapist. Findings suggest that the delivery of feedback in clinical practice is led by
their empirical knowledge and understanding of the therapists. However, this model of
delivery may not be conducive to motor learning and self-management and may also
influence the personal context of users.

The theory-driven mechanisms underpinning the utilisation of feedback from computer-
based technology for home-based upper-limb post-stroke rehabilitation are dependent
on key elements of computer feedback and the personal and environmental context. The
discovery of these elements may therefore result in the development of technology;
therapy education and the subsequent adoption of technology and a self-management
paradigm; long-term self-managed rehabilitation; and importantly, improvements in the
physical and psychosocial aspects of recovery. Further work is required to; develop the
technology so that it incorporates the elements of feedback highlighted by this research;
ensure the technology is robust, reliable and accurate; investigate the clinical utility of
technology for home-based stroke rehabilitation, and the extent to which it might
encourage utilisation by the end user.
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Introduction and the Realistic Evaluation Framework used

Throughout the Thesis

Introduction

Strokes are a global problem and as a result of rising risk factors such as, an aging
population, obesity and hypertension, the global incidence of stroke is set to escalate .
from 15.3 million to 23 million by 2030 (Strong et al, 2007). In the UK, strokes are the
largest single cause of disability (Department of Health (DoH), 2007) resulting in a cost
to the economy of £8.9 billion a year (Saka et al, 2009). The decrease in mortality and
rise in morbidity means that there are more stroke survivors living with the profound
and unique sequelae of stroke, placing an increasing demand on stroke services (NAO
2010).

Evidence indicates that post—stroke rehabilitation improves function, independence and
quality of life (Kwakkel et al, 2004; Pollock et al, 2007) providing that it is long-term,
intense, task-specific, goal-orientated, variable, environmentally enriched and includes
feedback on performance (Kalra and Ratan 2007; Krakauer 2006; Barker and Brauer
2005; Langhorne et al, 2009). Initiatives such as the Quality, Innovation, Productivity
and Prevention (QIPP) programme provide a continued focus on delivering stroke
services that: are cost-efficient; provide the best quality of care; involves patient choice;
allows for care to continue beyond the acute period; maximises recovery; and is
delivered closer to home (DoH 2007; 2008; 2010). Indeed, over recent years there has
been a contextual shift in service delivery from hospital-based rehabilitation to the
community. However, due to the increasing demand on services and financial
constraints, service needs cannot be met, therefore, there needs to be further
consideration for the delivery of new, innovative service models to increase the amount
of time patients spend in therapy within the context of home-based rehabilitation (DoH
2010).

Radical innovation is now considered to be an essential way of delivering the changes
that are required to meet the challenges faced in healthcare (DoH 2010; 2011).
Therefore, initiatives that focus on patient-centered care that involves contemporary
ways of promoting long-term self-management for chronic conditions remain at the
forefront of service redesign (DoH 2010; Bunt and Harris 2009; Jones 2006). Recent
technological advances have prompted the development of robotic, virtual reality, and
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inertial tracking systems that have the potential to provide consistent, detailed,
individually adapted rehabilitation in the absence of the therapist (Intercollegiate Stroke
Working Party 2008). Furthermore, these systems may also have the potential to
promote a model of rehabilitation that encourages self-managed rehabilitation over the

longer term.

Much of the evidence supporting conventional post-stroke rehabilitation suggests that
feedback is provided verbally face-to-face by a therapist and typically involves hands-
on therapy (Ballinger et al, 1999; DelJong et al, 2004; Hartvelt and Hegarty 1996;
Wohlin Wottrich et al, 2004). However, the drive towards the use of new technologies
and the promotion of self-care exposes unanswered questions regarding the reliance that
a stroke survivor can have upon a therapist for both, motor learning skills (Magill 2007)
and the self-management of the resultant long-term disability (Jones 2006). Therefore,
further exploration is required to investigate the use of feedback provided by technology

in the absence of a therapist.

This research explores the shift from receiving face-to-face feedback to receiving
feedback provided by computer technology within the context of the user’s home in the
absence of a therapist. Using a novel methodological approach, this thesis therefore
contributes original knowledge by evaluating how the context of using computer-based
feedback for upper-limb post-stroke rehabilitation impacts on the theory-driven
mechanisms underpinning the intervention resulting in context-mechanism-outcome

configuration theory refinement.

The Methodological Framework

The methodological framework used in this thesis was based on the principles of
realistic evaluation (Pawson and Tilley 1997). This gave an important innovative
dimension to the research study since this methodology has not been used in the
development and evaluation of technology for rehabilitation. This methodological
approach was essential as the current knowledge base for using technology for post-

stroke rehabilitation within the context of the home is limited.

Realistic Evaluation

From an epistemological standpoint, the researcher aimed to explore how the context of

the intervention; ‘the provision of extrinsic feedback from computer-based technology

16



for upper-limb post-stroke rehabilitation in the home,” impacts on the underpinning

theory-driven mechanisms, leading to variable outcome(s).

With its roots in social science, realistic evaluation (RE) draws on a generative model to
explain that an outcome is the result of the interaction between a mechanism and a
context. In particular, how a mechanism may lead to differences in outcome if it is
added to a different context. For example, the action of lighting gunpowder involves a
mechanism (flame) and an outcome (explosion). However, this depends on the context;
if the gunpowder is kept in wet conditions, it will not light; if the gunpowder is of poor
quality, a smaller explosion will occur. Therefore, if no two contexts are the same, there

is a possibility that no two outcomes will be the same. Thus,
Mechanism + Context = Qutcome

The four elements of Pawson and Tilley’s research cycle are Theory, Hypotheses,
Observation, and Programme Specification (fig 0-1). The framework begins the
evaluation by describing the context (C) in which the intervention is set. This is
followed by the initial exploration of the theory underpinning the mechanism(s) and the
possible outcomes (O). This is followed by the question, ‘what might work for whom in
what circumstances’ where the researcher hypothesises what mechanisms of the
intervention might work and whom the mechanism is targeted towards. These

hypotheses are set out in context-mechanism-outcome configurations (CMOC’s).

The next stage involves the ‘observation’ phase where multiple methods of gathering
data are chosen and fieldwork is carried out which then enables the researcher to subject
the package of CMOC’s to systematic testing', evaluate the findings, and answer the
final question, ‘what works for whom and in what circumstances and respects.’ The
final stage of the cycle involves relating the findings and building on existing theory.

This RE cycle forms the framework for this thesis.

! This term is used by Pawson and Tilley (2004) to describe the process of systematically observing the
CMOCs using multiple methods of gathering data.
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upon the intervention stratagem to enable the underpinning theories to work. For
example, how receiving feedback from computer-based technology might encourage

independent, self-evaluation and self-monitoring of recovery.

Context

The ‘context’ refers to the features of the conditions in which interventions are
embedded that are relevant to the intervention mechanisms. Essentially, they address the
‘for whom’ and ‘in what circumstances’ (Pawson and Tilley 2004). Pawson and Tilley

(1997) suggest that,

“The operating condition of mechanisms is always contingent on context;
subjects will only act upon the resources and choices offered by an intervention

if they are in conducive settings” (p. 216).

