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Summary

Adults with traumatic brain injury (TBI) can experience many symptoms including functional
impairments, decreased memory, and low motivation. Recovery following TBI is possible due to
the physiological mechanism of neuroplasticity — in which the brain is able to form new neuronal
connections in response to rehabilitative training. Rehabilitation following TBI is supported through
multi-disciplinary rehabilitation, in which client-centred goals are set and then pursued. However,
rehabilitation care is time limited. Novel care approaches which leverage service provision and are

motivational for clients, are needed.

Conversational Agents (CAs) provide a personal, human-computer conversation interface and can
be designed to engage the user in a focused task with motivational content. Specific motivational
behaviour change approaches can be applied to CA design: Motivational Interviewing (Ml) has
been integrated into CAs for users without cognitive impairment; and Self-Determination Theory
(SDT) has been recommended for human-centred design for digital technologies including CAs.

Additionally, both Ml and SDT have been recommended for brain injury rehabilitation.

This thesis outlines the development of a motivational embodied CA (ECA) for brain injury
rehabilitation. This type of ECA for this purpose has not previously been developed. Key
considerations for developing the ECA were: addressing the clinical needs of clients with TBI:
contextualizing the ECA to the clinical setting, and incorporating SDT and MI within the
conversation dialogues. Living Laboratory design methodology was utilised for this project:
including co-design with clinicians and clients and testing of the ECA in the real-life setting (two

ambulatory care clinics, and the client’'s home environment).

The three phases of development of the ECA — called RehabChat — were conducted to optimise
the feasibility and acceptability of this ECA. The phases were in-house development and testing,
co-design workshops, and a mixed methods feasibility pilot trial. The initial ECA prototype was
developed in-house, and then tested. Testing incorporated alpha testing to check thoroughly for
glitches as well as general usability; and beta testing to detect any glitches and appraise usability
more closely. For the co-design workshops and the feasibility pilot trial, full ethics approval was

gained, and clients and clinicians of the collaborating clinics were recruited.

The co-design workshops comprised three cohorts (current clients, discharged clients and
clinicians) and four rounds of co-design workshops. Separate meetings were conducted for each
cohort for the first three rounds of meetings, followed by one final fourth workshop meeting
comprising all cohorts. Iterative changes were made to the ECA during these workshops. The ECA
was then thoroughly checked by completing second alpha testing. The refined stable model ECA

was then used in the feasibility pilot trial.



For the mixed methods feasibility pilot trial, client-clinician dyads completed a two-week
intervention using RehabChat alongside usual rehabilitation care. As well, clinician-participants, for
whom no clients could be recruited, participated in a mock client-clinician session to use the ECA
and then provide feedback. Results which revealed that participants thought RehabChat was
motivational and that it was easy to use alongside usual care, are discussed and recommendations

for future research and development of RehabChat are presented.
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Personal perspectives statement

It is necessary to present my personal perspectives relevant to this project due to the qualitative
aspects of this research. My previous work experience as a physiotherapist, and my current and
previous studies have helped form my perspectives regarding motivation and digital health
interventions for brain injury rehabilitation. The risk of any unintended bias that may occur due to
my pre-conceived views on this project’s topic and purpose have been countered by the rigorous
way that the methodology for this project has been constructed. My personal perspectives are
outlined below.

| have over 20 years’ experience working as a physiotherapist. Much of this work has involved
working with clients with brain injury and/or cognitive impairment. | have previously worked as a
Senior Physiotherapist and Senior Clinical Educator at the South Australian Brain Injury
Rehabilitation Services SABIRS. Through my previous work at SABIRS, | gained experience
providing therapy for clients with moderate-severe traumatic brain injury (TBI) and other types of
acquired brain injury (ABI) within an interdisciplinary team setting. During my work, | attended
training for Motivational Interviewing (MI), and learnt that | would need to modify the approach of
MI to suit the cognitive needs of the clients. | used simplified Ml approaches in my clinical work,
and with this found that even for clients with severe memory or concentration challenges, the
clients were able to identify a personally meaningful goal that helped to motivate them in their
rehabilitation sessions, and then focus on this more readily during therapy appointments.
Additionally, | found that if | used the client’s words for describing their goal during subsequent
therapy sessions, the client was able to engage in the rehabilitation processes more readily. From
this, | have developed a positivist view of the potential benefits of supporting motivation for clients
with ABI including TBI: that supporting motivation in these clients will improve their recovery in one

or more domains.

In my readings and learning as a PhD candidate, | found literature reporting research findings or
expert opinions that confirmed my personal perspectives. Additionally, although motivational
support as a means to improving rehabilitation recovery is a small field of research, it is
nonetheless based upon sound theoretical paradigms, and has revealed no safety issues. Thus, it
appears safe to pursue. My previous Honours and Master’s degrees focussed upon intellectual
disability. This provided me with insight into the health challenges and unique needs of this cohort,
of which the principles can be applied to other clinical cohorts of clients with cognitive needs, such
as adults with TBI.

Below are key topics | have clarified during my PhD:
e motivation to participate in rehabilitation is higher if the client is given opportunity to express

what is their important goal to work towards in their rehabilitation
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e itis important to use the client’'s wording of their goal, because it likely represents the
client’s cognitive and language abilities to form the goal, as well as the client’s intrinsic
motivation attaching meaningfulness to the goal

¢ client-centred approaches — such as Motivational Interviewing and Self-Determination

Theory — are relevant for TBI rehabilitation.

Given my positivist approach, and the careful methodology utilised in my PhD, | expected that
results of my research would provide comprehensive feedback for developing RehabChat into a
tool that was feasible, usable and acceptable to clients and clinicians; as well as providing ‘sign-

posts’ for its future research development.
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Glossary

The abbreviations, acronyms and proper nouns used in this thesis are presented below with their

full wording and/or explanation.

Abbreviations,
acronyms and
proper nouns

Full wording and/or explanation

ABI

acquired brain injury

ACSH American Council on Science and Health
acronym for four researcher-developed Likert questions for: Anxiety,
ADME Depression, Motivation and Energy (used in feasibility pilot trial (see
Appendix XVII))
ALL all cohorts — in co-design workshops
free, open source, cross-platform audio software for editing audio
Audacity recordings; downloaded as App on Flinders University desktop computer
(used in this project) (2)
BMQ-R Brain Injury Rehabilitation Trust Motivation Questionnaire (BMQ) for carer
or clinician use (3)
Brain Injury Rehabilitation Trust Motivation Questionnaire (BMQ) for client
BMQ-S
use (3)
C Client (client-participant in feasibility pilot trial)
CA conversational agent
CALHN Central Adelaide Local Health Network
CcC current client (cohort in co-deign workshops)
CL clinician (cohort in co-design workshops)
Clevertar Clevertar Pty Ltd.: Adelaide-based ECA software company
Clinician with No Client (clinician-participant in feasibility pilot trial who did
CNC : ) .
not supervise a client using RehabChat)
CNHS College of Nursing and Health Sciences (the Flinders University College in
which the FDHRC is situated)
CONSORT Consolidated Standards of Reporting Trials (4)
COVID-19 the illness caused by the coronavirus SARS-CoV-2 virus
CSsSs Customised Style Sheet
CTO Chief Technical Officer
CVA cerebro-vascular accident
cwe Clinician with Client (clinician-participant in feasibility pilot trial who

supervised a client using RehabChat)
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Abbreviations,
acronyms and
proper nouns

Full wording and/or explanation

(aspects of Motivational Interviewing) Desire, Ability, Reasons, Need,

DARN CAT Commitment, Actuation, and Taking Steps (5)
DC discharged clients (cohort in co-design workshops)
DEI Data Extraction Instrument
DHI digital health intervention
ECA embodied conversational agent
EndNote EndNote X9 (2018, Clarivate Analytics, PA, USA)
ET education tutor
Excel Microsoft 365 Excel software, used in this project (6)
F female
Flinders Digital Health Research Centre (the Flinders University research
FDHRC . . : .
centre in which this project was conducted)
GCS Glasgow Coma Scale (7)
HADS Hospital Anxiety and Depression Scale (8, 9),
HBC health behaviour change
HCI human-computer interface
HCP health care professional

Healthdirect

Healthdirect was the video-conferencing platform (10) used by the
collaborating clinics

HEP home exercise program

HREC human research ethics committee

Living Lab Living Laboratory (co-design methodology used in this project)

LOC loss of consciousness

M male

MCI mild cognitive impairment

Ml Motivational Interviewing (11)

Microsoft Microsoft Al-based software which transcribes digital audio recording to a
Transcribe word.docx format; used in this project (12)

MOT-Q Motivation for Traumatic Brain Injury Rehabilitation Questionnaire (3, 13)
mTBlI mild Traumatic Brain Injury
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Abbreviations,
acronyms and
proper nouns

Full wording and/or explanation

n number of participants (e.g. n=2 indicates 2 participants)

NLP Natural Language Processing

NVivo QSR International Pty Ltd qualitative research analysis software (14)

oT occupational therapist

PC personal computer

PCC Population, Context, and Context

PD Parkinson Disease

PhD Doctor of Philosophy

PRISMA-SCR E)r((:g(ra]rsriii I;)erpsc():r(:[)ilr;i?1 ét(:g?el:,?l; Systematic Reviews and Meta-analyses

PT Persuasive Technology

PTA Post-Traumatic Amnesia

PwD Person with Dementia

PwP Person with Parkinson Disease

RCT Randomized Controlled Trial

RehabChat name of the ECA developed in this project

RTES Rehabilitation Therapy Engagement Scale (15):

SCD Single Case Design

SciTE Scintilla based Text Editor (16)

SD Standard Deviation

SDT Self-Determination Theory

SMART Specific, Measurable, Achievable, Relevant, Time-bound goal-setting
framework (17)

SP speech pathologist

SUS System Usability Scale (18)

TBI traumatic brain injury

Ul user interface

UX user experience
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Abbreviations,

acronyms and | Full wording and/or explanation

proper nouns

UTAUT Unified Theory for Acceptance and Use of Technology (19)
VAS visual analogue scale

WCAG Website Content Accessibility Guidelines (20)

WHO World Health Organization

Woz Wizard of Oz (a technology development approach)
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1 Introduction

This chapter presents each of the main paradigms for this project, which are: brain injury
rehabilitation for traumatic brain injury (TBI), motivational health behaviour change (HBC),
and Embodied Conversational Agents (ECAS). Each of these paradigms will be presented
separately, and then discussed in relation to each other. It should be noted that TBI is the
diagnosis of client-participants in this study. However, additional clinical diagnoses are
considered in this thesis to augment discussion at points where TBI literature is scant. These
additional diagnoses include the broader diagnostic umbrella term of acquired brain injury
(ABI) (of which TBI is one specific diagnosis), stroke or cerebro-vascular accident (CVA),
brain diseases such as dementia or Parkinson Disease (PD), and disability more broadly.
The reasons for including these additional diagnoses where relevant were that they incur a
similar functional impact upon the client, for example cognitive and memory challenges,
physical limitations, and difficulty completing daily activities; and that functional improvement
is possible through the physiological process of neurogenesis (21) (see Section 1.1.3). A
significant amount of literature is dedicated specifically to stroke. Stroke has been defined as
a distinct diagnosis by the American Heart Foundation (24). However, it is also an identified
cause of ABI (22) and is included in ABI research literature at least at times (25, 26).
Accordingly, for the purposes of this PhD, specific research about stroke and/or other ABI
diagnoses, PD and disability in general is considered, particularly when there is insufficient
research pertinent to TBI. Similarly, where literature for ECAs was insufficient for the
purposes of this project, reference to other related areas of literature for non-embodied

conversational agents (CAs) and digital health in general is included where needed.
1.1 Traumatic brain injury

1.1.1 Aetiology of Acquired Brain Injury and Traumatic Brain Injury

Acquired Brain Injury (ABI) occurs when a person sustains an insult to their brain resulting in
tissue injury (22). The causes of ABI are varied and include aneurysm bleed, surgery,
traumatic brain injury and stroke (22). Traumatic Brain Injury (TBI) occurs when a person
suffers an injury to their brain from an external force (23): either a direct force (such as head
strike onto an object or surface, or object strike to the head) or an indirect force (for example,
the shear forces on the brain associated with severe whiplash). A closely related diagnosis
of cerebro-vascular accident (CVA), or stroke, occurs when the blood supply to the brain is

interrupted due to blood vessel blockage or haemorrhage (24). ABI including TBI and CVA



result in an array of symptoms negatively affecting communication, physical ability,
motivation, daily functional independence, and may cause cognitive challenges involving

memory, insight or self-perception, and apathy (25, 26).

There are different levels of severity of TBI, ranging from mild to moderate or severe (27).
The level of severity is determined by assessing three domains: how long the person
experienced a loss of consciousness (LOC) (28); the Glasgow Coma Scale (GCS) score (7)
(an assessment score of the level of brain arousal); and the duration of post-traumatic
amnesia (PTA) in which memory is disrupted following TBI (28). For example, mild TBI has a
LOC for less than an hour, a GCS of 13-15, and PT for less than 24 hours; whereas severe
TBI has LOC for more than 24 hours, a GCS of 3-8, and PTA of at least 7 days (27).

1.1.2 Symptoms following Traumatic Brain Injury

Adults with TBI can experience a range of clinical symptoms affecting physical,
psychological, memory and reasoning domains (22). These symptoms include decreased
balance, mood changes, lethargy, dizziness, pain including headache, disordered insight
and executive reasoning, difficulties with movement control, weakness, and sensory
impairments including vision problems (28). Because of these symptoms, the individual may
have reduced functional independence, be unable to do many of their usual life activities and
suffer psychosocial issues that impact negatively upon family relationships and community

participation, including usual work roles (28).
1.1.3 Recovery following brain injury

The primary mechanism for recovery following brain injury is through neuroplasticity, which
is a process by which the brain forms new neural circuits (neurogenesis) which allow for
learning of skills and improved functional abilities throughout the lifespan (21). More recent
advances in neuroimaging of the brain have enabled a deeper understanding of the
processes supporting neuroplasticity, for example, of increased neuroplasticity occurring
following exercise (21). During rehabilitation for ABI and CVA, the level of adherence to, and
engagement in, rehabilitation affects neuroplasticity and overall recovery made (29, 30).
Research has also identified barriers to recovery following the level of severity of TBI (31).
For moderate and severe TBI, injury severity and complexity relate directly to recovery, and
are the main barriers to recovery (31). In mild TBI full recovery is possible, but psychological

distress, reduced hope for recovery and compensation factors can inhibit recovery (31).



Recovery following brain injury is optimised through multi-disciplinary rehabilitation care
provides a supportive care framework for a client with TBI. During rehabilitation, client-
centred goals are chosen (22, 26, 32), and goal-attainment is supported (33). Client
involvement in goal-setting during brain injury rehabilitation should commence in the early
stages of care (34). A Cochrane quantitative review (33) of effectiveness of using goal
setting and goal pursuit strategies in adults with acquired disabilities identified that clients
should set personally meaningful, overarching goals, and under these set more functional
goals and specific tasks to practice (33). Goal-setting is comprised of client-centred
discussion and multi-disciplinary input (35). The components of successful goal-setting have
been annotated using an acronym of SMART — Specific, Measurable, Achievable, Relevant,
Time-bound (17). The SMART approach has been integrated into rehabilitation care (17),
including brain injury rehabilitation (36). Following a SMART framework ensures that clear
parameters for the rehabilitation goal are set with input by both the client and the clinician.
The client can give particular input for the Specific and Relevant aspects, and the clinician

can advise on the Measurable, Achievable and Time-bound aspects.

Attainment of rehabilitation goals can be optimised through ensuring that the set goals relate
to the client’s personal needs and experience (37), that motivation is supported (38, 39), that
the clinician can tailor the goal-setting approach to the client’s needs and the client and
clinician have effective communication (40). In contrast, barriers to goal setting in
rehabilitation include a lack of clinician and/or client ability or understanding of goal setting
(40). Similarly, research has focused on therapy adherence and its impact upon improving
rehabilitation outcomes after stroke, noting also that therapies which improve adherence can

also increase motivation (26).