The ‘context’ in this study includes the personal and environmental context of the stroke
survivor and their carer, current service delivery, and the impact of rehabilitating in the

home.

Outcome Pattern

The outcome pattern is the result of the context enabling or constraining mechanisms in
a given context. They therefore, vary according to the variations in contexts. In other
words, outcome patterns are the intended or unintended consequences of mechanisms
working in contexts. Therefore, because contexts may vary, the outcome of mechanisms
working within them may also vary. For example, in this study, a possible outcome may
involve a participant adopting and developing a self-management approach to
rehabilitation as a result of receiving feedback from computer technology. However, if

the context is not conducive, a variation of this outcome may occur.

Context Mechanism Outcome Pattern Configurations (CMOCs)

The interaction between the context, mechanism and possible outcomes are central to
the evaluation. This enables the researcher to establish how an intervention embedded in
a variable context has enabled or constrained the underpinning theory-driven
mechanisms to work or not work — ‘what works for whom and in what circumstances

and respects?’ (Pawson and Tilley 2004).

The following section outlines the research question, the aim and objectives of this

study and a description of the structure of this thesis.
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IV.
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VIIL

VIIL

IX.

Research Question

How does the context of utilising computer feedback for upper limb stroke
rehabilitation in the home setting and the underpinning theory-driven mechanisms of the

intervention impact on theoretical outcomes?

Aim and Objectives:

To explore the utilisation of extrinsic feedback from computer-based technology to

facilitate post-stroke upper-limb rehabilitation in the home.

To establish the pre-existing context by exploring the nature of current

rehabilitative practice post-stroke.

To establish the underpinning theories of the intervention; ‘the provision of
extrinsic feedback from computer-based technology for upper-limb post-stroke

rehabilitation in the home.’

To establish working hypotheses as to ‘what might work for whom in what

circumstances’ and develop a CMOC variable book.

To validate the proposed CMOC’s by establishing what current practice and
provision of information and extrinsic feedback therapists employ to assist patients

to continue with their rehabilitation post hospital discharge.

To initiate the observation phase and subject the CMOC’s to a systematic test by
obtaining the views of stroke survivors and their carers of one form of computer-

based technology for upper limb rehabilitation in the home.

To continue the observation phase and investigate how a number of stroke
survivors respond to using this computer-based technology over an extended period

of time unsupervised in their home.

To establish how the underpinning theory-driven mechanisms and the contextual
factors help or hinder the underpinning mechanisms of the intervention and in what

respects.

To establish ‘what works for whom and in what circumstances and respects’

following the delivery of the intervention.

To provide recommendations for intervention specification.
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The Structure of this Thesis

This thesis follows the RE cycle illustrated in fig 0-1. The first section of this thesis sets
out the theoretical framework to firstly; describe the context of service delivery and how
this is changing; secondly, describe the mechanisms underpinning the use of the
SMART Rehabilitation Technology System; thirdly, detail the underpinning theories of
the intervention and set out the theoretical outcomes of utilising the feedback from the
SMART system; and finally, the hypotheses — ‘what might work for whom and why’ are

set out in context-mechanism-outcome configurations (CMOCs).

The second section provides an overview of the methods used in this research and a
validation of the embryonic hypotheses by exploring the professional perspectives of
the delivery of feedback in clinical practice. Initial testing of home-based upper-limb
post-stroke rehabilitation using the SMART Rehabilitation Technology System is then
described. A number of case studies detail the exploration of the use of one form of
computer technology to facilitate upper-limb post-stroke rehabilitation over an extended
period of time unsupervised in the user’s home. This involves the use of multiple
methods of data collection including, observations, interviews, and an extended activity

of daily living scale.

The third section begins with a synthesis of the findings to answer the question, ‘what
works for whom and in what circumstances and respects?’ An overall discussion of the
findings of this research is then provided as well as the limitations of the study and

recommendations for future research. Final conclusions are then presented.

The final section of this thesis contains the references and appendices.

21



n 2

2
%

% 2

D
%

HHG:;3

1'4 H3+

#

%

- B)+
D@E

A@

#9$
%
##Il

% #
% '3/ $
2 # , %
#9$ %
% 2 2 3
: % (
% ( "2

" %" " #

7 % "



“Rapidly developed signs of focal (or global) disturbance of cerebral function
lasting longer than 24 hours (unless interrupted by death) with no apparent

nonvascular cause” (Hatano 1976).

Strokes are caused by a disturbance of blood supply to the brain as a result of ischemia
or haemorrhage (Baer and Durward 2004). The damage that occurs from this disrupted
blood supply leads to a non-selective loss of cells and importantly, the unique size and
location of this cellular death determines the subsequent long-term functional deficits
that follow (Sims and Muyderman 2009).

Although the natural clinical course of stroke recovery still remains uncertain (Kreisel et
al, 2006); observed improvements involve the ability of the neuronal network to
plastically adapt to injury (Hallett 2001; Rossini et al, 2003). The mechanisms

underpinning plasticity and post-stroke recovery are discussed in chapter two.

1.3 Epidemiology: Strokes are an Increasing Problem

Strokes are a worldwide problem and as a result of rising risk factors such as, an aging
population, obesity and hypertension, the global incidence of stroke is set to escalate
from 15.3 million to 23 million by 2030 (Strong et al, 2007) making it the second
leading cause of death globally behind ischemic heart disease (WHO 2008). In Europe
the incidence is estimated to increase by 30% between 2000 and 2025 (Truelson et al,
2006).

The world population in 1990 aged 60 and over was 488 million; this is projected to
reach 1,363 million in 2030; a 180% increase (World Population Prospects 2004). Age
is one of the most substantiated risk factors for stroke (DoH 2001); therefore, as the
population ages, and the mortality rate of stroke decreases (Carroll 2001) more patients
are likely to need rehabilitation to improve function, participation and HRQoL which

will place an ever-increasing strain on healthcare.

Financially, stroke consumes 2-4% of total global healthcare costs. In the United States,
the total direct and indirect cost for 2008 was estimated at $65.5 billion. The direct costs
(direct care) account for 67% and the indirect costs (loss of productivity) 33%. In the
European Union (EU), the total annual cost is estimated at 27 billion Euros. 68.5% are
direct costs and 31.5% indirect. In the UK, strokes are the largest single cause of

disability (DoH 2007) with overall total societal costs of £8.9 billion a year. The direct
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costs account for £4.4 billion, which represents 5.5% of the total UK national health

expenditure (Saka et al, 2009).

However, of greater cost to the stroke survivor and those who care for them, the
resultant sequelae of stroke is a sudden and often traumatic life changing event where
the unique complex of physical, psychological and social problems can be devastating
(Burton 2000).

1.4 The Sequelae of Stroke: The Impact on Survivors and
Caregivers

The impact of stroke upon both survivors and caregivers have been described as a 7oss’
in terms of having reduced; functional ability, independence (O’Connell et al, 2001),
personal characteristics, personal identity (Ellis-Hill et al, 2000) and emotional and
social loss (Pound et al, 1998). Survivors also face the challenge of accepting that their
relationship with themselves and others may change. Socially, their roles and identity
may differ as a result of the perceived and/or actual loss of functional independence as

well as cognitive deficits (Trigg and Wood 1999).

It is estimated that following a stroke, 70-85% of first strokes are accompanied by
hemiplegia (Nakayama et al, 1994; Somerfield et al, 2004). Of these, 65% will
demonstrate some degree of lower extremity motor recovery and only 15% will gain
complete recovery both for the upper and lower extremities (Hendricks et al, 2002). In
addition, longitudinal studies suggest that only 50% of stroke survivors with upper limb
paresis are likely to regain some useful function (Broeks 1999) and only 12% of stroke

survivors regain full use of their arm and hand (Kwakkel et al, 2003).

Stroke survivors are invariably left with physical changes that can profoundly affect
their functional ability (Ones et al, 2005); independence (O’Connell et al, 2001) and
social participation (Cott et al, 2007; Desrosiers et al, 2006; Mayo et al, 2002; Rochette
et al, 2007). In addition, stroke may also impact on their psychological status. For
example, studies reveal strokes can result in having reduced personal characteristics and
personal identity (Clarke and Black 2005; Ellis-Hill et al, 2000). Furthermore, stroke
survivors can also experience emotional and social loss for both the stroke survivor and

those who care for them (Bakas 2009; Pound et al, 1998).

24



1.4.1 The Impact of Caring

Caring for a stroke survivor can lead to lifestyle changes for both the survivor and their
carer (Periard and Ames 1993) due to physical and emotional changes, a feeling of
inadequacy (Kerr and Smith 2001; Brereton and Nolan 2000; Field et al, 1983) and
financial constraints (Periard and Ames 1993). It is estimated that up to three quarters of
stroke survivors are discharged home under the care of family members (Dewey et al,
2002; Dorsey and Vaca 1998) and evidence suggests that caregivers are at risk of
depression, psychological impairments, and even mortality as a result of providing care
(Baert et al, 2008; Bakas 2009). In addition, carers often feel they do not have the skills
and knowledge to care for a stroke survivor at home. They also reported that they find it
wearying to motivate survivors to participate in activities rather than letting them ‘just
sit there all day’ (Smith et al, 2004).

A stroke has a profound yet unique effect on an individual and their family. Indeed, the
holistic context not only includes the stroke survivor’s personal and physical
environment but also others that maybe involved and may therefore have some
influence oh the .stroke survivor and/or the environment they live in. Therefore, the
recovery process following stroke necessitates a model of rehabilitation that considers
the individual stroke survivor’s personal and environmental contextual factors as well as

their needs.

1.5 Stroke Services: Current Service Delivery

Over recent years service provision has shifted from the context of hospital-based
rehabilitation to rehabilitation in the community. Therefore, in order to establish the
pre-existing context of post-stroke rehabilitation for this evaluation, the following

section will describe current service provision and how this is changing.

In the UK, the National Service Framework (NSF) for older people (DoH 2001)
highlighted the need to promote older people’s health and independence by reducing the
incidence of stroke and ensuring prompt access to integrated stroke care services. This
resulted in the National Clinical Guidelines for Stroke first published in 2000 which
aimed to provide explicit recommendations for practitioners, managers and service
users about the management of stroke and transient ischaemic attacks (Intercollegiate
Stroke Working Party 2000; 2004; 2008). However, a lack of service provision and
quality was highlighted in November 2005 by the National Audit Office (NAO) who
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published the hard-hitting report ‘Reducing brain damage: faster access to better stroke
care.” This criticised current service delivery and highlighted the need for the

management of stroke to become a government priority (NAO 2005).

The government responded to this through the consultation paper, ‘A New Ambition for
Stroke: A consultation on national strategy’ (DoH 2007) which identified
recommendations for the latest National Stroke Strategy (DoH 2007). In addition, the
National Sentinel Audit of Stroke involves a closer inspection of the quality of services
using the evidenced-based standards set out in the National Clinical Guidelines (Royal
College of Physicians 2010).

This highlights continued government ambition for better, more organised stroke care.
In addition, further consideration for the delivery of new service models to deliver
personalised rehabilitation programs that not only reflect the varying pathological
condition of the service user but also the context in which they live (DoH 2006; 2006a;
2006b).

1.5.1 Stroke Pathways: Taking Care into the Community

Stroke pathways aim to deliver the necessary and appropriate treatment and care
required to stroke survivors and their families in the most efficient, effective, equitable,

and humane manner possible from emergency care to community rehabilitation
(Langhorne and Rudd 2009).

The identified stroke pathway consists of emergency care followed by, intensive acute
hospital care preferably in a stroke unit and then community rehabilitation. However,
there has been a significant move over recent years to move rehabilitation into the
community through early supported discharge (ESD) and for on-going support (fig 1-2

overleaf).
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following stroke (Anderson et al, 2000; Grant et al, 2004; Carers UK 2004). However,
many of these studies have involved patients with on-going medical needs or those with

a progressive deterioration in health.

A randomised controlled trial by Teng et al, (2003) found that the caregivers of the
early supported discharge service group scored consistently lower on the Burden Index
(Zarit et al, 1980) compared to caregivers of those receiving conventional care which, it
has been suggested, may have been due to the effects of empowering the family and
patient to take charge of their rehabilitation (Teng et al, 2003). In addition, once the
stroke survivor has returned home, they and their family members are able to evaluate

the impact stroke has had (Pringle et al, 2008).

However, the stroke survivors were well supported by a multidisciplinary team of health
professionals. This may suggest providing the caregiver is able to call upon adequate
support, they may feel that meeting the needs of the person they care is less demanding.
Therefore, if stroke survivors are to be discharged early, it is essential that they do not
place more strain on carers by enabling rehabilitation to be carried out with perceived
adequate support. Furthermore, any redesign of service provision should also account

for the carers’ needs and perspectives.

1.6 Rehabilitation in the Home: A Change in Context

Home-based community rehabilitation following a stroke is now regarded as a viable
alternative to hospital-based rehabilitation (Geddes and Chamberlain 2001). Evidence
indicates that home-based rehabilitation is effective as it allows patients to practice
skills in a familiar environment and encourages independence by allowing ownership of
their rehabilitation, as well as being cost-effective (Anderson et al, 2000; Disler and
Wade 2003).

The SMART Rehabilitation Technology System used in this research was specifically
designed to be used in the context of the home-setting. Therefore, the next section will
discuss the context of home-based rehabilitation; how this impacts on rehabilitation; and

the limitations of this model of delivery.

1.6.1 The Context of Home-Based Rehabilitation

Von Koch et al, (1998) observed differences in the behaviour of the patient and

therapist and their roles when comparing home versus hospital rehabilitation. In their
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qualitative case study, they explored the differences in therapy sessions in the home
environment versus the hospital. Their analysis describes how there were distinct
differences in the roles of the patient/therapist in that the hospital provided more of a
disempowering environment for the recipient with less involvement in the planning and

goal-setting process. One participant described how;

“The hospital is like a sheltered workshop” (Von Koch et al, 1998 p370).