1.1.4 Motivational deficits in individuals with brain injury

Motivational deficits in clients with ABI have been described in regard to the aspect of
motivation affected, such as intrinsic and extrinsic motivation (3, 13, 39), and to having a
lack of motivation which is described as apathy (41, 42). A review of apathy following TBI
describes this symptom as an impairment of goal-directed behaviour, resulting from
impairment to the usual brain processes of emotion-related learning and reward-feedback
learning (26). The neuroanatomy of apathy has been studied using neuro-imaging, the
results of which found that irrespective of brain diagnosis, there were common regions of
brain damage that were affected in individuals with low motivation and with varied brain

conditions including dementia and stroke (43). These authors highlight the value of



understanding the anatomy of apathy as a basis for the development of effective therapies
(43). These findings have been echoed in a review of neuroimaging for apathy in adults with
CVA or dementia: specific areas of the brain are more commonly affected within each
condition (for CVA the basal ganglia, and for dementia the anterior cingulate cortex) (44).
This review’s authors similarly emphasize that contextual influences impacting upon the
clinical presentation of apathy need to be considered, and that apathy is not yet well defined
(44). Low motivation in people with brain injury has also been attributed to emotional
sequelae occurring following injury alongside the neuroanatomical changes (25). The need
for the rehabilitation team to consider extrinsic factors influencing motivation such as the
support being provided during a client’s recovery has been highlighted (25).

Decreased motivation in adults with TBI can negatively impact their rehabilitation outcomes
(13). Low motivation impedes participation in therapy programs, and overall progress in
rehabilitation (3, 30, 38, 39). It has been noted in a qualitative review that decreased
motivation can have a direct effect on the amount of self-directed exercise undertaken by
clients with CVA (45). A specific focus upon supporting the motivational need of clients with
brain injury has been discussed in the literature (38, 39). Motivation can be affected following
TBI due to factors relating to how the client is thinking, and to the area of brain impacted by
the injury. Self-limiting beliefs impact the manner in which an individual will approach
opportunities to try new, more expansive activities, with such opportunities less likely to be

attempted and the person thus having less potential to learn new skills (46).
1.2 Positive behaviour change and human motivation

Positive behaviour change refers to the study of human potential for change, actualisation of
change, and facilitators and barriers to successfully achieving change in one’s behaviour.
Positive behaviour change describes an approach by which a person identifies and works
towards achieving personally meaningful goals for change in their own life. Many theories
exist regarding behaviour change: in the area of public health and social and behavioural
sciences, 82 theories have been identified in this field alone (47). Given the plethora of
options to choose from, attempts have been made to codify approaches to critically

examining and rating different theorems (47).

The study of human ability to achieve positive changes in personal behaviour has gained
considerable strength since the turn of this millennium (48). Prior to this, clear concepts of

self-efficacy and social connectedness were presented in psychological research. Self-



efficacy theory (49, 50) focuses upon intrinsic thought-processes integral to undertaking and
persisting in achieving a [new] task or behaviour: that this is more likely to occur when a
person has higher self-efficacy, and that self-efficacy can be improved with experience of
success even in completion of tasks which were challenging. Modern social psychological
research has also presented solid theoretical framing regarding the human need for social
connectedness (51). Social connectedness is a need that is inherent in humans which when
deprived of fulfilment, results in negative repercussions for health and personal relationships
(51). This concept is reflected in a related theorem: Self-Determination Theory by Ryan and
Deci (2000) (52). Self-Determination Theory (SDT) encompasses a positive framework for
enabling autonomous decision making, fulfilment in personal choice making through
adherence to one’s beliefs and needs, and supported enabling of a person forming and

pursuing goals which are derived from authentic motivation.

Human motivation is a desire to perform a meaningful activity based on intrinsic or internal
factors, and/or extrinsic or external drivers (52). Intrinsic and extrinsic motivation describe
two aspects of the experience of motivation (53). Intrinsic motivation is the experience of
being moved to do something because of one’s interest in, value of, or belief in the worth of
the action (53). Extrinsic motivation arises from outside influence of suggested or imposed
priorities, which a person may happily accede to or begrudgingly obey (53). Intrinsic

motivation carries a stronger ability to move the person to enacting a specific behaviour.

Human motivation can be optimised through supportive therapeutic approaches (11). Self-
Determination Theory (SDT) — a behavioural theory —(52) and Motivational Interviewing (MI)
— a counselling technique — (11, 54) are two such approaches which focus on supporting
intrinsic motivation for behaviour change. Both are discussed in more detail below. Of note,
MI has been aligned to SDT as the theory which closely matches the intent of Ml as a
therapy, and is able to explain why Ml is effective (55). Both Ml and SDT also share similar
emphases of client-centred goal-setting and supporting resilience in pursuing goals and
overcoming barriers (57). An example illustrating this is a comprehensive discussion chapter
regarding physical activity and rehabilitation and motivation (56). This chapter describes the
relevance of key behaviour change theories (including SDT) and MI for understanding how
to best support motivation in clients to undertake needed physical activity to support their

recovery goals (56).

1.2.1 Self-Determination Theory



Self-Determination Theory (SDT) identifies that motivation is improved when three inherent
human needs are met: autonomy in decision-making, a sense of competency in achieving
set tasks, and social connectedness with meaningful others (52). Autonomy refers to making
choices for oneself; competence is the sense of having sufficient ability to achieve a given
task; and connectedness refers to the experience of freely having meaningful relationships
with others (52). If these three needs are supported, then intrinsic motivation to pursue
personally meaningful goals is improved (52, 53). Intrinsically motivating goals are more
likely to be pursued by an individual, even following setbacks. In contrast, extrinsic
motivation describes linking of a person’s motivational drive to external sources, such as the
need to earn an income, or the desire to be popular (52). Self-Determination Theory has
been studied widely and found to be effective in varied contexts including education,
promoting physical activity, and health care (57, 58).

1.2.2 Motivational Interviewing

Motivational support for positive behaviour change can be achieved using the counselling
model of Ml (11, 25, 38, 59). Motivational Interviewing is a therapeutic conversation
approach designed to garner the client’s intrinsic volition to identify a personal health need to
change, to set meaningful goal/s and strategies to achieve this change, and to then pursue
their goal/s (5). Motivational Interviewing traditionally has been applied in a one-to-one, face-
to-face, human-to-human context. In Ml, the client is supported to lead the goal-setting
discussion and to explore their challenges and any areas of ambivalence towards change
(60). Throughout, the therapist should empathetically enable this process, and support the

client’s innate ability to form meaningful goals intended for overcoming their challenges.

Key components of Ml include identifying and overcoming ambivalence, which when
achieved allows the client to progress to goal setting and pursuit, and incorporating the
‘spirit’ of MI of the client being affirmed and the therapist being non-judgemental. It is
important to maintain the client’s trust and confidence, and to avoid shutting this down. For
identifying and overcoming ambivalence, it is imperative to allow the client to explore their
challenges and areas of ambivalence towards, or resistance to, change. Key facilitators for
overcoming ambivalence are for the client to lead the discussion, and for the therapist to ‘roll
with resistance’ by not confronting any resistance to change which may be expressed by the
client, and instead to reflect it, and encourage the client to explore their own perceptions
(60). For incorporating the ‘spirit’ of M, the therapist needs to be affirming and at all times to

support and honour the autonomy of the client to make their own choices when ready (60).



1.2.3 Health behaviour change

Positive behaviour change which results in improved health status or wellbeing can be
described as Health Behaviour Change (HBC) (61). HBC is relevant to health care delivery,
particularly for interventions which seek to address long-term or chronic conditions, by the
client making positive changes to their behaviour. Positive behaviour change theories can be
applied specifically for health purposes. For example, SDT has been applied to varied health
contexts and physical activity (57, 58) and for cardiac rehabilitation (62). Self-Determination
Theory has also been incorporated within usual care principles for promoting self-efficacy
and intrinsic goal-setting in stroke rehabilitation (29).

1.3 Motivational support in brain injury rehabilitation

A specific focus upon supporting the motivational needs of clients with brain injury has been
discussed in the literature (38, 39). If motivation is low, then progress during rehabilitation
and overall recovery can be reduced (13). There is increasing interest in the need to
integrate motivational elements within therapy for CVA rehabilitation, with this approach
being distinctly different to more historical approaches for CVA rehabilitation which focussed
primarily upon task practice (63). An expert analysis of this for neurological rehabilitation has
suggested that a specific focus upon self-efficacy be adopted in both clinical trials as well as
clinical work for neuro-rehabilitation (64). Similarly, a review has considered how the
environment and context of rehabilitation for acquired disability can affect outcomes (33).
This review found that implementation of effective management practices and processes of
therapy care can directly improve motivation in clients with acquired disability during

structured rehabilitation (33).

Ways in which motivation can be supported during brain injury rehabilitation specifically
include appraising contributors to motivation such as psycho-social factors, the environment,
and neuro-cognitive abilities and challenges (25). Support can also be achieved by
incorporating motivational counselling, such as carefully applying Ml in a way that meets the
client’s needs (25, 38). For CVA rehabilitation, the use of behaviour change theory, including
SDT, to design and deliver the intervention has been discussed (65). Findings from research
which integrated additional motivational support within usual upper limb motor training
therapy showed that intended movement improvements were achieved up to eight months
earlier than the control group receiving usual care; however, at one year follow-up both

groups were equivalent (66).



A parallel aspect to motivation is the client’s ability to engage in goal-setting. It has been
reported that clients with TBI who have higher levels of involvement in setting their
rehabilitation goals are able to maintain gains made during rehabilitation for two months
following therapy cessation, compared to clients with low involvement in goal-setting, for
whom gains made during rehabilitation were lost by the two-month time (67). Additionally,
improved levels of independence in pursing goals can sustain ongoing recovery beyond the
provision of structured rehabilitation (3, 38, 39).

When motivational approaches are used in ABI and CVA rehabilitation, it is necessary to
assess the impact and benefit of these for the client — not only in regard to clinical outcomes,
but also regarding motivation and its opposite of apathy, and other aspects of HBC
principles. Specific outcome measurements and approaches for assessing apathy have
been validated for people with ABI (3, 44, 68). These tools include the Motivation for
Traumatic Brain Injury Rehabilitation Questionnaire (MOT-Q) for appraising extrinsic
motivation (3, 13) and the Brain Injury Rehabilitation Trust Motivation Questionnaire (BMQ)
for appraising intrinsic motivation, with the BMQ-S for client use, and the BMQ-R for carer or
clinician use (3). It is recommended to use the MOT-Q and BMQ-S together (3).

1.3.1 Motivational Interviewing in brain injury and stroke rehabilitation

Various therapy approaches have been reported for supporting motivation in adults with ABI
or CVA. These include the use of MI, a well-described, methodical approach for conducting
client-centred discussions purposed to identify goals, and overcome ambivalence and
barriers to achieving the goals (11). Motivational Interviewing has been recommended for
improving therapy engagement and self-awareness in people with ABI (25, 38). Motivational
Interviewing is able to achieve this through initially supporting the client to engage in the
conversation, then assisting them to focus on their personally identified need, followed
helping them to think through how to address this need, and finally making plans to achieve
meeting this need (5). These same factors have been identified as those which help to

intensify motivational change in clients (69).

It has been noted that when applying Ml in brain injury rehabilitation, that the cognitive needs
of the client be sensitively considered and the usual MI approach be modified as required
(38). Motivation Interviewing paradigms should be contextualised to the needs of clients with
cognitive impairment, due to the fact that traditional Ml assumes that the recipient has intact

cognitive processes which allow full, and perhaps more predictable, participation in



motivational goal-setting conversations (25). A review investigating the efficacy of Ml for
supporting goal-setting in CVA rehabilitation, described the most significant improvement
was related to client well-being (40), indicating that improved mental well-being may improve

motivation for and engagement in rehabilitation.

Despite the relevance of MI and motivational support for brain injury rehabilitation, a 2015
Cochrane review investigating the efficacy of Ml for CVA rehabilitation, identified an overall
lack of evidence (70). In this review, comprehensive and dynamic searching was completed,
which revealed a paucity of randomised controlled trial (RCT) evidence, with only one paper
being included. The review consequently stated that there was insufficient evidence to state
the effectiveness of Ml for CVA rehabilitation. It should be noted however, that this review
precluded inclusion of other types of motivational approaches, for example the use of
behaviour change theories. Nonetheless, the relative lack of research evidence for the use
of motivational approaches for brain injury rehabilitation, despite the apparent clinical

relevance, further supports the need for the current research project to be conducted.
1.3.2 Self-Determination Theory in brain injury and stroke rehabilitation

Motivational support can be provided by integrating Self-Determination Theory (SDT) (52)
during brain injury rehabilitation (39). The three inherent human needs identified in SDT of
autonomy, connectedness and competency (52) are relevant for clients with ABI or CVA
(39). In an overview of qualitative reviews investigating the experiences of clients following
CVA and their carers, it was found that the key experiences which enhanced recovery
included autonomy, social relations and engagement (71), which closely align to SDT tenets
(52). This review also identified SDT has been previously identified as being highly relevant
for supporting motivation in CVA rehabilitation (63, 71). The principles of SDT can be used to
shape how the rehabilitation care is delivered. For example, staff interactions can focus upon
client-centred autonomy for choice-making and goal-setting; and key loved ones can be

involved in the client’s therapy (39).
1.4 Designing Digital Health Interventions

This section will present key considerations for designing human-centred digital health
interventions (DHIs), considering factors related to health purposes, and also to positive
behaviour change more generally. These considerations are relevant also to the design of

conversational agents (CAs) — which is discussed in the following section (see Section 1.6).



1.4.1 Overview

Digital health interventions incorporate the use of any digital technology within health care
delivery. These technologies may either be designed specifically for health care use, such as
tele-rehabilitation, or be designed for more general application and then adopted for use
within health settings, for example, the use of step-trackers to incentivise physical activity
(72). An expert consensus paper by Michie et al (2017) (73) recommends that development
of digital health behaviour change interventions should be done cautiously given the
dynamically changing sector of digital technology, and should focus on promoting end-user
engagement. Additionally, the World Health Organization (WHO) in 2020 stated that usability
and safety assessment is needed in the development of digital health interventions: that
emphasis should be given to user experience, and that barriers to implementation should be
identified and addressed (74).

Two main approaches have been reported for integrating human-centred design principles
into DHIs for increasing user engagement with, and use of, the DHI, and for changing the
user’s views or behaviour. These are positive behaviour change (see Section 1.2), and
persuasive technology (PT) (75). Below is a discussion of PT and of how PT as well as

positive behaviour change can be integrated into the design of DHIs.
1.4.2 Persuasive Technology

Persuasive Technology (PT) (75) refers to the aspect of technology design concerned with
influencing the user in order to change the user’s choices and behaviour, without using
deceit (75). Persuasive Technology is founded upon the principle that human users will be
affected in some way when they interact with communication technology (75). The
persuasive aspect of PT aims to form, alter, or reorganise the user’s attitudes, behaviours or
act of complying (76). Its founding protagonist BJ Fogg (1999) highlighted the need for
considering the purposes of, and the means for applying, PT design principles (75). Fogg
(1999) promulgated the need for defining principled guidelines to help ensure the ethical
implementation of PT (75). The need for this rallying call was to help ensure that potential
negative effects of PT would be avoided. Such negative effects included the technology not
clearly stating its limited capabilities and purpose, and unethical coercive or seductive

gualities being enabled within the experience of using the technology (75).
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Persuasive Technology incorporates a functional triad comprising: a tool type (such as a
calculator); a medium to enable or provide experiences (for example, virtual reality); and a
social actor (a character which creates relationship, for example a digital pet). Fogg in 2002
(77) further expanded on details of PT as ultimately a design approach for increasing user
engagement and user satisfaction with computer technologies. Fogg also explained the
phenomenon of human users tending to apply a personality to the computer programme,
even when it is not an intended goal of the programme designer (77). Such known
outcomes, as well as unintended consequences, of user experience (UX) when using a DHI

should be carefully considered when designing the DHI.