Conversely, in the home environment, they observed how patients took the initiative

and expressed particular needs and goals in their treatment.

These findings are supported by Wohlin Wottrich et al, (2004) and Ada et al, (2006)
who found that the physical environment of a hospital made it difficult for patients to
regain function and reconvene societal roles and the therapy area did not to provide a

physical challenge and failed to facilitate unsupervised practice of rehabilitation
exercises (Ada et al, 2006).

However, Wade (2000) suggests that in the hospital environment patients may expect to
be cared for. Additionally, the anxiety and emotional reactions following stroke may
also influence the rehabilitative process whereby patients may become more reliant on
others to make decisions, particularly if therapists are perceived as being ‘experts’ to the

recovery process (Fure et al, 2006).

1.6.2 Perspectives of Home-Based Rehabilitation

Wohlin Wottrich er al, (2007) explored the perspectives of home-based post-stroke
rehabilitation by a multidisciplinary team consisting of five Physical Therapists, five
Occupational Therapists, two Speech and Language Therapists, and one Social Worker.

The team described how:

e Supporting continuity from the hospital to home reduced feelings of anxiety and
insecurity for both the patient and therapist.

o Therapists were able to see how patients would function in their home environment.

e Therapists were able to promote functional activities more naturally by using known
utensils, climbing well known stairs, and walking familiar routes.

e Therapists were able to take a more passive role and allow the patient to problem-

solve.
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Similar findings have been reported in other studies that have examined the content and
context of multidisciplinary home-based rehabilitation (Lincoln er al, 2004; Hale and
Piggot 2005; Ljungberg ef al, 2001). An evaluation by Hale and Piggot (2005)
described how therapists aimed to gain optimal independent function by building
patients’ confidence, self-responsibility, and problem-solving skills while ensuring

safety.

These findings are supported by the randomised controlled trial by Lincoln et al, (2004),
where they found; the patients in the specialist community stroke team group were
significantly more satisfied with the emotional support they had received; carers were
under significantly less strain, were more satisfied with their knowledge of stroke and
were more satisfied overall when compared to the control group who received
conventional community rehabilitation. However, this model of service delivery is
resource intensive and may be unsustainable as the demand for post-stroke

rehabilitation increases (Truelson et al, 2006).

Robinson-Smith et al, (2000) examined self-care and self-efficacy at one month and six
months post-stroke. They discovered a direct correlation between self-care, self-

efficacy, quality of life and depression.

This suggests that by aiming to improve a patient’s self-confidence, expectations of
self-care and through this, self-efficacy behaviours; better quality of life and improved
mental health may result. Cott et al, (2007) suggest that more efforts need to be taken to
move away from acute care models of delivery that focus on curative aspects of
rehabilitation to longer term care models that make best use of service users’ autonomy

and decision making throughout the rehabilitation process.

So far this chapter has described the importance of the context of service delivery and
how this impacts on rehabilitation following stroke. However, this has highlighted a

number of limitations.

1.6.3 Home-Based Service Limitations
1.6.3.1 The Demand for Services Outweighs Supply

Current service models involve community rehabilitation that lasts on average 12 weeks
following discharge from hospital (NAO 2010); in that time therapists and

commissioners strive for the best outcomes possible for service users. However,
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resources and cost-containment continue to limit the amount of face-to-face contact
with therapists and there is a need to improve the clinical and cost effectiveness of
therapy in the management of older people following a stroke (Forster and Young 2002;
Teng et al, 2003).

In 2009 The Stroke Association in collaboration with the Chartered Society of
Physiotherapy surveyed 663 stroke survivors in England (< two years post-stroke) about
their experiences of community-based Physiotherapy. They also surveyed 497
Physiotherapists (to gain their opinion of the patient experience from their professional
perspective) (The Stroke Association 2010). The survey found that:
e 21% of stroke survivors who felt they needed Physiotherapy did not receive any.
o 25% of stroke survivors had to wait longer than one month for their first session.
e 83% of Physiotherapists believe that the process of transfer of care into the
community could be improved.
e Over half (52%) of Physiotherapy staff indicated that treatment outcomes could
be improved if there was greater personalisation of services. In addition, 74% of
Physiotherapists indicated that personalisation of services could not be achieved

within current resources.

The subsequent report, ‘Moving on’ has suggested four key areas for improvement: 1)
community therapy should be available for all stroke survivors that need it; 2) there
must be an end to fragmented transitions into community care; 3) stroke survivors
should receive services that are tailored to their needs; and 4) the vital role of carers
should be recognised and valued throughout the rehabilitation journey (The Stroke
Association 2010).

Therefore, more efforts need to be taken to improve the transition into the community
following discharge (Cott et al, 2007). In particular, there is a need to move away from
acute care models of delivery that focus on curative aspects of rehabilitation to longer
term care models that make best use of service users’ autonomy and decision making
throughout the rehabilitation process. Furthermore, if service demands are not being
met, there is a need for newer forms of service delivery that has the potential to provide

long-term independent rehabilitation that can be individualised to the user.
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1.6.3.2 Stroke Survivors May Not Make Best Use of Non-Therapy Time

Current service models involve community rehabilitation that lasts on average 12 weeks
following discharge from hospital (NAO 2010). UK community services are 12 weeks
and there is significant variation of face-to-face contact hours (NAO 2010). A study
evaluating an Early Supported Discharge, found that on average a 14 week programme
consisted of 12 home visits (mean), a median time consumption of 23 hours 20 minutes
of which only 54 per cent was actual face-to-face contact with the therapist (Von Koch
et al, 2000). These findings suggest that although more intense interventions improve
functional outcomes (Kwakkel ef al, 2004; Kwakkel 2006), very little time is spent
undertaking therapeutic activities for both in-patients and those in community.
Significantly, stroke survivors may not therefore make best use of their non-therapy
time. Therefore the introduction of technology that can be used in the absence of a
therapist may increase the amount of time spent rehabilitating without increasing the

demand on services.

1.6.3.3 The Current Provision of Instructions and Feedback May Not be
Conducive to Autonomous Home-Based Rehabilitation

In order to facilitate home-based rehabilitation when not in face-to-face contact with the
therapist; patients may be provided with exercise sheets to help them and/or their carer
remember what exercises to do, how to perform them and how often to do them; which
may, in some cases, limit home exercise interventions (Smith et al, 2005). For example,
a third of stroke survivors experience aphasia (Pederson et al, 1995). Therefore, the

understanding of written exercise sheets may be limited.

A Cochrane review has shown that the passive provision of information (such as
leaflets) is not associated with improved outcomes, whereas an educational approach
(such as tutoring) might be effective (Forster et al, 2001). However, a later Cochrane
review by the same authors suggests that providing information may still; increase the
knowledge the patient and carers has about stroke; increase patient satisfaction and
reduce depression scores (Smith et al, 2008). Therefore, if current resources available to
facilitate autonomous activity practice (when not in face-to-face contact) may not be
conducive to autonomous home-based rehabilitation because of physical and/or
cognitive limitations, such as, not being able to read or understand the exercise sheet
provided by their therapist (Hoffman and McKenna 2006), other forms of delivering

instruction/feedback are required. In addition, although the provision of feedback is a
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key aspect of rehabilitation and motor learning (Subramanian et al, 2010; Parker et al,
2011); currently, stroke survivors may not receive any feedback during non-contact time

and may indeed rely on other family members to comment on their performance.

1.7 A Shift in Service Delivery is Required

Health services in the next decade are faced with: reduced finances; ever higher patient
expectations; an ageing population; advances in technology and the growing
information technology age; the reduction in mortality and a subsequent rise in
morbidity due to advances in treatments, and a changing workforce. Therefore, the
predicted need to release £15 — £20 billion through efficiency savings from 2011 to
2014 whilst keeping quality as the organising principle presents a challenge to service
providers (NAO 2010; DoH 2010).

Community stroke rehabilitation is fast becoming the preferred choice of rehabilitation
settings (Langhorne and Rudd 2009) and the mean length of hospital stay has fallen by
10.6 days (Royal College of Physicians 2010). However, although the number of early
supported discharge services has risen; in contrast, there have been significant
improvements in acute care but the provision of high quality; integrated services for
stroke survivors after they leave acute care have not progressed at the same rate. It has
long been recognised that effective management of long term conditions moves beyond

the acute onset of disability. As the NAO (2010) succinctly state,

“Stroke patients may spend several days or weeks in hospital, but it is in the
months and years after discharge that they, their families and carers’ experience
the full impact of stroke” (NAO 2010 p.31).

In addition, The WHO (2002) pointed out that whilst there is a clear need to continue
improving acute care, this will ultimately lead to a rise in costs without necessarily

benefitting the long term health.

“As long as the acute care model dominates healthcare systems, healthcare
expenditures will continue to escalate, but improvements in populations’ health

status will not” (WHO 2002 p6).

Therefore there is continued focus on delivering stroke services that: are cost-efficient;
provide the best quality of care; involves patient choice; allows for care to continue

beyond the acute period; maximises recovery; and is delivered closer to home (DoH
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2007; 2008; 2010). However, service needs cannot be met, therefore, there needs to be
further consideration for the delivery of new, innovative service models to increase the
amount of time patients spend in therapy within the context of home-based
rehabilitation (DoH 2010).

1.8 Summary

This chapter has described the global context of stroke and highlighted how strokes are
an increasing worldwide problem and there are more stroke survivors living with the
sequelae of stroke, placing an increasing financially unsustainable demand on stroke
services (NAO 2010).

Following a stroke the stroke survivor and their close family’s personal, environmental
and social context may change. Stroke survivors are invariably left with physical and
psychological changes that can profoundly affect their physical and functional ability
(Pound et al, 1998; Ones et al, 2005) personal identity (Clarke & Black 2005), their
relationship with others (Dowswell et al, 2000), and their participation in society (Cott
et al, 2007; Desrosiers et al, 2006; Mayo et al, 2002; Rochette et al, 2007). As a result
of upper-limb impairment, patients describe problems with personal activities of daily
living (PADL’s), such as, washing, dressing and feeding, and more extended activities
of daily living (ADL’s), such as, making meals and household chores (Pound et al,
1998). As a result, 50% of stroke survivors need a full time carer at home (Mayo et al,
2002).

Over recent years there has been a contextual shift in service delivery from hospital-
based rehabilitation to the community where stroke survivors are given labour intensive,
therapist led rehabilitation. However, service needs cannot be met, therefore, there
needs to be further consideration for the delivery of new, innovative service models to

increase the amount of time patients spend in therapy within the context of home-based

rehabilitation (DoH 2010).

The following chapter continues the evaluation by describing the mechanisms
underpinning the intervention. The use of technology for post-stroke rehabilitation; the
SMART Rehabilitation Technology System used in this research; and the theory-driven

mechanisms underpinning the intervention and the theoretical outcomes.
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2. Chapter 2: Mechanisms, Theoretical Qutcomes and
CMOC Generation

2.1 Introduction

The previous chapter described the pre-existing context of post-stroke rehabilitation (the
‘C’ within the CMO configurations). This described the context for this study. Chapter
one highlighted how although rehabilitation is essential for stroke recovery, there is a
lack of resources to provide this and therefore, new innovative models of delivery and

paradigms need to be explored such as the use of technology.

The next stage of the evaluation involves unpicking the key components of the
intervention that bring about change (the mechanisms; the ‘M’ within the CMO
configurations) using the principles of realist synthesis. This involves identifying

concepts and intervention theories (Rycroft-Malone et al, 2010).

The mechanisms to consider include; firstly, the use of technology for upper-limb
rehabilitation; secondly, the SMART system itself, how this was developed and finally,
the theoretical components underpinning the SMART system. This is followed by
setting out the proposed theoretical outcomes of the utilisation of feedback that is

delivered through computer technology for upper-limb post-stroke rehabilitation.

This chapter will therefore describe the drive towards the use of technology; current
technology systems being developed; the work carried out by the SMART consortium
and how the study which is the topic of this thesis builds on the research carried out by
Mountain et al, (2006; 2010). Theoretical outcomes are then described and set out in
CMOC form.

2.2 Using Technology for Post-Stroke Rehabilitation

The shift in service delivery described previously, highlighted how service provision
involves rehabilitation that is led by the therapist and therefore continues to be labour
intensive and costly, against the backdrop of an ever demanding and increasing need for
stroke services (NAO 2010).

The DoH announced a call for Healthcare Technology Co-operatives (HTC) in 2006,
where a collaboration of clinicians, patients, academia and industry acts as a focus for a

‘technology pull’ into the NHS. The aim of the HTC is to harness the potential impact
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that technology (both simple and complex) might play in reducing morbidity and
improving the quality of life for large numbers of patients such as those who have had a
stroke (The Royal Society 2006). The ‘Innovation Nation’ White paper (Department for
Innovation, Universities and Skills 2008) set out a continued drive towards improving
the nation’s technological capabilities. This includes the cooperation of independent
organisations such as, the National Endowment for Science, Technology and the Arts
(NESTA) who provide investment in early-stage companies, inform and shape policy,
and deliver practical interventions to enhance the integration and development of

technology (NESTA 2009).

More recently, in a report published by the Department of Health entitled, ‘Innovation,
Health and Wealth: accelerating adoption and diffusion in the NHS’ (DoH 2011) sets
~ out an integrated set of measures and a delivery agenda that will support the adoption
and diffusion of innovation across the NHS by developing partnerships between
academia and industry through the establishment of Academic Health Science Networks
(AHSNS).

Therefore, the establishment of the Invention for Innovation (2006), the Quality,
Innovation, Productivity and Prevention (QIPP) programme (2009) and the AHSNs
(2012/13), provide a continued focus on delivering stroke services that: are innovative;
cost-efficient; provide the best quality of care; involve patient choice; allow for care to

continue beyond the acute period; maximise recovery; and is delivered closer to home
(DoH 2007; 2008; 2010; 2011).