The need to clearly define the purposes of PT in technology design has been previously
highlighted in a critique of Fogg’s Persuasive Technology paradigm (78). This critique
highlights the need for careful use of terminology in technology design, for example the
distinction between engaging and persuading the user, and the premise of technology
provides social stimulation rather than a social actor: the computer does not act in a social
dialogue (as Fogg indicates) but rather has been designed by a person to promote
persuasion (78). Further critique of PT (79) candidly appraises the negative effects of
persuasive systems including technostress, anxiety, and different types of addiction. A 2014
review of the literature regarding PT design (76) found that many persuasively designed
technologies do indeed persuade, but that there is a lack of actual assessment of how the
user’s general attitudes are more substantially changed. These authors highlight two
pathways of persuasion evident in PT which are to persuade toward a behaviour change if
the user is already interested in changing, for example a health behaviour; or to persuade
toward a priority of a business, such purchasing behaviour to support a marketing goal (76).
Key aspects of how PT design is able to persuade a user include the tool providing primary
task support, dialoguing with the user, having a level of credibility, and using social influence
to increase engagement (76). These aspects illustrate the intersect between the human
interacting with the technology device, and this being connected to the real-world in regard
to the behavioural task being achieved, or the social perception around using the tool. Fogg
in 2019 described a Behaviour Design model that integrates with PT to further facilitate user
engagement with using the technology tool (80). This Behaviour Design model includes two
main tenets of supporting the user to change something they are already interested in, and
providing the user with a sense of success (80). Notably, these two tenets accord closely
with MI and SDT.
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Recommendations have been proposed for overcoming the limitations of PT. These
recommendations include implementing user-centred design, improving system usability,
and carefully appraising intended versus unintended outcomes (78). Improved system
usability can be achieved by ensuring the technology will avoid errors, perform as promised,
and not demand too much effort from users (79). Interestingly, social features of systems
have been found to not only relate to positive outcomes (for example, to help reduce
loneliness), but also to several negative outcomes (stress, envy (of other users) and
addiction). Such risks should be mitigated in the design of any interactive computing tool and
assessed during evaluation of such tools (79).

In summary, PT offers many options for increasing user engagement and trust in the digital
technology tool. If managed well, this could support optimal use of a DHI to support

improved health or therapy engagement. Importantly, any unintended or negative sequelae
of PT should be avoided both in how the tool is designed, and through monitoring for these

sequelae during implementation of the tool.
1.4.3 Behaviour change principles in the design of digital interventions

There is increasing interest for integrating health behaviour change principles within the
design of DHIs (73, 81) and also in appraising the effectiveness of these interventions (82).
Michie et al (73) present expert recommendations for digital behaviour change interventions,
which include the integration of behaviour change theory within both the design and trial of
digital health technologies as well as in the ongoing monitoring of them so as to ensure
optimal outcomes (73). Recent literature highlights the need for development of a
methodological approach for choosing and applying a HBC approach to DHIs (73, 83). This
has been proposed for the application of SDT to the design of digital behaviour change
interventions (84): the tenets of SDT can be integrated both in the way in which the user
interacts with the tool, and in the choice of the wellbeing outcome for which the tool is
designed to support (84). An emphasis on supporting positive behaviour change in DHIs has
also been recommended for supporting self-management for neurological clients:
suggestions include in the integration of self-management approaches into mobile-Health
and other digital health interventions, with an emphasis on supporting long-term self-

management (64).

1.4.4 Comparing persuasive technology and positive behaviour change
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There are apparent differences as well as some similarities between the purposes of PT
compared to the integration of positive behaviour change principles in the design of digital
technologies. The similarities are that both approaches help to enable user engagement and
user of the tool, for an intended behavioural outcome. The differences are in relation to the
theoretical basis for each approach. For example, SDT has a broad base for proven
effectiveness in human care interventions (57, 85), whereas PT is inherently a design
approach just for technologies. In a much-needed discussion outlining the different
perspectives of technology designers (focussing on PT) and health professionals (focussing
on behaviour change theory) within the context of behaviour change Apps for physical
activity, a number of challenges facing this point of intersection were highlighted (83). These
challenges included there being fragmented application of behaviour change theories and
also of PT intents with a related lack of pragmatic methods and guidelines for PT (83).
Additionally, diversity in user needs and preferences relating to behaviour change theories
and PT approaches has been identified (83). Indeed, the persuasive design elements in and
of themselves may fail at their intended purpose unless backed up by a relevant behaviour
change theory (83). The authors also emphasize though that with careful design of both the
flow and presentation of positive behaviour change content and of the persuasive design
elements, that the latter can help to maintain immersive interaction by the user so as to
optimally benefit the user in regard to the behaviour change content (83). These
considerations align with the concept of behaviour change theory being used as a way to
framework the design of persuasive technologies for supporting HBC (81). It appears that
emerging trends in the literature point to technologists and health clinicians being able to

come together to formulate a new integrated theoretical paradigm for DHIs (73, 83).
1.4.5 Assessing digital health interventions

There is a need to thoroughly test novel DHIs prior to and whilst implementing into care (86).
However, usual health research approaches of robust and lengthy studies are not keeping
pace with DHI development, which underscores a recent recommendation for more
pragmatic approaches to testing of DHIs (86). Similarly, an earlier 2016 discussion paper
outlines considerations for designing research for assessing DHIs, and acknowledges that
the traditional health-oriented RCT model does not match the needs of DHI research which
comprises diverse specialties of computing, health, behavioural and engineering sciences
(87). The challenge is how to best appraise new and emerging digital technologies which are

at varied levels of development, and hence which need different approaches for testing (86).
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In response to this dilemma, distinct phases of testing of a DHI have been proposed (88).
These phases include an initial phase to conceptualise and produce a relevant and
acceptable prototype, and a second phase for completing feasibility testing of the refined
model (88). Attention should be given to assessing usability, safety, privacy, personalisation,
and adherence when designing and testing the DHI, whilst also considering potential barriers
to uptake, including end-user characteristics, workforce issues, user expectations, funding
and professional regulations, all of which should be appraised during testing (88). The WHO
in 2020 released its recommendations for the design of DHIs — and similarly included the
need for DHI design to focus on acceptability, usability, and user experience, whilst also
identifying and overcoming barriers to uptake (74). These recommendations acknowledge
both the patient and health provider as key end-users, and that the DHI use is situated in a
broader context of health measures, established practices and safety requirements (74).

The need to assess not only the user’s interaction with the DHI and the facilitators and
barriers to this, but also the user’'s amount of intended behaviour change has also been
highlighted (89), with the former influencing the latter. The amount of intended behaviour
change enacted by the user could have direct impact upon their health outcomes. Results

for assessment of this would be of great relevance for clinicians when appraising a DHI.

Clinicians may have specific preferences and needs when choosing and implementing a
digital health technology into care provision. A study investigating a therapists’ intention to
use serious gaming in brain injury rehabilitation, identified that clinicians needed the game to
support rehabilitation goals, provide meaningful training, be tailored to the client’s needs,
and be motivating to the client (90). Additional requirements included the need for clarity
regarding the amount of clinical supervision required, for database functionality to
incorporate personalisation features, and the ability to gather quantitative measures
regarding patient’s progress (90). This example illustrates the need for DHI design and
testing to consider not only the user’s engagement with the tool, and the intended behaviour
change outcome, but also the clinician’s requirements and how the tool is to be integrated

into usual care structures.

1.4.6 Use of digital health interventions in rehabilitation for brain injury

or stroke

A range of DHIs have been researched for brain injury and CVA rehabilitation, including:

immersive videogames for upper limb training (91), virtual reality to support cognitive
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challenges (92) including with an avatar integrated into the virtual reality (93), and avatar-
based simulation technology to educate families how to support veterans to seek help for
medical needs including TBI (94). As well, serious gaming has been shown to have very
good acceptability with users, and good acceptability to therapists when utilised in brain
injury rehabilitation for supporting cognitive recovery (90). These examples illustrate that
DHls can be used within rehabilitation for clients with a brain injury or stroke.

It is possible to embed positive behaviour change approaches into DHIs (84). This focus has
been identified as a high priority for CVA rehabilitation (63) and brain injury rehabilitation
(39). Self-Determination Theory specifically has been used as the framework for assessing
the usefulness of video-games in CVA rehabilitation in regard to their ability to improve
intrinsic or extrinsic motivation as well as clinical outcomes (95). Similarly, self-efficacy and
long-term self-management approaches have been highlighted for the development of DHIs
and of therapy approaches that use such DHIs for CVA rehabilitation (64). Examples of
these include a customizable exercise App for increasing exercise in participants with CVA
with therapist input via tele-rehabilitation if required (96), and use of varied affordable
technology devices (including personal Apps chosen specifically for each participant) with
rehabilitation clients (49% of cohort with neurological conditions); (97). That study found that
clients continued using the device with technical and coaching support to their support
rehabilitation goals for up to six months, including post discharge (97). These examples
illustrate that digital health devices which emphasise health behaviour change or support

can be used within rehabilitation for clients with a brain injury or stroke.
1.5 Conversational agents

1.5.1 Overview

Conversational agents (CAs) — or chatbots — are computer technology tools which provide a
responsive, human-computer interface (HCI) with which a person can have a conversation
(98). The first CA developed was ELIZA in 1966 (99). ELIZA was developed to have a turn-
taking conversation which utilised natural language processing (NLP) to identify key words
from the user’s input and integrate them to relevant counselling type responses relevant to

psychiatric care (99).

The user’'s mode of interaction with a CA is by written or spoken conversation dialogues.

There is a lack of consensus regarding terminology used to refer to the many types of CAs,

15



including ECA (100), virtual agent or coach, intelligent agent, or virtual human (101). It has
been suggested that soon CAs will replace Apps as the most common digital communication
device (68). In contrast however, research for CAs is an emerging field. It has been noted for
research of CAs that application and testing of complex CAs is more difficult, whereas
implementation of simpler CAs accords with more research opportunities (102).
Conversational agents have been reported as effective tools for education interventions
(103) and health interventions, (104-107). Previous reviews have appraised the use of
E/CAs for a range of health purposes (100) and psychology interventions (102).

Conversational agents may incorporate a virtual, humanoid character who embodies the
computer dialogues — an embodied CA (ECA) (105, 108, 109). The humanoid avatar is able
to speak (auditory output), and can provide facial expressions and gesturing functions (visual
outputs) (109). The presence of an avatar in an ECA facilitates user engagement and
understanding (109). The audio-visual display of the avatar can be modified, or more
specifically personalised, to suit user preferences. The personality — or persona — of the
avatar should be developed to match the purposes of the ECA: a scoping review of ECAs in
psychology describes a range of avatar persona styles including tutor, coach, clinician and

social interaction partner (102).
1.5.2 Conversation design: structure and style of responses

Key choices need to be made when designing a CA, regarding its overall conversation
structure and the style of its responses to the user’s input. Design of a CA should also

optimise the capabilities of the software platform. These factors are discussed below.
1.5.2.1 Overall structure

Options for the overall structure of the CA conversation relate closely to the capabilities of
the software used, and should be carefully considered. Different software options can allow
for either a simple or complex CA structure. For example, a more complex approach to the
conversation development and delivery can be facilitated by using NLP (the computer
capability of recognising and parsing content from the user and then creating appropriate
and relevant replies based on this (110)). Data input from wearable sensor devices which is
processed in real-time can also be used to impact upon the CAs decision making (111). As
well, large online public repositories of information can be utilised, or alternatively the

researchers can develop and incorporate a large-scale language repository relevant to the
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content and purpose (112, 113). The latter requires longer development time and involves
training the computer system in two steps: first, gathering an appropriate library of words,
phrasing, and dialogue decision-making, collectively referred to as the ECA language
database; and second, using this language database to train the CA to understand the
communication variations which will commonly occur in conversations with users for the

relevant topic (112).

An alternate option is to structure the CA conversation using a simpler approach; for
example, using a tree algorithm for decision making in response to user input, in which pre-
developed CA replies are utilised (111). Use of a constrained model for structuring a CA
conversation has been suggested by Fadhil (2018) (111) within which a ‘Pipeline Design’
provides a unidirectional branching tree construction for the conversation, comprising a
definite start and multiple end-points. Within this design, a relevant HBC theory should be
incorporated and user experience testing undertaken in order to inform refinements to the
system. Fadhil (2019) has also suggested that for CAs used alongside usual clinical care,
that the more mundane, repetitious aspects of care can be integrated into the CA (114), thus
leaving the more complex aspects of care to be managed by a human expert. This
interaction between client, clinician and CA should be carefully addressed when designing a

CA for health purposes.
1.5.2.2 Respond to user’s input

A CA conversation is significantly made up of how it responds to the user’s input which
creates the interactive experience that influences the user’s overall experience. Responses
made by the CA seeks to mimic natural human-to-human conversation as far as possible,
and to focus on specific human needs and interests. Designing a CA conversation should
consider factors which improve its flow from start to finish, including using engaging
strategies near the start, and wrapping-up strategies towards the end (115). Careful attention
should be given to designing a CA which is perceived by the user as being empathetic, as
this has been shown to be more important than the goal being focused on in behaviour
change CA for smoking cessation (116). Similarly, a well-designed conversation for a health
CA should seek to mimic the human-human experience of the clinician-client therapeutic
alliance which is paramount to supporting effective health outcomes (117). Aligned to this,
the CA’s style can be developed to offer variety in expression: computer modelling has been

used to enable varied expression in a CA (109).

17



The options for how the CA responds to and interacts with the user’s input relate to the
complexity of the CA’s reasoning algorithms for categorising and processing the user’s input.
Natural Language Processing enables the CA to identify and prioritise words within the
user’s utterances to enable the CA to generate a simple or multi-faceted output (e.qg.
provision of language alone, or an additional output of health information or offering to link
the user with a human health professional (118)). Additionally, the proposed ways in which
the CA will respond to user input can be initially trialled with human control, prior to finalising
the approaches within the CA software. This is achieved by an expert researcher working
remotely to compose contextualised responses provided of the CA to the user in real-time as
the user interacts with the CA — called the Wizard of Oz (WoZ) approach. The WoZ
approach enables proposed models of interaction to be tested before refining and
committing these to be entered into the software. This approach has been used successfully
in a CA designed to promote increased levels of exercise (119) and in a CA purposed to

assist a client with severe TBI (120).

1.5.3 Incorporating Persuasive Technology principles into the design of

a conversational agent

Persuasive Technology (PT) expounds a triad of components which are a tool, a medium,
and a social actor (75). An example of all three in combination is an ECA (75): an ECA is
used on a computing device such as an iPad; the user interface provides the medium for an
interactive experience, and the humanoid avatar builds rapport with the user (75). Key PT
attributes which can be integrated into the design of a CA to improve social engagement
include friendly language, turn-taking, positive feedback, focussing on a goal that is relevant

to the user and having a pleasant looking user interface (75).

The design of a CA may also incorporate a number of PT principles which help to improve
the usability of the CA (111). These include the use of social dialogue, and personalisation of
the discourse for example by using the user’'s name and referring back to previous
conversations (81). Easy usability of the CA is important, specifically in regard to ease of
navigation to use the tool, and the tool performing as anticipated (81). Attention to how the
conversation itself is managed and delivered is also highly rated by users (121), in regard to
areas such as the naturalness of the CA dialogues, clear turn-taking, the CA to be adept at
resolving miscommunications, and use of polite approaches for wrapping up conversations
(121). A discussion paper highlights examples of PT approaches which can be implemented

to optimise user engagement and use of a CA through the design of the conversation (111).
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These faciliatory approaches include the CA functioning as a virtual coach (mimicking a
human coach), and providing interspersed prompts for motivation and relevant information
(111). As well, the CA conversation structure can be designed to increase the user’s insight

regarding the need to change health behaviours (diet habits addressed in the paper) (111).

Interestingly, the context and purpose for the CA can affect the user’s perspective on the
usefulness or appropriateness of PT aspects. For example, participant feedback for a CA
designed for physical activity promotion, revealed that social dialogue decreased user
engagement and physical activity, which was likely because the users wanted a purposeful
interaction with the CA rather than a social one (119). Similarly, CA user feedback has
included that the CA should use minimal clichés and less often direct the user to say
something (115). All of these findings indicate the complexity of CA content to not only
ensure an easy, comfortable experience for the user, but to also engage the user in a

purposeful way to achieve the CAs intended purpose.
1.5.4 Assessing conversational agents

It has been recommended that CAs should be assessed at each of the main development
stages of design and development, piloting, evaluation, and implementation/clinical appraisal
(102). Successful design of a CA is measured through assessing not only outcomes relating
to the intended purpose of the CA such as health promotion, but also outcomes that
demonstrate effective implementation and use of the CA (such as safety, acceptability, and
feasibility). Specific non-clinical aspects of user experience (UX) and usability can be
assessed to help inform about and optimise how much a client uses the CA and therefore
how much they benefit from the content and purpose of the ECA (89). To ensure optimal
outcomes in UX and usability, designers need to ask users what they are looking for in CAs
(122). Consulting with potential end-users should occur during the design and development
of the ECA as well as regarding the final stable model CA product developed. Assessment
should also integrate the phenomenon that user needs will change with more CA use, such
that what were the results of testing at an earlier point of use, may change over time, with

different follow-up required (122).

1.6 Safety considerations for designing conversational

agents
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Specific safety considerations relating to the design of CAs have been reported. Risks
arising from using a CA include stress and anxiety and even forms of addiction (79).
Bickmore et al (2018) (123) have investigated the risk of mis-understanding by personal
assistant CAs which use NLP (123). They found that these CAs which provide information
founded upon general knowledge online content models are poor at providing advice for
health conditions, including that they can provide information that is potentially dangerous
(123). There are clear limitations for using NLP CAs, but safety can be improved with a
clinician involved to monitor the client’s CA use and being available to support the client as
needed (124), and for the client to be referred back to the clinician at appropriate junctures
rather than just relying on CA advice (118).

Conversational agents are at risk of failing to understand user input, or alternatively of
misunderstanding or demonstrating non-understanding. This risk can be increased when
there is lack of ability in implicature and presupposition knowledge in the CA. This can be
due to the difficulty for the designer of ensuring that the CA dialogue management system is
sufficiently complex to follow the user’s conversational inputs. A safety mechanism is for the
CA to clarify meaning with the user and/or alternatively to use constrained language, closed-
ended questions to ensure accurate clarification particularly in emergency situations (117).
Additional ways to address mis-understanding errors can include educating the user
regarding optimal ways to talk to the CA to ensure clear understanding, for example
regarding the types of grammar and vocabulary to use (117). However this has in practice

been shown to be difficult to achieve (117).

Some risks however are unknown. An overview commentary on the emergence of CAs
worldwide (122) highlights that even though people open up more easily to a CA, it is
unknown if in the long-term this will have a negative effect. There is consequently an ethical
responsibility of CA designers to ensure that the intended impact of the CA is beneficial, that
potential, unintended negative impacts have been ameliorated so as to produce an overall
neutral effect for the user. The CA can be in-built with an ability to identify out-of-domain
guestions, particularly those of significant safety concern, and a corpus of responses
relevant to any emergency data input that would link the user to more appropriate help (117),
including follow-up with a clinician. Bickmore et al (2018) (117) advise that the type of
language processing should match the intended level of accuracy required for user
interactions. Specifically, when higher degrees of accuracy are required, then constrained

language should be used. Otherwise, if unconstrained language is used, then thorough
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inbuilt mechanisms for identifying errors and checking for and correcting misunderstandings
is required. Safety challenges can be clarified and mitigated through ongoing assessment of
CA use and prompt redesign in response to assessment findings. These management

approaches would help improve UX, and help avoid user disengagement with the CA.
1.7 User disengagement, and promoting longer term use

The literature reports on the challenge of user disengagement with CAs, as well as the
potential benefit of promoting longer term CA use. The high drop-off rate of users with CAs
inherently raises a risk of users not receiving enough support to achieve successful
behaviour change (111). Incorrect user expectations of the CA, for example the user thinking
that the CA is not performing as it should can negatively impact user engagement and use of
the CA (122). This can be managed through the CA specifically stating its purpose: either as
preliminary statements of a conversation, or as clarifying statements if user input deviates

from the CAs main purpose.

The level of trust that a user has in the CA also affects their engagement. It has been
recommended that future research could consider ways to increase the transparency and
proactive representation of factors unique to HCIs within CAs. Suggestions for how this
could be achieved include explicitly highlighting the data-processing and history-managing
capabilities of CAs, and optimising human oversight of the use of CAs (particularly in more
complex areas such as health scenarios) to nuance and optimise the degree of sensitivity
and specificity to which the use of the CA can be implemented in care (102). In this way,
users could remain satisfied that the CA was collating and managing their information well,
the user would feel comfortable in telling the CA the needed data, and the CA use would
likely be less intrusive in the clinical context and more sensitively applied to the user’s

needs.

Longer-term interviewing by a CA can provide more comprehensive data for the clinician
overseeing the users care (125) and more opportunity for the user to be supported to
practice the intended behaviour change. Long-term user engagement can be optimised by
ensuring clearly defined purposes for the interaction, and the CA demonstrating empathy
and understanding of the user’s cognitive state (125). Embodied Conversational Agents may
achieve more easily this due to their visual features which help enable a reduced cognitive
load for users (125). This in turn could contribute to improved user adherence and

satisfaction (125). Conversation length also affects cognitive effort and user engagement,
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and should be appropriate to the purpose for which is its occurring. For example, for a finite
task purpose, such as medication adherence, it should be short and efficient; and for an
explorative discussion regarding symptoms, it should be a lengthier conversation (117).
Nonetheless, it is important to note that the effects of long-term CA use are unknown and
require further research (122).

1.8 Design considerations for health conversational agents

A range of design factors should be considered when developing a health CA. These factors
include safety of the CA (117), and its ability to understand variability of the user’s responses
from (111). Additionally, health CA design should integrate HBC approaches, and also be
appraised regarding how well the CA achieves its intended outcome such as HBC in, or
meeting the specific needs of, the intended end-users (101). As well, at junctures where the
client-user is dissatisfied with response of the CA, it should be planned that a health care
professional (HCP) then becomes involved in the care of the client user, including providing
any needed advice (126).

The design and development of a health CA should incorporate a multi-disciplinary design
team — including computer science, speech and language, and neuroscience (101) — to
provide input on human cognition and communication and match this to software
capabilities. A range of approaches for developing the topic content for health CAs have
been reported in the literature. These include consulting a multi-disciplinary team of experts
regarding the content to be included for a mental health CA (118); using published best
practice manuals, for example as content used in a behaviour change intervention CA (116);
accessing content from online chat-site logs for example regarding weight loss (61); or
identifying relevant themes and content from transcribed qualitative interviews with potential

CA users to inform the conversation content for the CA (115).

The literature demonstrates that a variety of clinical needs and contexts can be reflected in
the design and use of CAs. These mental health and psychology (102, 115, 127), and for
health care more generally (100, 128). The conversation topic for a CA may include specific
domains focussed upon specific tasks — for example, as used in a HBC CA to identify user
language utterances which indicate stages of readiness for behaviour change (129).
Previous research for HBC conversational agents (CAs) has describe how either a

behaviour change theory and/or Motivational Interviewing has been integrated into the CA
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content and design (61, 104, 105, 115). The content should reflect the dynamic nature of

users’ needs and preferences (122).

Finally, CAs have been developed for clients with brain disease, cognitive impairment, and
memory loss for specific clinical purposes including speech training for people with PD (130)
and dementia (131), and providing coping support to sufferers of PD (132). Conversational
Agents have also been developed and researched for memory training for older adults (133,
134). When designing a tool for these client cohorts, there is a need to simplify the user
interface so as to decrease the cognitive load of the user, so that users spend less time in
just learning to use the functionalities of the program (125, 126). Please refer to Chapter 2 in
this thesis which presents a scoping review of the use of CAs in rehabilitation for brain injury,
disease and stroke, for a thorough appraisal of that field of research.

The needs of specific clinical cohorts and contexts can be met through using validated
health counselling frameworks or behaviour change paradigms. Use of a psychology
framework — covering personalised goal action intentions, education, planned tasks,
progress review, utilising support resources, and feedback — has previously been (124)
incorporated into a CA conversation structure. Other examples of integrating motivational
aspects into CAs have been reported for the use of MI. These include incorporating Ml along
with other validated health counselling approaches (116), and using Ml used as a stand-
alone approach to address stress in tertiary students (115). The latter study demonstrated
high user satisfaction and was able to support the user to perceive their need to change a
behaviour and to commence working through a relevant change goal (115). A further
example is a CA design for alleviating symptoms from anxiety and depression, used
alongside therapist-led care, and for which the CA conversation was modelled on Ml and
focused on providing reminders and education (135). These examples illustrate that
motivational HBC paradigms can be integrated into CA dialogue content.

1.8.1 Recommendations for designing health conversational agents

There currently is no agreed systematic approach for developing and reporting on health
CAs (132). This is alarming, given that health care interventions are usually scaffolded with
guidelines. There are however relevant expert design recommendations regarding the more
general domains of DHIs and how to incorporate HBC principles within these. However,
within these, there is a lack of cohesion in addressing the requirements of both clinicians and

technology designers. For example, Michie et al 2017 (73) present expert panel

23



recommendations for HBC digital health interventions in regard to the development and
evaluation of these tools — to determine why and how they work, and for whom, and in what
context — and highlighting the need for development of an ontology that is used amongst
researchers, but without referring to the many possibilities of technological options available
(73). Fadhil et al 2019 (98) discuss the array of design possibilities for health CAs, but
without referring to the need to integrate the requirements of registered clinical professions
and regulated clinical settings into the CA design. In a review of healthcare CAs by Laranjo
et al (2018) (100), clear reporting frameworks for the design CAs are recommended, but the
review does not grapple with the complexities of integrating a CA within a real-life clinical
setting.

1.8.2 Safety considerations for health conversational agents

Given that there are no best practice guidelines for the design of CAs for health care
specifically (117, 123), it is important to consider the available literature on safety and risk
mitigation for DHIs. The National Institute for Health and Care Excellence in the UK has
produced a 2019 guideline document (136) which supports the UK governments
commitment to ensuring that the digital health technologies commissioned by them are
evidenced-based. No specific mention is made of CAs, but the document discusses the
need to carefully consider CAs which utilise artificial intelligence due to their unique capacity
to provide complex and inherently open-ended care to clients — which is in contrast to
comparatively closed ended, more predictable systems, or systems which rely significantly

on clinician input (136).

The literature also reports on key elements which help to optimise the safety of CA health
interventions. These elements relate to the design of the CA conversation and include
having expert consultation for clearly defining the intended clinical context, purpose, and
conversation content of the CA (107), applying relevant evidenced-based HBC approaches
(229), and modelling the CA conversation dialogues upon human-human clinical
communication (109). Other key elements for improving CA safety include having ongoing
access to clinical staff support during CA use (124), and conducting pilot testing of new
devices when first developed (115, 129). Of note however, is that the level of complexity and
time taken to develop a CA, will directly impact upon how long it will take to thoroughly
assess the CA prior to it being ready for use in the real-life clinical setting. The level of
complexity of design features chosen for the CA, for example the language style and

conversation processing and decision-making, and the ability to personalise the CA function
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to user profiles and needs will impact on the length of time required to develop and trial the
CA to assess its clinical effectiveness and safety. Indeed, the greater the level of complexity,
and ‘naturalness’ of the language, the more complex the risk mitigation and error avoidance

strategies needing to be developed (117).

Safety is also optimised by thoroughly assessing a health CA for its safety and usability (see
Section 1.5.4), as well as effectiveness, and for identifying areas requiring future research
and development. However, the field of research for health CAs is still fairly small. In a
review investigating CAs used for psychology (102) it was identified that the research
literature focused primarily on development and piloting, with fewer studies dealing with
evaluation (acceptability, usage), and minimal studies dealing with implementation (102).
This highlights that health CA research is in its early stages, and that CAs are not yet widely
tested for clinical effectiveness.

1.8.3 Data security in digital health relevant for conversational agents

Data security considerations for using CAs in health settings include the confidential
collection and storage of data from user interactions, and also if any other digital
technologies are used in an integrated way with the CA. Such considerations have been
discussed more broadly for digital health technologies generally. The World Health
Organization (WHO) guidelines for digital health interventions (137) offer broad advice
regarding the design and implementation of digital health interventions, including the need
for careful control of patient data security. The American Council on Science and Health
(ACSH) (2019) (138) responded to these WHO 2019 guidelines (137), noting that a range of
measures recommended in it are already in place in the USA, such as for telemedicine, but
that some measures lack regulatory cohesion nationally, with issues of limitations of
practitioner access to online information for practitioners, and needs to improve
confidentiality and safety of data, and management of chronic health condition data. The
ACSH discusses the new opportunities related to the monitoring of clients, for example
through the use of wearable devices, and the related dilemma of how to choose when the
data gathered is managed by a clinician or by computerised algorithmic processes. The
ACSH commentary closes by stating that the development of digital formats for managing
health care will become possible but requires careful planning to ensure high levels of

clinical quality (138).

1.9 Key design and development considerations for this PhD
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The current literature alludes to the need to carefully develop and assess CAs, but similarly
does not offer explicit design and development guidelines. The potential benefit of PT design
for improving immersive user engagement with a CA, which could in turn better support
positive behaviour changes for improving health (83), has not been methodically structured
regarding the design of health CAs. Similarly, PT and HBC paradigms have not been
methodically co-integrated into digital behaviour change interventions generally (83). This is
despite PT carrying a strong paradigm of achieving change in the user’s thoughts and
behaviours, and thus inherently having an impact upon behaviour change in the user (83).
Ideally, CA design should adopt explicit approaches for integrating PT and HBC principles. A
novel assessment paradigm has been recently published for assessing both behaviour
change and user experience within digital health interventions (10), as these are two
separate yet interrelated aspects of the user’s experience; however, it does not recommend
specific approaches for ECA design. Similarly, assessment tools for appraising Apps in
regard to their ability to support behaviour change (11), and their quality (12, 13), also do not
provide either best practice guidelines or specific application to CA design. Comprehensive
digital technology design frameworks for accessibility (for example the Web Content
Accessibility Guidelines (WCAG) (20, 139, 140)) and for acceptance and usability (such as
the Unified Theory for Acceptance and Use of Technology (UTAUT) (19, 141, 142)) are

important to consider whilst awaiting best practice design guidelines for health CAs.

A systematic review on the acceptability of technology use during brain injury rehabilitation
(143) found an overall lack of theory driven frameworks for assessing acceptance and stated
that

“Future directions for research in this area include the use of theory-driven research
designs to enhance our understanding of technology acceptance, to support the
development of rehabilitation technologies that maximize functional outcomes for
individuals with TBI” (Vaezipour et al 2019) (143).