Advances in information technology (IT) have allowed for the development of tools to
complement direct efforts by therapists and may in the future even act as surrogates
(Liebermann et al, 2006). Significantly, these developments may play a vital role in
improving the NHS, health economy and patients’ care (DoH 2008). Therefore,
advances in technology, the growing information technology age; the reduction in
mortality and subsequent rise in morbidity due to advances in acute medical care; the
use of technology is regarded as a viable (although under investigated) concept in post-
stroke rehabilitation (DoH 2010).

A number of potential advantages for using technology in post-stroke rehabilitation

have been proposed, such as:
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An economic case: Technology may have the capacity to reduce the amount of
labour intensive face-to-face contact between the therapist and patient whilst
maintaining therapeutic input.

Maintaining intensive therapy: Technology systems may enable patients to
carry out repetitive exercise and movement patterns necessary for
neuroplasticity whilst reducing therapist fatigue.

Safety: Some forms of technology such as virtual reality, may allow patients to
carry out activities that if carried out unsupervised, could be considered
otherwise dangerous. For example, crossing roads or climbing stairs.
Facilitating motor learning: Some systems may facilitate a learning
environment by allowing the user to engage in rehabilitative exercise that
involves repetition and progression in the absence of a therapist.

Objective measures: The use of technology may allow users and therapists to
quantify measures of improvement. For example, a system may take range of
movement and speed of movement measures or display the trajectory of
movement.

Fun and engaging: From the user’s perspective, using technology to rehabilitate
may make intense repetitive exercise more fun and engaging as well as allowing
for personalisation. For example, an avatar may be made to look like the user
similar to the Wii Me (www.nintendo.com).

Facilitating autonomy and self-management principles: Enabling the user to
engage in independent rehabilitation (in the absence of a therapist) may allow
for problem-solving, decision-making, resource utilisation and taking action

throughout the rehabilitation process.

(Jones 2006; Siekierka et al, 2007; Stein et al, 2009).

Whilst there are a number of possible advantages for using technology, many

technological systems are still under development and/or testing therefore, the full

extent of possible advantages and limitations are yet to be explored.

2.2.1 Technology Systems for Upper-Limb Post-Stroke Rehabilitation

Over the last decade, a number of technological systems have been developed which

may have the potential to provide consistent, detailed and individualised feedback

(Intercollegiate Stroke Working Party 2008), such as, Robot-Assisted Movement
Therapy (Kwakkel et al, 2008), Virtual Reality Technology (Henderson et al, 2007) and
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Inertial Tracking Devices (Mountain et al, 2006; 2010; Parker et al, 2010). Crucially,
systematic reviews by Subramanian et al, (2010) and Parker et al, (2011) suggest that
stroke survivors can utilise feedback from various sources such as, videotape (Gilmore
and Spaulding 2007), virtual environments (Piron et al, 2007), robotics (Coote et al,
2008), and computer technology (Mountain et al, 2010; Parker et al, 2010).

In addition, there is growing evidence from controlled trials of efficacy in post-stroke
upper-limb rehabilitation (Kwakkel et al, 2008; Stein et al, 2009; Timmermans et al,

2009). The following section will describe these systems and their limitations.

Robot systems have the potential to offer therapy that augments a therapist by enabling
the user to carry out repetitive manually intensive therapy. In addition, these systems are
able to provide precise repeatable force feedback in a virtual environment and may even
be able to deliver complex therapies that are difficult for therapists to sustain over

longer periods (Loureiro et al, 2010).

Virtual reality in rehabilitation involves the use of computer-generated, interactive,
multisensory real-time simulation of a real world activity in an immersive or non-

immersive environment (Adamovich et al, 2009).

To date trials using robot therapy and virtual reality have involved testing in a clinical
or laboratory setting only. This highlights potential limitations for the use of technology
for upper-limb stroke rehabilitation, for example, systems are currently cumbersome,
expensive and require the therapist to be present at the time of use, which may limit
their future use in home-based rehabilitation (Liebermann et al, 2006; Crosbie et al,
2007; Henderson et al, 2007). To add, if current systems comprise of large frames that
involve intricate technology requiring specialist operators, consequently stroke
survivors may have limited access for use. However, it has been suggested that these
systems may be used in a suite in a hospital or community setting where one therapist
may be able to operate a number of systems at once (Loureiro 2010 pers comm.).
Nevertheless, because this proposal has yet to be explored, a number of usability and

clinical utility questions remain unanswered.

Therefore, if stroke survivors are to carry out intense rehabilitation using technology, it
is essential that technology is freely available for them to use and that contextual factors
have been explored. Furthermore, if users are to accept the use of technology and

engage with the feedback it provides, a user-centred design approach is essential (Nasr
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et al, 2010). By taking a bottom-up approach, this allows the development and

subsequent use of technology systems to meet the needs of the end-users.

2.2.2 User Opinions of the Use of Comparable Technology to the SMART
Rehabilitation Technology System

Central to this research is gaining user opinions (usability issues) for the use of
technology within the context of use. The author of this thesis systematically identified
and evaluated comparable technology systems to The SMART System used in this
research (see appendix 1 for a summary of the papers p.306). Part of this evaluation
included exploring the opinions of participants using the comparable technology. The

following section will describe these.

Only two of the five technology systems identified in the review included the opinions
of stroke survivors during the trial. The study by Broeren et al, (2008) involved carrying
out semi-structured interviews to gain the participants’ opinions of their perception of
the system being trialled. The interviews asked the participants if they thought the
games were fun and challenging; which games they preferred to play, and how and if
they would like to use the virtual reality systemvin the future if it was available in

regular clinical care.

The findings of the interviews found that all of the participants were positive for the use
of the system although they felt hesitant to use the system initially. However, they
suggested that by the end of the study they would like to continue playing the games.
The participants described the games involving more cognitive processing difficult such
as playing Simple Simon memory games. Seven of the participants (out of eleven)
agreed on having the system to complement their current rehabilitation program and

four suggested they would have the system in their home.

Although these interviews go in some way to evaluate user opinions, there are many
usability issues omitted. For example, the authors do not describe the physical
practicalities of using the equipment such as, the users’ ability to physically manipulate
the joystick and the time spent on task. In addition, they do not describe whether or not
the users were able use the feedback provided to gain some understanding of their

performance.

Rand et al, (2009) also carried out interviews following the use of the of the VMall

virtual reality system. This consisted of 20 open-ended questions to establish user
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opinions of their enjoyment, meaning, motor difficulty, and general use of the
equipment. Their interview responses revealed that all of the users believed the VMall
had helped them improve their affected upper-limb and that they subsequently used it
more for everyday activities than before the intervention. A 53 year old male participant

suggested,

“In traditional therapy, one is dependent on a therapist, here [in the VMall],
you work on your own... you do the movements independently” (pp118-119).

The same participant also remarked that following the VMall training he could help his

son tie shoe laces and use his zipper.
Another 73 year old male participant remarked,

“It all seemed more challenging than to sit in therapy or to exercise alone... the
virtual environments took my mind off the effort and work. The VMall made me

use my hand and I did things I wanted to do and in reality I cannot do. It did the
job... it is better than other therapeutic aids that I know” (p119).