This thesis will now proceed to demonstrate how these design challenges and opportunities
were considered within the design and development of RehabChat — a motivational
embodied conversational agent for brain injury rehabilitation. The following chapters will
present: a scoping review investigating the use of CAs in rehabilitation for brain injury,
disease, or stroke; a description of how Living Laboratory methodology has been applied as
the overarching methodology for this project; the design and development processes used
for RehabChat; outcomes from four rounds of co-design workshops for refining RehabChat;
and finally, findings from the mixed methods feasibility pilot trial conducted in real-life clinical

settings.
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1.10The research gap for this project

Rehabilitation for adults with TBI provides a supportive client-centred approach for goal-
setting and pursuit. It is recommended that motivational paradigms be integrated into brain
injury rehabilitation to enhance the client’s therapy engagement and outcomes. Nonetheless,
rehabilitation care for this cohort is time-limited, despite the potential for recovery being
ongoing. Conversational agent technology can provide an appropriate basis for rehabilitation
inputs for this context. Use of a motivational ECA for brain injury rehabilitation to support
goal setting and pursuit could help to leverage care and improve client engagement in
therapy, and hence also recovery. A motivational ECA to support brain injury rehabilitation

goal-setting and goal-pursuit has not been previously developed.
1.11Research hypotheses

Adults with a TBI may experience low motivation due to specific challenges arising from their
TBI of decreased insight, memory, and executive planning. If motivation is low, then
progress during rehabilitation and overall recovery can be thwarted. An ECA to support
motivation, goal-setting and goal-pursuit may help to improve client engagement in therapy,

and hence also recovery. This could be of considerable benefit for clients with a TBI.

There is no reported evidence for an ECA being researched or used to support motivation in
brain injury rehabilitation. As a result, novel research hypotheses have been developed and
clarified for this project. The main hypotheses underlying this research project is that use of
an ECA in brain injury rehabilitation could improve client motivation to achieve goals, provide
an extension to usual rehabilitation care, and enhance functional recovery. These
hypotheses are premised upon that an ECA can provide iterative conversation dialogues
which can be designed to support motivation and goal-setting; and that an ECA is highly
accessible to the user outside of usual therapy interventions, which can leverage the amount

of therapeutic support available to the client.
1.12Research Aim

The overall aim of this project is to co-design a motivational ECA to support motivation
during brain injury rehabilitation for adult clients with TBI in two ambulatory care clinics. This

is the first time that a motivational ECA has been developed to support rehabilitation of
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clients with TBI. This aim is expounded in the Research Questions and Research Objectives

presented below.
1.13Research Questions

The following research questions for this project reflect the theoretical paradigms presented
above, the novel quality of this design and development research, the open exploratory

approach used in co-design, and the more finite aspects of the feasibility pilot trial.
1.13.1 Main research question

How can an embodied conversational agent be used to support motivation and goal-setting
in brain injury rehabilitation?

1.13.2 Research sub-question

1. What optimal ECA design can be developed using co-design in a real-life
rehabilitation setting?

2. What are the key elements to be considered when developing a motivational ECA for
brain injury rehabilitation?

3. What is the feasibility of using a motivational ECA in brain injury rehabilitation?
1.14 Research objectives

This PhD project undertook development and pilot trial of a motivational ECA for use in brain
injury rehabilitation. The research project included in-house activities: a scoping review and
development and initial testing of an ECA prototype. The ECA conversation dialogues were
informed by HBC principles, specifically SDT and MI. A stable model ECA was subsequently
developed in consultation with clinical stakeholders of two ambulatory care brain injury
rehabilitation services using the Living Laboratory methodology. The refined ECA prototype

was then tested in a feasibility pilot trial in the clinical settings.
1.14.1 Main research objective

Main objective: To design and pilot trial an ECA to support motivation in brain injury
rehabilitation.
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Planning for achieving this main objective was comprised of six sub-objectives, as listed

below
1.14.2 Research sub-objectives 1 - 6

Sub-objective 1: Identify the reported literature for the use of CAs in brain injury, disease
and stroke rehabilitation via a scoping review.

Sub-objective 2: Choose an appropriate ECA software platform for which ongoing technical

support is provided.
Sub-objective 3: Develop an initial ECA prototype in-house

Sub-objective 4: Test and iteratively refine the initial ECA prototype through alpha testing

and beta testing

Sub-objective 5: Conduct co-design workshops with clients and clinicians of the

rehabilitation services, to develop the prototype ECA to a stable model ECA design.

Sub-objective 6: Complete a feasibility and usability pilot trial of the stable model ECA at

the rehabilitation services.
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2 Scoping review of the use of conversational agents in

rehabilitation following brain injury, disease, or stroke

The contents for this chapter from Section 2.1 through to and including Section 2.7.1, and
Appendices |, II, lll and IV, are taken directly from the submitted manuscript for this review:
‘Hocking J, Oster C, Maeder A, Lange B. The use of conversational agents in rehabilitation
following brain injury, disease, or stroke: a scoping review. 48 pages.’ submitted to JBI
Evidence Synthesis journal on 27-1-22; with minor edits made to improve parsimony of the
manuscript content for the purposes of this thesis. The co-authors for this submitted
manuscript provided their permission for use of the manuscript in my PhD, and have
completed the co-author permission form for this PhD.

This chapter presents the findings from a scoping review which investigated the use of
conversational agents (CAs) in rehabilitation for brain injury, disease, or stroke. Conducting
this review was seen as essential for this PhD project as it would provide a comprehensive
overview of the best available literature relevant to helping inform the design and
development of RehabChat. In this review, specific aspects regarding the use of CAs for
these clinical populations and contexts were identified. These aspects were both clinical —
purposes for using a CA, outcome measures used for appraising the benefit of CAs in
rehabilitation, safety issues, different modes for implementing a CA in rehabilitation, and
overall barriers and facilitators for CA use —, and technology related — technical design of the
CA, usability, and design and development processes. Results for each of these aspects
were all seen as potentially useful in informing the design of RehabChat, and potentially of
any CA for rehabilitation care for these clinical populations.

The scoping review is included in full below. It was thought that including it in its entirety
would best illustrate the breadth of literature considered, the diversity of the included studies,
and the summary findings which contribute to defining this field of research. Results for each
stage of this review’s methodology help to illustrate the nature of this field of literature being
new and emerging. The overall results also directly helped to inform the approach taken for

this PhD project, as discussed in Section 2.7.2 below.
2.1 Introduction

Adults with brain injury, disease or stroke experience clinical challenges affecting physical,

psychological, memory and reasoning domains (22). All of these diagnoses can be
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rehabilitated to some degree, due to the physiological process of neuroplasticity. Neuro-
plasticity is a process by which the brain forms new neural circuits allowing learning of skills
and improved functional abilities (21). Recovery is optimised through multi-disciplinary
rehabilitation, the gold-standard approach of care, in which client-centred goals are identified
and pursued (22, 26, 32), and goal-attainment is supported (33). During rehabilitation for
brain injury and stroke, the level of adherence to, and engagement in, rehabilitation affects
neuroplasticity and overall recovery (29, 30). However, in clients with brain pathology,
engagement and overall progress in rehabilitation can be reduced due to low motivation or
apathy, leading to negative impact on rehabilitation and therapy outcomes (3, 13, 39), and
also on engagement in self-directed exercise programs (45). Neuro-imaging has
demonstrated that common regions of the brain are affected in individuals with varied brain
conditions including dementia and stroke and who have decreased motivation (43). These
authors highlight the value of understanding the anatomy of decreased motivation, or
apathy, as a basis for the development of effective therapies (43). A specific focus upon
supporting the motivational need of clients with brain injury has been discussed in the
literature (38, 39). Due to the challenges of brain injury rehabilitation being time-limited, and
the potential for clients to experience decreased engagement in therapy, the need for new,
innovative approaches for rehabilitation care is warranted. Digital health technology has
been proposed as an innovative option to support brain injury rehabilitation (39).
Accordingly, understanding how use of a CA (98) during rehabilitation may benefit therapy

adherence and/or engagement, and subsequently clinical outcomes, is warranted.

A well-managed CA conversation can better approach the human-human experience of the
clinician-client interaction in which therapeutic alliance is paramount to supporting effective
health outcomes (117). It is the level of success of this iterative communication pattern that
will support optimal impact upon the user, and satisfaction by the user. Natural Language
Processing (NLP) systems can use a range of approaches for managing the conversation
relating to how the dialogue is managed. These approaches for dialogue management can
include user or App initiative, directed or open-ended dialogue, whether purposed to
complete a task such as a questionnaire, and if input and output is with written or spoken
communication (100). The dialogue management can be finite (suitable for task specific
purposes), or agent-based in which participants use language freely and are able to reason
through responses, or a semi-directed frame-based dialogue in which the direction of the

conversation rests upon the inputs by the user and the knowledge available in the CA (100).
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Specific safety risks arising from the use of CAs include the user being misunderstood by the
CA, and the CA providing at best annoying or irrelevant replies, or at worst dangerous
replies (80). There is consequently an ethical responsibility of CA designers to ensure that
the intended impact of the CA is beneficial, and that potential, unintended negative impacts
have been ameliorated to produce an overall neutral effect for the user. Some risks however
are unknown. An overview commentary on the emergence of CAs worldwide (122) highlights
that even though people open up more easily to a CA, it is unknown if in the long-term this
will have a negative effect. Such dilemmas will only be clarified through ongoing assessment
of CA use. Bickmore et al (117) advise that the type of language processing should match
the intended level of accuracy required for user interactions. Specifically, when higher
degrees of accuracy are required, then constrained language should be used. If
unconstrained language is used, then thorough inbuilt mechanisms for identifying errors and
checking for and correcting misunderstandings is required. The high drop-off rate of users
with CAs inherently raises a risk of users not receiving enough support to achieve the
intended therapeutic outcome (111) such as for rehabilitation. Conversational Agent
underuse has been attributed to the CA not doing what it was expected to do (122). It is
important, therefore, to understand the potential benefits, as well as risks, of using CAs in

any clinical context.

The use of CAs in health care has been reported in a number of previous synthesis reviews
of the use of CAs in mental health (127), psychology (102), dementia (144, 145), and health
care more generally (100, 128). Rampioni et al (2021) conducted a thematic analysis of
ECAs for dementia clients, focusing on the research frameworks used to investigate the
interactions between users and the ECA, and any barriers reported in the studies (145). As
such, this review did not include CAs, and many of the objectives of our review were not
included. A review by Ruggiano et al (2021) (144) focused on the CA technology itself: the
authors sourced CAs through online repositories, and appraised them for their content and
ease of use. No review has yet been conducted which investigates the use of CAs for brain

injury, disease, or stroke by appraising the peer-reviewed and grey literature.

This review aims to inform the design, use, and reasons for using CAs in rehabilitation for
brain injury, disease, or stroke, and provide an insight to this novel therapy as an emerging
field of research. A scoping review methodology was deemed necessary due to its
exploratory nature incorporating a wide range of publication types (including design and

development papers, usability evaluations, early pilot trials, which is important when there is
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a paucity of effectiveness studies) and also mulitiple clinical contexts. Brain injury, disease,

and stroke are included due to there being limited literature regarding the use of CAs in any
of these contexts separately. Stroke is similar to brain injury in that it happens suddenly, and
results in varied neurological symptoms. Brain disease may have a gradual and progressive

onset, resulting in evolving neurological symptoms.

A preliminary search of PROSPERO, MEDLINE, the Cochrane Database of Systematic
Reviews, and JBI Evidence Synthesis was conducted (4" May 2020) and no current or in-
progress scoping reviews or systematic reviews on the topic were identified.

2.2 Review gquestions

Main review question: How are CAs designed for and used in rehabilitation for adults aged

18 years and older with brain injury, disease, or stroke?
The sub-questions of the review are as follows:

a) What types of CAs are used in rehabilitation for adults aged 18 years and older with brain
injury, disease, or stroke?

b) For what purposes are CAs used in rehabilitation for adults aged 18 years and older with

brain injury, disease, or stroke?

¢) How are the needs of adult clients aged 18 years and older with brain injury, disease, or
stroke integrated into the design of CAs used in rehabilitation care for this population?

d) How are CAs implemented in rehabilitation for adults aged 18 years and older brain injury,

disease, or stroke?

e) What outcomes are used to assess the use of CAs in rehabilitation for adults aged 18

years and older with brain injury, disease, or stroke?

f) What safety issues have been identified with the use of CAs in rehabilitation for adults

aged 18 years and older with brain injury, disease, or stroke?

g) What are the barriers to using CAs in adults aged 18 years or older with brain injury,

disease, or stroke?
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h) What are the facilitators to using CAs in adults aged 18 years or older with brain injury,

disease, or stroke?
2.3 Inclusion criteria

2.3.1 Participants

This review considered studies that included adults aged 18 years or older with brain injury,
disease, or stroke. The onset of the brain pathology needed to have occurred at 18 years or

older.

Studies reporting research which was in an earlier stage of development and which involved
either healthy participants, or no participants, but for which the intended eventual use was with
this clinical participant cohort, were also considered.

Participants’ diagnoses could be at any level of severity and include acquired brain injury (ABI)
of any aetiology including traumatic brain injury (TBI), brain diseases including dementia, mild-
cognitive impairment (MCI), and Parkinson Disease (PD), and cerebrovascular accident
(CVA), or stroke.

2.3.2 Technological concept

This review considered studies that explored the design, development and/or use of CAs in
rehabilitation following brain injury, disease, or stroke. Inclusion criteria were further clarified
during the review process as follows. Studies were included if the CA: was presented in a 2-
dimensional way on a computer device (personal computer (PC), laptop) or a mobile device
(smart phone, iPad, or tablet); provided an interactive conversation experience with the user
in which the CA content related to the user’s input; and the content was directed to a clinical
rehabilitation need of the clinical cohort. This is consistent with a previous review of ECAs for
dementia care, where the inclusion criteria similarly contained the need for an interactive
conversation, and content to be specifically related to the clinical focus (144). In another
review of ECAs for psychology, the authors excluded studies in which the ECA output would

be the same regardless of user usage (102).

Inclusion criteria were maodified during the review process, specifically as follows. Studies
were included if the CA had a 2-way conversation with the user, and were excluded it the CA

only provided prompts or reminders, or asked questions in a pre-determined sequence
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without specifically responding to the content of the user’s input. Studies were included if the
CA could be used on a two-dimensional computing device such as a smart phone or tablet,
and excluded if it was integrated within a robot. These criteria changes improved the
specificity of the type of CA being considered. Finally, studies did not have to report on
outcome measures; this criteria change was helpful in ensuring a reasonable number of

papers could be included in the review.
2.3.3 Clinical context

This review considered studies that were conducted as part of, or were developmental
/preparation stages for, the intended clinical setting of rehabilitation following brain injury,
disease, or stroke. The setting for the rehabilitation (intended or actual) could be centre-based

or home-based, and incorporate single or multi-disciplinary care.
2.3.4 Types of evidence sources

Types of studies considered eligible were peer-reviewed publications, or academically
published PhD and Master theses. Types of publications included quantitative, qualitative
and/or mixed methods study designs; research protocols; peer-reviewed expert-opinion
papers; clinical studies including pilot trials; systematic or scoping reviews; and peer-
reviewed full conference papers (but not abstracts). For any included review, the list of
papers for that review was searched for publications relevant for inclusion in this review.
Grey literature sources in the form of theses, conference proceedings and design and
development papers were considered for inclusion when the same research had not been
presented as a peer-reviewed publication. Only studies published in English were
considered due to resourcing constraints. Studies published with any date were considered.
Research reports describing the design and development of a prototype CA intended for use
in this review’s target population, including reports that did not report any outcome results,
were also considered. One deviation from the a priori protocol (146) was that recruitment did

not need to be reported in the study.
2.4 Methods

This scoping review was conducted in accordance with the JBI methodology for scoping
reviews (147). This review was conducted in accordance with an a priori protocol (146)

excepting small modifications outlined in this Inclusion Criteria and Methods sections.
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SUMARI software was not used as described in the a priori protocol (146), because title-
abstract screening and full-text review could be conducted using EndNote X9 (2018,
Clarivate Analytics, PA, USA) (EndNote).