Other studies identified in the review reported user opinions in previous papers. The
study by Edmans et al, (2009) carried out initial feasibility testing with both therapists
and patients and found that only one patient (out of 10 participants) had difficulties
interacting with the touch screen computer and often became frustrated with the
technology. Others suggested that they enjoyed using it and that the task was easier than
in the real-world (Edmans 2004). During the initial development of the equipment, six
out of ten Occupational Therapists had expressed a positive interest in using virtual
reality as part of their treatment with four others expressing the need for clear usability

evaluation and evidence for its effectiveness (Hilton et al, 2000; 2002).

A RCT carried out by Yavuzer et al, (2008) built upon initial testing by Rand et al,
(2004; 2008) where they investigated the potential of using a low-cost video-capture
virtual reality (VR) platform, the Sony PlayStation II Eye Toy with young healthy
adults, older adults, and stroke survivors. Twelve chronic (> 12 months post-stroke) and
five sub-acute (1-3 months post-stroke) completed a single forty minute session where
they played ‘Kung Foo’ and ‘Wishy Washy’ games. The findings from the results of the
Presence Questionnaire, the Berg Scale of Perceived Exertion and the Short Feedback

Questionnaire revealed that all of the stroke participants enjoyed playing the games (4.4
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— 5 out of 5) however, most found the games too hard to play because it involved quick
thinking and physical reaction times. This was particularly evident with the Kung Foo
game where they had to fight an enemy; in these games the duration of the task was
limited to 12 — 48 seconds. This was also highlighted by their perceived physical

exertion scores ranging from 13.7 — 14.1 out of 20.

Although the reported findings of user opinions identified are limited, they may suggest
that the participants in these studies perceive upper-limb post-stroke rehabilitation that

uses technology to be fun, challenging, and beneficial.

However, users have also reported difficulties relating to the screen display and describe
feeling anxious. This concurs with other studies evaluating user opinions for the use of
robot technology and sensor technology for upper-limb rehabilitation (Coote and Stokes
2003; Kemna et al, 2009; Reinkensmeyer and Housman 2007; Giorgino et al, 2009).
Although, it must be noted, studies that involve robots or differing system architecture

may have unique benefits and challenges for their use.

2.2.3 The Evidence in Support of the Use of Feedback from Computer
Technology in Post-Stroke Upper-Limb Rehabilitation

This research focuses on the use of feedback from computer technology in post-stroke
upper-limb rehabilitation in the home. More specifically, this research involves extrinsic
feedback from a computer system for upper-limb post-stroke rehabilitation that does not
provide thsical assistance or tactile stimulation and is provided in the absence of a
therapist. Therefore, the author of this thesis systematically identified and reviewed the
literature to determine the current evidence underpinning the use of feedback from
computer technology for upper-limb stroke rehabilitation (see appendix 2 for a

summary of the papers p.307).

The review found that although the evidence is scarce, existing findings suggest that
extrinsic feedback may improve motor and functional performance. In addition,
concurrent feedback, knowledge of performance (KP), knowledge of results (KR) and

explicit feedback may be key components in the promotion of improved performance
(Parker et al, 2011).

However, it should be noted that only one of the studies identified in the review

obtained a Critical Appraisal Skills Programme (CASP) for Randomised Controlled
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Trials score above five highlighting the need for more robust investigations
(www.phru.nhs.uk 2009).

Although the identified studies used visual and/or auditory means to provide feedback,
different categories of feedback were employed. This demonstrates that trials that use a
similar method of delivery i.e. visual/auditory may not use the same form of feedback
i.e. knowledge of performance/knowledge of results. All of the trials used either KP
and/or KR to provide feedback. Although it has been suggested that KP is more
effective than KR when performing a reaching task (Cirstea et al, 2006; Cirstea and
Levin 2007), there are a number of additional elements of feedback unaccounted for.
For example, how the feedback is presented and what forms of feedback works, for

whom and in what circumstances.

Furthermore, the users in the studies identified in both of the reviews were supported by
the therapist during use and the system was not used in the context of the home.
Therefore, there are unanswered questions as to what elements of feedback impact on
the mechanisms underpinning the intervention, how contextual differences influence
these mechanisms and subsequently, how this impacts on the outcomes of the

intervention.

To summarise the findings of user opinions (2.2.1) and the evidence in support of the
use of feedback from computer technology in post-stroke upper-limb rehabilitation
(2.2.3):

e Mirror therapy (visual feedback) in addition to conventional therapy may
improve the motor and functional recovery of the hand and upper extremity for

sub-acute stroke survivors.

e Visual concurrent KP and subsequent KR feedback may improve functional

independence for acute stroke survivors.

e The provision of videotape feedback may lead to a greater satisfaction of

performance with acute stroke survivors.
e Concurrent auditory KP feedback may improve motor performance.

e User opinions indicate that receiving feedback from computer technology can be

fun, challenging and motivating.
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e User opinions suggest that using computer technology for upper-limb post-
stroke rehabilitation can improve the (perceived) performance of the affected

upper-limb leading to an increased ability to carry out ADL’s.

e User opinions suggest that some computer activities can be too difficult to

complete as they may be too fast or physically demanding.

The following section describes the SMART Rehabilitation Technology System used in

this research.

2.3 The SMART 1 Project

The EPSRC funded SMART Consortium (www.thesmartconsortium.org) began in 2003
and involved partners from Sheffield Hallam University, University of Bath, University
of Essex, University of Ulster, the Stroke Association and Philips Research Scientists.
The consortium aimed to develop and test a prototype telerehabilitation device (The
SMART Rehabilitation Technology System) for therapeutically prescribed stroke
rehabilitation for the upper limb that would enable the user to adopt theories and

principles underpinning independent self-managed rehabilitation.

This proof of concept project involved engineers, HCI specialists, clinical researchers,
and therapists working closely to establish the system architecture, the decision support
interface, and the therapeutic content (Mountain et al, 2010). The following section will

describe these features of the system.

2.3.1 System Architecture

The first prototype consisted of two MTX (Xsens Dynamics Technologies, The
Netherlands) inertial sensors (comprising accelerometers, magnetometer and gyroscope
technology) worn on the upper arm and forearm to record kinematic data from the users
undertaking a functional activity (Zheng er al, 2006) (fig 2-1). User involvement
allowed designers to develop garments for the attachment of the sensors to be donned
and doffed by the stroke survivor using the affected upper-limb. Additional user
requirements were also recognised during this process including the durability of the
materials and maintenance (cleaning) (Mountain et al, 2006). The garments to house the
sensors during use were a neoprene sleeve which had a thumb loop to enable the user to

pull the garment into position using the unaffected arm. The neoprene wrist band had an
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interface. In addition, a series of workshops with stroke survivors and carers was also

carried out to test the usability of the equipment with end-users.

Participants liked the proposition of receiving quantifiable, objective data about their
performance from a system, rather than praise from a physiotherapist (Wilson et al,
2007). The usability tests highlighted difficulties using a mouse and keyboard as well as

navigation around the screen operations (Wilson et al, 2007).