Following completion of the search, all identified records were uploaded to EndNote for
removing duplicates, and citation screening and management. The search results are
presented according to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses extension for scoping reviews (PRISMA-ScR) (148) in the PRISMA-ScR flow
diagram (1) (see Figure 1).

2.4.1 Search strategy

A broad-ranging search strategy was utilised to identify available citations in a relatively
novel field of research. Terminology for the CA aspect included a wide array of terms due to
a lack of consensus in CA terminology, including dialogue systems, embodied CA (100),
virtual agent, coach/tutor/clinician/social integration partner (102), intelligent agent, or virtual
human (101).

The search strategy aimed to locate published primary studies, full conference papers,
reviews, PhD and Masters theses, and opinion papers. An initial limited search of MEDLINE
(Ovid) was undertaken to identify relevant articles on the topic from which key words were
identified and used to develop a full search strategy. The search strategy was adapted for
each included information source. The formal search of the information sources was
undertaken in January 2021. The full search strategies are provided in Appendix |. The
reference lists of included primary studies and secondary reviews were checked for

additional papers.

The information sources searched were primary sourcing databases (MEDLINE (Ovid),
Scopus, ProQuest, Web of Science) and grey literature sources including International
Conference Proceedings Series and ProQuest Dissertations & Theses Global.

2.4.2 Study/Source of evidence selection

Following completion of the search all identified records were uploaded to EndNote X9 and
then duplicates were removed using EndNote, and by manual checking. Prior to the formal
screening process commencing, a pilot screening process was conducted as recommended

in the JBI Manual of Evidence Synthesis (147). This comprised an initial screening of 25
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titles/abstracts conducted by both co-reviewers independently followed by comparing the
screening results, until at least 75% agreement occurred between the co-reviewers (147);
this was achieved in the first round of pilot screening. Two independent reviewers with
expertise in brain rehabilitation and CAs conducted the screening process, and any
disagreements were resolved by discussion, or an objective arbitrator.

Potentially relevant papers were retrieved in full, and their citation details imported into
EndNote. Full-text studies that did not meet the inclusion criteria were excluded, and
reasons for their exclusion are provided in Appendix Ill. Any disagreements that arose

between the reviewers were resolved through discussion or with a third reviewer.

2.4.3 Data extraction instrument

The Data Extraction Instrument (DEI) (see Appendix IlI) was iteratively developed in
response to the nature of the included studies being more technical in nature than expected.
The initial DEI (in the a priori protocol (146)) was focused more on traditional health journal
style research articles, whereas the technical studies in this review were focused more on
software design, and assessment of technical aspects and usability. Additional technical
domains are based on the framework for describing CAs proposed in a systematic review of
NLP ECAs incorporating NLP and used in health care by Laranjo et al (100) which includes:
turns taken per task, task completions, rate of words inputted which are out-of-vocabulary,
user perception of nature of virtual speech qualities, technical design, dialogue
management, dialogue initiation, input modality, output modality, task-orientated, subjective
experience by user, and any clinician determined outcome measures. This framework has
been utilised and extended by Macedo et al (132), with additional categories including health
domain and overall purpose (132). Our review has adopted these same domains, as
represented in the DEI. The final version of the DEI has four main domains: Evidence source
details and characteristics; Research design and health rationale; Technology description:
and NLP related areas.

2.4.3.1 Data extraction

Data were extracted from the included papers using the DEI. An additional person was
involved in data extraction (BL) due to being able to provide expert input regarding the
included papers. The data extracted included specific details about the design and use of

CAs in rehabilitation for adults with brain injury, disease, or stroke; the methodology

37



reported; outcomes measured; results; technical aspects; and safety considerations. Any
disagreements that arose between the reviewers were resolved through discussion or with a
third reviewer. Authors of papers were contacted to request missing or additional data,

where required.
2.4.3.2 Data analysis and presentation

Data was presented in tables and discussed narratively. Findings have been tabulated
according to the DEI categories, for ease of reader navigation of the tables. However, in
order to answer the research questions, results are presented under headings reflecting the

review’s main question and sub-questions.
2.5 Results

2.5.1 Study inclusion

Searches were conducted across seven databases, identifying 7488 records. Duplicate
records (n=438) and meeting announcements (n=197) were removed, leaving 6853 records
for title-abstract screening. Following screening, 149 records were retrieved for full text
review, from which 11 studies were finally included. No additional records were added from
reference list checking of the included primary studies and additional reviews (n=2) (see
Appendix V). See the PRISMA ScR flowchart (Figure 1) for details.

The reasons for 138 papers being excluded following full-text review (see Appendix IIl) were:
not reporting a CA (n=69); not a peer-reviewed paper (n=6); not having a 2-way
conversation (n=37); not a rehabilitative focus (n=20); different cohort (n=5); and content

reported in already included paper (n=2).
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2.5.2 Characteristics of included studies

Ten articles from technological publications and one Masters thesis, published between
2012 and 2019 and reporting on seven CA prototypes, were included. For three of the CA
prototypes presented, their iterative development was reported across either two or three
papers (131, 149-154) (see Table 1). For the remaining four CAs presented, each was
reported in a single study only. Clinical diagnoses considered were dementia (n=5) (150,
152-155), PD (n=2) (130, 132), stroke (n=1) (156), TBI (n=1) (120), mixed MCI and dementia
cohort (n=1) (149), and mixed PD and dementia cohort (n=1) (131).

Most of the papers included a description of the technology prototype or proposed
technology (n=9) and early user testing (n=6). Of those studies that included participant data
(n=6), sample sizes ranged between 1 - 33 participants (120, 131, 149, 150, 153, 156). Four
studies reported data on participants with a clinical diagnosis (120, 149, 150, 153), and two
studies recruited only healthy participants (131, 156). Only one paper reported attrition,
which was of one participant (153). The focus of user testing was either usability and
conversation interactions (n=5) (120, 131, 149, 152, 156); or to gather feedback on the

visual look of the avatar (n=1) (153).
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Table 1: Evidence source details and characteristics

early dementia

Intended: 10 elderly
people with early
onset dementia,
their carers/family,
health professionals

Intended: MDT from
research will recruit;
voluntary
participation

Research protocol

I Context: intended, Participants: Recruitment Research Type of research
Citation Country . . " L
actual intended, actual process methodology activity
Huang et al 2012 Japan Home-based care N=1 (72yo male, Not reported Technology Technology
(149) for MCI / early with MCI; a retired description; user description of ECA
dementia architect) testing and ‘memory vest’
(incorporating
sensors to record
daily activity); initial
user testing
Saito et al 2015 Japan Lab-based research | N=28 (PwD, (16M, Not reported Technology ECA technology
(150) 12F), av age 76.4 description description and
Intended context is yrs) framework for
home-based use analysing the user's
W|th eldel’ly W|th |anguage and
dementia attitude.
Ireland et al 2016 Australia user testing with General public For focus groups: Technology Technology
(131) general public and (online accessible community groups description description, brief
older adults version of app) approached, description of focus
participants given Real world use and | group findings
Intended cohorts: Focus groups: N=33 | information forms focus groups (limited)
PwP, PwD ((17F, 16M), 27-87 provided; informed
yrs (mean: 66.5yrs); | consent process
70% owned
smartphone)
Ireland et al 2015 Australia Intended cohort: (no data collected) N/A Technology Technology
(130) Community dwelling description description
PwP
Leo et al 2019 (155) | Italy Intended: Hospital (no data collected) N/A Technology Technology
(long-term care) for description description /

prototype (ViTA)

Protocol for
proposed usability
testing




A4

Context: intended,

Participants:

Recruitment

Research

Type of research

Citation Country actual* intended, actual* process methodology activity
Lohse 2019 (156) Scotland Intended: for stroke N=10 (‘healthy’ In-house testing: not | Prototype Prototype
survivors adults with tertiary reported development (data development, in-
degrees, (7F, 3M) . ] extracted from thesis | house testing, early
mean age 32.9, For usability testing: | ch. 6 — Usability) usability testing
SD=13.8; 9/10 ethics approval;
participants had word-of-mouth
experience with CAs | recruitment;
(e.g. Siri); 1/10 had information form
experience with provided; informed
therapeutic CA) consent proceSS
Macedo et al 2019 Portugal not described (no data collected) N/A Technology Describes CA
(132) description design, and how it is
Intended COhOI’t: integrated on the
triad of PwP, Research protocol ONParkinson mobile
Carel’/family, health app —a previous|y
professional developed platform
used by PwP, carer
and clinician
Nakatani et al 2019 Japan Home-based care Brief mention of user | Not reported Technology Development of how
(152) for PwWD testing; no details development and ECA would obtain
provided for description personal ontology

participant details
nor of data collected

data from
conversation with
user, and then
manage this as
Linked Data

conversation
knowledge base for
individual users:
‘accumulate and
manage’
personalised data

Initial testing
(minimal details) —
re: accuracy of data
capture and error
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(120)

technology);
intentional design for
specific client

severe cognitive
impairment, ex-
serviceman)

Feedback from
spouse (re
acceptability)

description and case
study

I Context: intended, Participants: Recruitment Research Type of research
Citation Country . L
actual* intended, actual* process methodology activity
likelihood (no
numerical data
given) — to test if
framework worked —
which it did
Nakatani et al 2018 Japan Long-term care N=5 (PwD needing Not reported Basic evaluation on Technology
(153) setting for PwD care/support (aged visual element description and early
74-99); 1 withdrew development of
(disinterest in ECA) Proposed ‘look’ of ECA virtual
development agent
Sakakibara et al Japan Intended: PwD living | No data collected N/A Technology Technology
2017 (154) at home description description of ECA —
Intended: PwD focused on
development of
conversation content
T O O |
Wilks et al 2015 USA Home (smart home N=1 (M with TBI and | Not reported Technology Prototype

description; usability,
acceptability and
safety testing by
client and spouse

Legend: ASR = Automatic Speech Recognition; F = female; LOD = Linked Open Data; M = male; MTUAS = Media and Technology Usage and Attitude Scale; NLP =
Natural Language Processing; OT = Occupational Therapist; PwD = People with Dementia; PwP = People with Parkinson Disease; RDF = Resource Description

Framework; SUS = System Usability Scale; UPO = U=user, P=property, O=0bject; yo = years old; yrs = years. Note: The 11 included papers report on seven distinct
CA prototypes. Where a prototype has been reported in two or more papers, the grouping of papers reporting on it are grouped together, separated by a black border.
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Table 2: Research design and health rationale

entered into
Julius

6. key-word
spotting &
phoneme
matching (to
manage poor
diction)

7. in-vivo
memory vest

Rehabilitati Content of Content Outcomes Use
Citation on Mode of use . Results Safety Use barriers -
purpose* conversation | development | measured facilitators
Huang et Reminisce Converse Activities and | Avatar design For ECA User willing Not reported Not reported | Not reported
al 2012 the day’s with ECA at experiences — based on conversation: to converse
(149) activities end of day of the day; feedback from with ECA;
physical hospital staff | # of utterances; | petter
Sensor wellbeing; utterance engagement
‘memory meals: Conversation duration; when ECA
vest’ collates | childhood content — keywords; user | providing
data on memories; deVelOped: responses; backchannel
day’'s where they voice pitch feedback
activities; lived 1. record &
database of transcribe Memory vest:
sensor data patient user’s
will enhance conversations; | movement (run,
ECA walk, bike, car,
conversation 2. key train); location
utterances when outside
collated,; home
3. nurses
advised on
response rules
for key
utterances;
4. keywords
identified
5. content
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Rehabilitati

Ireland et
al 2016
(131)

Analyse
voice quality
from voice
sample;
focus on
gaining user

ECA ‘Harlie’
initiates
phone call to
user
between
8a.m. —

Not clearly
described;
appears that
any topic can
be discussed

AIML for case-
based
reasoning &
text pattern
matching for
varied topics,

Real-world use
study:
outcomes not
reported

Focus groups:
usability; future

Focus
groups:
overall
positive;
some
technical

Not reported

Issues from

focus groups:

technical
issues
(processing
speed,

Citation on Mode of use Content Of Content Outcomes Results Safety Use barriers US?.
purpose* conversation | development | measured facilitators
data to be
used to
enhance ECA
conversation
Saito etal | Have User seated | Weather, Recorded Attitude Conversation | Not reported Not reported | Not reported
2015 conversatio | at desk, PC family, health, | (audio-visual recognition duration, # of
(150) n with ECA | on desk, with | food, hobby recording of ] utterances, &
for PWD, — | video _ conversations | : user's intent
improve the | cameraand | Binary tree (42) between | to speak, pause
quality of microphone structure for PwD and ECA | and/or paused duration
CA guestions: i likely useful
conversatio | Approx. 10- | yes/no :video data— | Users indicators of
n minute questions non-verbal conversation user’s
experience: | conversation | asked by data (gaze, - duration attitude
to avoid ECA until end | pause) ) regarding
observed of tree, when annot_ated, for | . topic speaking or
problem of ECA then machlne frequency pausing
VA asks an learning model
utterance open-ended : utterances
clashing question ,
with user User’s non-
speaking — verbal data
recognising  gaze outside
user intent ordisplay
to pt_’:luse : pause +/-
outright or intent to speak
to pause again
and
recommenc
e speaking

Not reported
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Rehabilitati Content of Content Outcomes Use
Citation on Mode of use . Results Safety Use barriers -
purpose* conversation | development | measured facilitators
voice 8p.m.; or situations & use issues ‘problematic’
sample user can tasks suggestions (processing ECA
(rather than | phone Harlie ) speed, responses,
on topic System Voice sample: | problematic internet
any topic ) (vowels); CA);
user would : speech input | yocabulary
like - inout control (range); mid- 2 in future —
.(del?ect sentence could provide
utterance pauses company for
. ’ aged care
pitch) CA profile residents
) . database of
: behaviour
control (TTS, | - ytterances (#,
render duration), user
animation) responses
:output S?g]v)vords,
(speech &
animation)
Ireland et | Engage Independent | Questions on | AIML — ECA None N/A User may Not reported | Support
al 2015 PwP in use mental can vary express needs in
(130) conversatio wellbeing, guestion depression or dexterity
n, monitor depressive structure / suicidal and/or speech
wellbeing & symptoms; phrasing thoughts — if limitations
medications monitor so, CA offers (provide
, obtain medications ECA can learn client to talk options for
voice & health from poor with support voice and
samples for status answers person/service keyboard
analysis input)
Information
on support
resources
and exercise
promotion
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Rehabilitati

Lohse
2019
(156)

Treat
anxiety
using TASK
therapy
protocol
(internet-
based CBT
program)

Self-directed
use to
complete
TASK
exercises

TASK therapy
protocol:
education;
self-
monitoring;
cognitive
restructuring;
exposure;
response
prevention;

1. Datasets of
18 clients
completing 2
TASK
activities

: data cleaned
(Python)

:intents
identified

MTUAS
SUS

Think-aloud
evaluation

Qual. interview

SUS median
78.8, mean
76.5
(SD17.7).

General
feedback

: CAis more
interactive

Not reported

Citation on Mode of use Content Of Content Outcomes Results Safety Use barriers US?.
purpose* conversation | development | measured facilitators
Leo et al Reminiscen | - initially, the | personalised 1. client None collected | N/A Not reported Not reported | Not reported
2019 ce therapy — | CA asks the | life stories/ completes
(155) storytelling | carer for memories survey on Intended: for
of client’s input about o personal PwD —
life the (minimal photos L
memories; information) | (assisted by :jntervlew, hi
the carer psychologist & dggogg?tr:c
contributes family hist ’ d
to building member) Istory, recor
stories by ano_l medication
add|ng 2. Carer review, )
information collates comprehensive
memory psycho-
- after this pieces onto geriatric
set-up ViTA into a outcome
phase, client memory assessments;
initiates framework SUS
;Etriruaé:rtllons map Intended: for
interactive carer — Care
speech-text Burden )
interface, Inventory; SUS
and listens to
story recall
(‘map’ of
memory
fragments)

Suggestions
from user
feedback:
customised
videos for
different
learning
styles; videos
in same stye
as CA; use
more emojis &
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Rehabilitati

Macedo et
al 2019
(132)

PD
education

Used on
ONParkinso
n website
platform
(which
provides
communicati
on between
triad of
client, carer
and therapist

Limited detail
on Ul and

PD

Minimal
details.

4,10
graduates
trialed it: main
outcomes
measured

1. prior survey
(N=36 PwP) —
information
needs: main
topics
medication
management
& exercise)

2. health
professionals
developed
content for
both topics

None in this
paper

Intended /
protocol:

1. evaluate
tech
performance
(accuracy;
recover from
errors)

2. UX:
preferences,

Suggestions

: talk through
times of
increased
anxiety; give
more
feedback

N/A

Not reported

Not reported

Citation on Mode of use Content Of Content Outcomes Results Safety Use barriers US?.
DUrpoSE* conversation | development | measured facilitators
Education & relaxation (Watson that website GIFs; be able
information training Assistant) or paper to change

] instructions entered
: CA trained responses;
: CA persona more
2. Two A is fr!gndly, discussion —
(rﬁjejr(;] aerS positive, not jugt do
: p. ; personal, exercises;
trzztcl)?vgéd ugs formal descr@be
- easy; clear exercises as
3. Four post- cues; , stories
grad students activities
trialed it; bugs varied well;
resolved; videos
content refined interesting

Not reported
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Rehabilitati

Nakatani
et al 2019
(152)

Increase
amount of
conversatio
n that PwD
has; make it
easier for
client to
complete
lengthy care
profile
questionnair
e through
doing this in
conversatio
n

planning of
CA
conversatio
n needed
dynamic
ability to
respond to
open field
answers

Daily
conversation

CA asks
questions on
topics of
interest to
user

Reminiscenc
e focus —
profile, and
life history

Personal
interest
topics: e.g.,
life history,
hobbies,
favourite
singer

1. Asks care
profile
questionnaire
questions

2. extracts
data using
UPO model;
convert data
gathered to
RDF format

3. uses LOD
to enrich
conversation
topics

Ability for ECA
to extract noun
phrases from
user input

ECA able to
‘appropriately
extract the
noun phrase’

(minimal
detail)

Not reported

Not reported

Citation on Mode of use Content Of Content Outcomes Results Safety Use barriers US?.
purpose* conversation | development | measured facilitators
user 3. focus satisfaction
interactions groups with speech &
) iteratively answers

Intended trial developed
use: these & 3. health

. additional outcomes:
1. 17in topics intervention vs
controlled control group;
setting interval
2 30/7 ‘in- measures
the-wild’ use

Not reported
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Rehabilitati

Citation on Mode of use Content Of Content Outcomes Results Safety Use barriers Us?.
. conversation | development | measured facilitators
purpose
from clients
(vs.
developing
pre-defined
schema)
Nakatani Regular 1. user Not clearly Focus on Acceptance of Feedback Not reported Not reported | Not reported
etal 2018 | conversatio | chooses described developing ECA
(153) n, promote | picture of _ visual - prefer
user preferred Focus is on presentation Engagement personalised
engagemen | person they | Visual details with ECA ECA; want to
t through knOW - based on talk Wlth
optimising chosen photo | Feedback on familiar
ECA visual | 2. Avatar is _ default vs. looking
appeal styled on this - multiple personalised person
control points ECA
3. user has applied to : speech
3-minute image, needs
conversation software then developing to
stretches & accord with
4. user moves these new style
provides to form facial
feedback expressions
Sakakibar | Increase User speaks | Life history; 1. Asks care None N/A Not reported Not reported Not reported
aetal conversatio | to ECA on where lives; profile
2017 n for PwD; PC screen hobby guestionnaire
(154) to allay questions
negative LOD to
states (fear, enhance 2. extracts
sadness, conversation | data using
anger) content UPO model;
convert data
Decrease gathered to
carer RDF format
burden
3. uses LOD
earlier ECA to enrich
model used conversation
static script topics

designed for
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Rehabilitati

3. compared
results from
land?2

extensive cf.
usual

client
responses
could upset
spouse

Citation on Mode of use Content Of Content Outcomes Results Safety Use barriers US?.
. conversation | development | measured facilitators
purpose
each user
(too
burdensom
e for
designers)
Wilks et al | develop Use at home | Game of 20 Not reported Engagement ECA WOz OT supervised | Notreported | Not reported
2015 rapport with | (integrated guestions (start, maintain | : 45-60 min client use of
(120) client, to into smart & end : WOZ input ECA, to ensure
improve home set-up) | Style conversation) focus on minimal/no
engagemen . . ) maintain agitation or
t: ECA to 1.Userhad |- free-flowing, Monitor conversation | stress; &
then provide | Interview flexible and gazeto ECA, | : ysergaze spouse
reminders | With structured, or away most on ECA | present as
for daily researcher | Not scripted rif gotup from | - minimal standby
tasks (brush conversation disengageme | support, not
teeth, call 2. User had  duration of nt speaking.
friend etc.) Interview each
with ECA conversation : wife Wellbeing of
‘Ava’ — with reported spouse —
support from Feedback from | answers authors
oT spouse more describe that

Legend: * indicates domains based on Macedo et al 2019 (132). Note: The 11 included papers report on seven distinct CA prototypes. Where a prototype has been
reported in two or more papers, the grouping of papers reporting on it are grouped together, separated by a black border.
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Table 3: Technology Description

Dialogue
Task- initiative: Inout Output
Citation oriented: | Hardware Software Dialogue management® | User, put put Appearance
modality modality
yes/nof System,
Mixed
Huang et No Not Avatar design: Poser 7 | Frame System Speech Speech Young male
al 2012 described S ] doctor in white
(149) Animations: Adobe - because asks a list of Avatar medical coat:
Flash pre-determined animations head & trunk fill
B questions, one-by-one (gestures: whole PC
Speech recogpnition: nodding, idling | screen
Julius movements)
Speech output: Google
TTS
Saitoetal | No Desktop Speech recognition: Finite-state then frame- System Speech Speech Young male
2015 computer NLP & ASR based ] doctor in white
(150) : asks Video- Avatar medical Coat;
Timing of speech - yes-no questions to questions in recording animation head & trunk fill
outputs: detects audio- | reach end of ‘tree’ at fixed order of user’s whole PC
visual cues which point open-ended head & screen
o ) question is asked shoulders
(minimal detail)
Ireland et | Yes Smartphone | Android app using Frame-based Mixed Speech — Text Speech
al 2016 Google TTS & STT ) user holds bubbles, image
(131) - uses stored AIML files down green SpeeCh of green robot
Animation rendering: and NLP, and a non- button next to CA’s
conversation speaking
Ireland et | Yes Smartphone | Android operating Frame-based Mixed Speech Text Speech
al 2015 system ) bubbles: red
(130) - uses stored AIML files Speech (for bot); green
AIML and NLP, and a non- (for human)
) ) deterministic
Android app using conversation No avatar
Google TTS & STT character
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Dialogue

Task- initiative: Inout Outout
Citation oriented: | Hardware Software Dialogue management® | User, put put Appearance
modality modality
yes/not System,
Mixed
Leo et al Yes Intended for | IBM Cloud cognitive Frame-based Mixed Speech Speech Not reported
2019 use on platform, including TTS ]
(155) varied smart | & STT - completes a survey, ML Text Images & icons
devices: trained to interpret ]
tablet: NLP: ML trained to ‘intents and requests’ Interactive
smartphone; | interpret ‘intents and related to entered touch-
companion | requests’ related to memory content screen Ul
robot etc. entered memory
content
S I ______
Lohse Yes Smartphone | IBM Watson; Frame-based System Speech or | Text Text, video
2019 . text . options
(156) PC IBM Watson Assistant; | - has the TRAK system Education
Python of resources such | (not shown)
questions/information/ex as diagrams,
ercises, linked with video, relaxing
resources such as video nature music
or music. The client
adheres to the program;
some choice making
allowed
Macedo et | No Smartphone | IBM Watson Assistant Agent-based User Text, Text, speech Speech
al 2019 ) speech (Portuguese) bubbles, colour
(132) Android (Portugues coded for CA &
e) user; static
Google TTS, STT avatar icon
next to CA’s
bubbles
Nakatani No PC or laptop | Web API (Java) with Frame-based System Speech Speech Animated
et al 2019 Apache Tomcat & ) ) humanoid —
(152) Apache Axis2 - personal data enriched Animated friendly young
MotionPortrait SDK for | With LOD avatar lady — on LHS

facial model. Bing
speech API within
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reported in two or more papers, the grouping of papers reporting on it are grouped together, separated by a black border.




2.5.3 Review findings

The review results are presented in tabular form in Tables 1, 2 and 3, according to the first three
main domains of the DEI. The final DEI domain of NLP related areas is not presented, due to no
study reporting on any of the areas for this domain.

2.5.3.1 Types of conversational agents

Of the seven prototypes reported, only two were distinctly described as incorporating an embodied
humanoid avatar (149, 150, 152-154). One of these offered the option for personalizing the avatar
design (153). For two CAs, text bubble content without an avatar was the primary design focus of
the user interface (130-132) . For three of the CAs, insufficient detail was provided to know what
the visual design was like (120, 155, 156). The reported CAs were used on a PC (n=2) (120, 150),
PC or laptop (n=2) (152, 153), PC within a smart home set up (n=2) (120, 154), a smart phone
(n=3), (130-132) on a PC or smartphone (n=1) (156), and one study stated the software was
intended for use on a variety of smart devices (155). Wizard of Oz (WoZ) control of the CA (in
which a human determines output of the CA during conversation with the user) was reported for
one study (120).

2.5.3.2 Purposes for using conversational agent

Key purposes described for the CA presented included: to increase the amount of conversation the
user has each day (h=4) (130, 152-154) including for the purposes of helping to minimize negative
emotional states (154); reminiscence (n=2) (149, 155); and one study each for anxiety
management and education (156), PD education (132), improve quality of conversation experience
through analysing user intent to speak (150), build rapport prior to providing prompting for daily
tasks (120), obtain and analyse a voice sample from PD client to help monitor their voice quality

within their disease progression (131) and to combine this also with monitoring wellbeing (130).
2.5.3.3 How client needs integrated into design of conversational agent

The ways in which relevant coded content was obtained for developing the CA conversations
varied across the studies and included: recording open-ended interviews with clients (n=2) (149,
150), using data from completed questionnaires (152, 154) or surveys (132, 155), or from user
interactions with an online structured therapy intervention (156). Linked Open Data (online open-
access repositories of information) was utilised to augment conversation content (n=2) (152, 154).
A carer helped develop memory content for a CA (155). One of the projects developed a CA
specific to the needs of a specific client with TBI study (120), whilst the remaining studies reported

CA development and testing for an intended cohort more generally.

55



2.5.3.4 How implemented in rehabilitation

Recruitment processes were described for two of the six user testing studies (131, 156). The
duration of the CA use was reported in three studies, and ranged from three minutes (153), to 10
minutes (150) and to 45-60min (120). The remaining studies did not provide details about duration
or frequency of use. Two studies described support being provided by 1-2 persons (120, 155).
Specific clinician oversight of the client using the CA was reported in one study in which an
occupational therapist supervised the client using the ECA, to help ensure the client did not
become agitated or stressed, and additionally, the spouse was present during the session to act as
a standby support but did not provide any verbal input (120). The environments in which a CA was
used included the user’'s home (131, 149, 154) integrated with smart home technology (120) and a

residential care facility (155).
2.5.3.5 Outcomes measured

The outcomes included measures and feedback for system usability (156) (utilising the System
Usability Scale (18)); preference for default or personalised avatar; engagement with ECA use
(153); gaze to ECA or away, conversation duration), language detection (utterance number and
duration, voice pitch (149); intent to speak or pause (150), voice sample for vowel articulation and
mid-sentence pauses (131) and technological performance (CA ability to extract noun phrases
(152); processing speed and problematic CA replies (131); CA speech audio (153)). No health or

wellbeing outcomes were assessed.
2.5.3.6 Safety considerations

No adverse events were reported. Mental wellbeing safety considerations were reported in two
studies in terms of whether the user expresses depressive or suicidal thoughts — in which case the
CA offered the client to talk with support person or service (130) —, and the role of the OT
supervising the client’s use of the CA is to ensure that the client did not become agitated or

stressed (120). The nine remaining papers did not report on safety.
2.5.3.7 Barriers to using conversational agents

One paper (131) reported barriers to use identified through focus group feedback, which were
processing speed, ‘problematic’ ECA responses and internet access. The ten other papers did not

discuss any barriers.
2.5.3.8 Facilitators to using conversational agents

Three studies reported facilitators for CA use (156) including ensuring that the client’s spouse

found the ECA acceptable (120), incorporating customised videos for different learning styles
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(155), and providing options for both voice and keyboard input to support user needs in speech
and dexterity (130).

2.6 Discussion

This scoping review adopted a very broad-ranging search strategy used with both health and
technological databases, to optimise the likelihood of identifying all possible articles from peer-
reviewed and grey literature sources. This approach identified many potential studies, of which
only 11 were finally included. These 11 papers demonstrated creativity and diversity of approaches
for providing a CA tool for use by the clinical cohorts and showed that this field of research is in its
early stages, with papers reporting prototype development and early user testing. The papers also
illustrated that the unique need of these cohorts can be represented in the design of CA
technology, albeit effectiveness testing was not incorporated into the studies. It was of interest to
note the three suites of papers each presenting the step-wise development of a CA — these
presentations help to convey the rigour in which CA prototypes are developed, and in what ways
specific functionalities are embedded into the software. It also demonstrates the potential flexibility
of this research field in being able to incorporate design aspects in a manner responsive to client
needs.

The included papers reported numerous factors regarding CA use relating to engagement in using
the CA and in engaging in therapy, wellbeing, and leveraging care. Engagement with using the CA
could be facilitated by incorporating reminiscence topics and stories of personal meaning to the
client (155). Increased CA use enables the client to receive the intended benefits of having more
conversation. Ways in which a CA was used to support engagement in existing care structures
included integrating the CA in the following ways: with an existing online therapy package so as to
support and facilitate meaningful interactions (156); and within an online platform for interaction
between a client with PD, their carer and clinician (132), in which the CA supported completing an
essential questionnaire regarding the client’s life history and interests, results of which were used
to model their care (152). Support for wellbeing was enabled by CA use through monitoring
wellbeing in the conversation (130), and by enabling increased conversation experience which was
seen as assisting in reducing negative mood (154). Finally, use of a CA leveraged usual care by
providing a tool for obtaining voice samples to be analysed for voice quality and function for PD
(130, 131), and a CA intended for prompting the client to do daily activities (120). Both of these

examples enable therapeutic actions to be completed without human input.

The main types of methodology were technology description of prototype CAs and early user
testing with low sample sizes, with focus on conversation content and management. These factors
reflect the over-arching nature of the included papers being at the early development and testing

stage. The main areas of under-reporting were the NLP-related areas. This was possibly due to
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most of the studies having small participant numbers, and the focus for the testing was to check if
the overall system worked reliably. Nonetheless, the lack of planned intention to assess the NLP
domains including speech recognition, natural language generation and speech synthesis is a gap
and should be addressed in future research. Without such evidence regarding these factors, it is
difficult to appraise the reliability of the CA.