The home testing involved four stroke survivors (aged: 37-73). The home testing

revealed a number of issues including:

e Accommodating the equipment in the home; having room in their house for the
equipment and where to leave it when not in use.

e Attaching the sensors; only one user was able to don the garments
independently.

e Using the computer / keyboard / touch screen / diary; anxiety to use the
equipment and explore the system’s various components.

e Understanding and using the screen display; difficulties understanding what the
screen displays meant, such as, which buttons to press.

e Interpreting screen presentations; different strategies to observe their
movements.

e Need for teaching and education; a need for therapists to provide adequate
training and support.

2.3.5 Prototype Two

From 2006 this research was carried out in conjunction with Philips R&D in the
Netherlands and Germany which led to significant improvements to some aspects of the
technological capabilities of the prototype. In addition, the involvement of stroke
survivors, family carers and therapists allowed for design specifications throughout all
stages of development. A second prototype was developed which includéd matchbox-
sized wireless sensors. Although these removed the need for a wired system, a charger
was required to maintain the power (Willmann et al, 2007). Further consultation with 28
therapists resulted in a library of seven exercises to be included as well as interface
alterations. In addition, a third sensor was introduced to detect trunk movements during
use and a laptop computer was used. This was housed in a vest garment to place the

sensor at the front of the chest (figs 2-6 and 2-7).
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second prototype had occurred, the second prototype introduced new challenges. These
included remembering to charge the sensors after use, placing the sensors in the correct
position, and using a mouse pad. In addition, three of the four users were unfamiliar
with the equipment which may have affected their confidence to use the technology as
well as reduce their tolerance to accommodate it in their home (Mountain et al, 2010).
However, encouragingly, one of the users was able to compare his movement with the

real-time display.

It was reported that inaccurate sensor positioning led to the screen presentation being
difficult to comprehend which may have discouraged the user(s) from continuing with
their program. In addition, the testing revealed how users considered using the
technology for rehabilitation. However, one user suggested that he would not like to use

the equipment instead of receiving treatment from a Physiotherapist.

The second round of testing enabled Philips to continue developing the graphical
interface and content of the SMART Rehabilitation Technology System. The following

section will describe the version used in this research.

2.4 The SMART Rehabilitation Technology System Prototype used
in this Research

Key changes from the first to the second round of testing involved the graphical

interface (figures 2-8 — 2-12 pp. 49-51) and the library of exercises available.

Initially, each user is added to the system by the therapist. This involves creating a new
user account whereby the therapist adds the details of the user; whether the user is left
or right side affected; and an account name for the user to recognise. The therapist also
prescribes a number of exercises for the user and sets parameters for each of the
prescribed exercises. For example, for a forward reach exercise the therapist sets how
many degrees of flexion they want the user to carry out. Importantly, these parameters
alter the feedback provided by the qualitative chart (fig 2-11 p.51). The bottom of the
red zone indicates the lowest parameter and the top of the green zone represents the
highest parameter. If the user does not achieve the desired amount of movement (i.e. 60
degrees), they will see their black dots in the red zone; if they achieve above the desired
amount, the black dots will enter the green zone. Therefore, the amount of movement

entered by the therapist has to accurately reflect the ability of the user or the feedback
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qualitative chart is displayed (fig 2-11). This provides visual, qualitative, knowledge of
results feedback where the user is able to see each repetition (one black dot) within the
parameters set out by the therapist. This allows the user to see the results of their
performance and receive written feedback. A chart then provides a summary of their
results over a week (fig 2-12) where they can compare the results of an earlier

performance.

2.5 How this PhD Programme Builds on the SMART 1 Project

The SMART 1 project established that although the use of computer technology for
upper-limb rehabilitation in the home was a feasible concept, there were many

unanswered questions yet to be explored.

Although future technology systems may have the potential to increase the provision of
rehabilitation a stroke survivor receives and carries out, as well as providing a learning
platform that facilitates long term self-managed rehabilitation, a key aspect of

rehabilitation is the provision of appropriate information and feedback to the learner.

Conventional post-stroke rehabilitation involves hands-on interventions provided by a
stroke specialist therapist, and incorporates the provision of extrinsic feedback delivered
in person (Ballinger ef al, 1999; DelJong et al, 2004; Hartvelt and Hegarty 1996; Wohlin
Wottrich et al, 2004). Therapists have empirically relied on their knowledge and
expertise to decide which method and form of delivery to provide and when to provide
it, on an individual basis with their patient (Hartvelt and Hegarty 1996). However,
technological systems are unable to think; they have no emotional connection with the
patient; and they are unable to intuitively adapt and change their delivery of
rehabilitation and the feedback provided to meet the needs and requirements of each
individual patient. Subsequently the user is required to make use of the computer
feedback to improve their motor behaviour in the absence of a therapist. This is in
contrast to therapist led conventional post-stroke rehabilitation that stroke survivors
would receive following discharge from hospital and is indicative of a future anticipated

shift to patient led rehabilitation using computer technology.

The research carried out using the SMART system suggests that contextual factors such
as personal and environmental influences may impact on utilising this form of
technology (Mountain et al, 2010; Parker et al, 2010). However, there are unanswered

questions regarding the reliance that a stroke survivor can have upon a therapist for
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both, motor learning skills (Magill 2007) and the self-management of the resultant long-
term disability (Jones 2006). Therefore, this research explores the impact personal and

environmental contextual factors may have on the underpinning intended mechanisms.

2.6 Theoretical Framework: Evidence Review to Propositions

The process of theory formulation begins with a synthesis of policy and research
literature (Pawson and Tilley 2004). Chapter one described the pre-existing context in
which stroke rehabilitation is delivered as well as the impact stroke has on the survivor
and their carers. The following section will identify the theory-driven mechanisms
underpinning the intervention. These are then scrutinised to elicit the key ingredients
that may or may not be activated in a given context. This is followed by exploring the
theoretical outcomes and the formulation of theoretical propositions presented in
CMOC form.

The theoretical areas underpinning the intervention are:

Theory Topic 1: The theoretical approach to post-stroke rehabilitation incorporated
within the SMART system.

Theory Topic 2: The theories underpinning the use of feedback in post-stroke

rehabilitation.

Theoretical Outcomes: Self-management and behaviour change.

2.7 Rehabilitation and Recovery

Rehabilitation following stroke is based upon the ability of the neuronal network to
plastically adapt and reorganise (Kreisel et al, 2007; Kalra and Ratan 2007). Therefore,
the following section will describe the neurophysiological and the recovery process

associated with neuroplasticity.

The term ‘plasticity’ refers to the brain’s ability to reorganise its structure and function
during maturation, learning, environmental challenges and importantly, pathological
insult (Lledo et al, 2006). Investigations have demonstrated an eclectic mix of
reorganisation patterns, suggesting that the process of reorganisation is both dynamic
and dependant on the nature of the injury. However, it has been suggested that with a
central injury, the neurons that have not lost their function may take on the role of
neurons that have lost their function providing their peripheral targets still exist (Lawes

2004). In other words, adjacent areas or contra-lesional areas can take over motor
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