Barriers and facilitators to use and safety were poorly reported in the included studies. These
domains are of key interest to health professionals when deciding the potential applicability of the
tool for their clinical work. Given the novelty of CAs for rehabilitation, with their effectiveness not
yet being-researched, it is paramount that safety particularly be prioritized in future research.
Careful study of barriers and facilitators of CA use will assist ongoing research in streamlining
trialling to relevant types of prototypes, and optimising CA usability and real-world uptake.
Similarly, the lack of description of recruitment should be addressed in future research including at
the earlier stages of feasibility testing (4), with unbiassed, voluntary recruitment utilising informed
consent processes being implemented. For studies with just one participant, rationale should be

stated for this including difficulty recruiting, or the study design warrants it.

The clinical context of rehabilitation for brain injury, disease, or stroke is a complex one comprising
the client, the multi-disciplinary therapy team, carers, and family. Each client’s needs are unique,
and may change dynamically, due to deterioration in their condition or through gaining positive
recovery. Accordingly, any CA tool needs to be resilient to deal with these many dynamic aspects.
There are potentially a wide range of indications for using CAs in this complex setting — memory
assistance, goal setting and pursuit, education, and mood support. Some clients in this cohort
need some degree of clinician oversight whilst using a CA. Therefore, it is an imperative that the
research ‘speaks’ to the clinician — addressing effects that the clinician should know regarding
testing in their cohort, risks, benefits, validity of content development, and the recommended

duration of intervention to achieve the intended benefits.

This review has indicated the need for future translational research to progress to investigate
feasibility, acceptability, and usability of the CAs for clients, carers and family, and clinicians,
particularly to investigate which features and capabilities are needed and preferred by these
consumers. Following these mid-stages of research and development, effectiveness testing of
possible benefits of the CA on rehabilitation outcomes, as well as the risk for any unintended
negative outcomes, should be undertaken. These areas of research are necessary for ensuring
that novel technical developments in CA design and functionality can be thoroughly appropriated to

clients’ rehabilitation needs, clinicians’ requirements, and clinical service constraints.

Our review has reported the development and evaluation of CAs from a peer-reviewed research

perspective, regarding the technical description of the CAs, the ability of the CA to be integrated
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into usual care, and the perspectives of client- and clinician- end users. This contrasts to a
systematic review of commercially available CAs for dementia clients and caregivers (144) which
analysed the CAs regarding functionality and the quality of interactions using a previously
developed evaluation template (157) completed by the researchers, with no input from the
intended end-users. It also contrasts to a thematic literature analysis focusing on end-user
feedback regarding CAs used in dementia care, which highlighted the need for consulting with
intended end-users and ensuring that the CAs functionalities meet the clinical needs; however, this
review did not include description of the CAs being referred to (145). Finally, in a mapping study of
CAs used for health (98), the main areas considered were user experience, the different options for
user interactions, conversation structure, duration, and language understanding. It notably does
not discuss particular health contexts nor the need for effectiveness testing needed to validate its
use. Our review in comparison sought to discuss both the technical aspects and the health

considerations.

The nature of this review’s findings have been echoed in a much larger scoping review of ECAs
(as stand-alone software or web based interventions utilising two-dimensional or robotic
technology) used in psychology for which 54 papers were included (102). In that review, over half
of the studies were for a single condition (autism), which parallels our review with dementia
represented in five of the 11 studies. The psychology review identified that the research field was
in early stages of development and piloting, with only five studies looking at evaluation (of user
experience) and only one study was a RCT (102). Again, this is similar to our review, in that the

predominant mode of assessment was of user experience (in six of the 11 papers).

This review’s included articles all came from technological publications and no health journals. This
finding has been discussed previously in a review of SMS text-based dialogue systems used for
mental health (127). It has been noted that there is likely a number of these types of research
reported as papers and conference proceedings in technology databases, but which do not
become published in health databases, due to not achieving the required level of clinical
consideration in how they are represented (127). This could be likely due to the computer
technology and informatics audience being interested in algorithms and background software

mapping, and health professionals being interested in clinical safety and efficacy.

2.7 Conclusion

This scoping review presents the results of a broad-ranging search investigating the design and
use of CAs in rehabilitation for brain injury, disease, or stroke. The 11 included studies
demonstrated that this field of research is in its early stages, with most papers presenting
technology description and early prototype development. Nonetheless, this review’s results

demonstrate how the unique clinical needs of these cohorts have been integrated into CA
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technology, and that these CAs were able to be used by the clinical participants as reported in
initial usability testing. Given that CAs can be used on highly accessible PC and mobile technology
devices, there is much value to be gained from further research in this field, with particular
emphasis on careful translation of the technology into the real-life clinical setting, and progression
to effectiveness and safety testing. Currently though, the evidence in this field is limited, and does
not allow for any systematic review. The nature of the current evidence means that strong
conclusions cannot be made. Accordingly, clinicians should be cautious when utilising CA
technology in practice because of the lack of sufficient evidence reporting on their safety and
effectiveness for clinical use. Nonetheless, this scoping review demonstrates sufficient indication
for ongoing research in this field.

2.7.1 Implications for research

CA technological developments can occur at a rapid pace, faster than what can be thoroughly
assessed from a health perspective and imbuing a somewhat fluid nature to this field of research.
To help overcome this dilemma, clear reporting frameworks can be used to assist in ensuring that
research is conducted and reported in ways that are common across the fields of technology
development and rehabilitation. Future related research should include development of best
practice guidelines for the reporting of health CAs generally, and also specific details for
rehabilitation CAs. Developing and implementing recommendations for reporting on rehabilitation
CAs would then provide basis for more rigorous clinical trials and systematic reviews in the future.
It is those levels of evidence that will facilitate clinical acceptance and validity for use. The DEI
used in this review offers one reporting framework option, as it covers both rehabilitation and
technological domains. Other relevant frameworks include the World Wide Web Consortium’s
guidelines for cognitive accessibility (158) and WHO reporting recommendations for novel digital
health technologies (159).

Future research should importantly report on domains of safety, barriers, and facilitators for use,
and the accuracy of the CA in detecting user input and producing appropriate outputs. Co-design,
or at least regular intervals of user testing, with comprehensive feedback being gathered and
integrated into the design of the CA and its intended mode of use, is recommended. This will help
to optimise the usability, feasibility, and acceptability of the CA. Overall, a cautious approach to the
development and implementation of CAs for this setting is required due to client participants’
cognitive vulnerability and susceptibility to stress or other negative outcomes, even with a stable
model CA. The intended CA abilities need to be thoroughly determined and assured before being
used by client-participants. Research should also consider the views and perspectives of clinicians

and family members/carers, as their perspectives will help to improve the usability of a novel CA.

2.7.2 Relevance for the design and development of RehabChat
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The implications for future research stated above relate directly to the design and development of
RehabChat. Specifically, RehabChat should be developed with a cautious approach because there
is a lack of any research precedent for developing a CA for brain injury rehabilitation, and because
clients with TBI as the intended end-users for it have complex needs related to fatigue, memory,
and cognitive challenges. As such, they are at greater risk of experiencing stress or frustration
using an ECA, or for becoming unsure about the process for using the ECA alongside usual care,
compared to a healthy cohort. As well, safety issues should be actively observed for, not only
because of the clients’ clinical needs, but also because the field of CA research is still in its relative
infancy and does not yet offer a comprehensive appraisal of safety risks associated with CA use.
Similarly, current research negligibly reports on the barriers and facilitators for CA use in this
cohort. As such, these should be carefully appraised for RehabChat. Aligned with this is the lack of
agreed standards or guidelines for the development of health CAs, thus requiring that RehabChat

be developed with adherence to relevant broader guidelines for technology design.

This review helped to define the design of RehabChat regarding the style of language processing,
and also the dialogue and conversation structure used. It was decided that NLP would not be used
for RehabChat because resourcing and time did not allow for the development of this. In regard to
dialogue and conversation structure, this review helped to confirm that simple language, use of
affirmations, and a focus on what is meaningful for the client should indeed be incorporated. This
review also inherently affirmed the approach taken for testing RehabChat of commencing with
healthy participants then progressing to focus group type testing prior to a mixed methods
feasibility pilot trial, paralleling the findings of this review that most of the included papers reported

user testing in various forms.

Finally, this review’s clear finding of a lack of reporting of this field of research in health journals,
and the under-reporting of factors relating to health research themes of content validity and
recruitment processes, underscores the imperative for the RehabChat project that it reports these
factors transparently. These factors are presented in detail throughout the thesis, with much of
RehabChat’s development being focused on its content being changed in response to participant

feedback and with reference to relevant literature.

The following chapters of this thesis will describe in detail the step-wise approach used for
addressing the above considerations within the development stages of RehabChat — from in-house
testing through co-design workshops and a final feasibility pilot trial — and the use of relevant
guidelines, such as the Web Content Accessibility Guidelines (WCAG) (20, 139, 140), for ‘auditing’
RehabChat’s design. These stages were deemed necessary to thoroughly prepare the ECA ready

for a later future clinical trial.
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At all of RehabChat’s development stages, the complex clinical needs of clients were considered.
and the high priority areas of safety, barriers and facilitators, and recommendations for improving
the intended mode of use of RehabChat were appraised through participant feedback. After in-
house testing and co-design workshops, changes were made in response to feedback. For
feedback obtained from the pilot trial, this has informed the design of future research for
RehabChat at the rehabilitation settings.

This review positions the RehabChat project in the current literature landscape and indirectly
illustrates that the RehabChat project addresses the relevant requirements for adequately reporting
the step-wise development of a CA for brain injury rehabilitation.
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3 Overarching methodology: Living Laboratory

This chapter presents the overarching methodology for this project which is Living Laboratory
(Living Lab), a description of why Living Lab was chosen for this project, and details of how Living

Lab has been practically applied in each stage of this project.
3.1 Choosing a project methodology: Living Laboratory

The choice of a co-design methodology for this project was based upon three factors: able to
accommodate the unique needs of participants with a brain injury; accord with the underlying
motivational frameworks for this project of Motivational Interviewing (M) (11) and Self-
Determination Theory (SDT) (52) (see Chapter 1); and to have been successfully used previously
for technology design projects with people with brain injury or cognitive impairment. To
accommodate the clinical needs of client participants in this PhD, the project methodology also
needed to be conducted in a way that supported participants being able to extrapolate their
experience participating in the project to their real-life context. Ways this could be achieved were
for participants to have sufficient time and repeated opportunity for reflection and clarification of
ideas through iterative engagement. As well, in order to avoid increased cognitive effort, the
methodology needed to allow the participant to use the prototype artefact in their familiar setting
(such as a clinic, or their home). In contrast, if the participant used the artefact in a research
setting, it would take increased cognitive effort to imagine using it in their real-life context and to
provide meaningful feedback. For the methodology to align with Ml and SDT, it needed to facilitate
a client-centred approach, in which the focus of the research artefact was to meet client needs,

and also that the client was central to determining the focus of design.

The Living Laboratory methodology (160) (Living Lab) met these requirements in the following
ways: it integrates consultation with both client and professional end-users (161); highlights the
need to understand the perspectives, experiences and environment of the end-users (162); and
enables the research approaches to be conducted in ways that sensitively meet the needs of
clients with traumatic brain injury (TBI) (162) including helping to reduce cognitive fatigue. Indeed,
there are specific aspects of Living Lab that are highly relevant for brain injury rehabilitation
research. It allows participants repeated opportunity to provide iterative feedback during the design
project and enables them to use the artefact in their environments. This approach is helpful for
clients with TBI who have memory challenges, and/or who require extra time to understand a novel
concept. Living Lab can also include a focus of observing participants using the artefact as
intended and obtaining their feedback (user testing), with active inclusion of participants in the
actual design and creation process (participatory design) (163). Conducting iterative cycles of

consultation regarding the development of the project’s artefact, and contextualising the research

63



to the end-user’s world, helps to minimise participant’s effort in envisioning the novel tool being

developed.

Living Lab also has clear affinity with the motivational support paradigms for brain injury
rehabilitation — MI (11) and SDT (52) — in which the client’s needs and perspectives are understood
and supported within their real-life setting. Living Lab similarly seeks to understand end-user needs
and perspectives, and the real-life context of the user’s experience. Living Lab is inherently
responsive, explorative, and open-ended in its approach. At the start of a Living Lab project, it is
unknown how the project will finish (16). This approach enables iterative development of a novel
product in response to evolving consultation and feedback: this ensures the participants can
express candid priorities and personal views and opinions (17). Finally, Living Lab has been used
for the design of technology solutions for adults with brain injury and cognitive impairment,
specifically with clients with TBI living in community housing for designing smart-home technology
solutions (162), and also for development of a memory assistant for older adults with memory loss
(164). It is also the preferred co-design methodology for the Flinders Digital Health Research
Centre (FDHRC) which is the academic setting for this project. In contrast, the Delphi co-design
methodology focuses upon consensus being achieved between the participating experts (165)

without practical, integrated testing in the real-life setting.

It is important to note that whilst Living Lab includes use of qualitative research methods to engage
with participants and to achieve the defined project goals (166), it is not a qualitative methodology.
Living Lab is explicitly a methodology which seeks to reach an end-point with the design and
development of a tool. This contrasts with qualitative research which seeks to explore phenomena
of interest (167).

3.2 Overview of Living Laboratory’s five key tenets applied to this

project

Living Laboratory provides a comprehensive framework for conducting research in a real-life
context (168) through implementation of its five key tenets (160). These tenets are end-user
engagement; testing in a real-life setting; multi-stakeholder consultation; multi-method-approach;
and co-creation (160). Living Lab has been found to be the only design methodology that includes
such a comprehensive array of methodological domains (161). The approach recommends that for
stakeholder consultation, that both public and private sector entities, university academics, as well
as intended end-users are engaged (160, 163). Additionally, Living Lab emphasizes that for
effective end-user engagement, researchers should take time to thoroughly learn about and

understand the priorities of the end-users (160).
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This project was comprised of progressive stages: ideation, initial prototype development, in-house
testing, co-design workshops, and a mixed methods feasibility pilot trial. Living Lab was
incorporated at each of these stages and allowed for iterative end-user consultation, and
subsequent responsive changes being made to RehabChat. This approach was achieved through
applying the five Living Lab tenets interconnectedly (see Figure 2) as described below.

Multi-method
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Feasibility Pilat Trizl
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Figure 2: Living Lab five main tenets applied to this project

Early ideation was based on not only literature review and discussion with academic staff, but
through also through stakeholder consultation with senior clinic staff. Three ideation meetings with
senior clinicians, managers, and the research coordinator of the TBI rehabilitation ambulatory care
services were conducted in 2019. During these meetings, the relevance and viability of this project
was discussed, and it was confirmed that the project would be relevant and achievable to conduct,
and that the ECA software was overall appropriate in its design. Following these consultations, in-
house prototype development commenced, in which the ECA conversation structure and content

was initially developed with consideration given to known clinical needs of clients with TBI. During
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the next stage of in-house development, alpha and beta testing were conducted during which the
healthy participants were asked to consider the perspectives of clients with TBI and their
rehabilitation clinicians. Finally, direct consultation with clients and clinicians was achieved in the
co-design Workshops and the feasibility pilot trial. Following each stage of consultation in this
project, design changes were made to RehabChat, with these changes being reviewed in the
subsequent stage of testing. This multi-layered approach to iteratively gaining input to
RehabChat’s development helped to optimise its relevance for ambulatory care TBI rehabilitation,
and acceptability to the end-users, both of which are important factors contributing to the uptake
and implementation of RehabChat more broadly (169). The way in which each of the five Living
Lab tenets have been implemented practically in this project are discussed in detail below, and
also presented in Table 4 below.
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Table 4: Applying the five tenets of Living Lab to this project

stakeholder
participation
(see Table 5 for
details)

initial ECA prototype

Living Lab Project activities Details
tenets
Co-creation Ideation meetings Regular ideation meetings conducted with university
researchers and brain injury rehabilitation research
coordinator.
Co-creation Workshops Iterative co-creation Workshops with clinicians and clients
(see Figure 2)
Feasibility wilot trial Conduct 2-week intervention: RehabChat used alongside
usual care by client-therapist dyads
Multi In-house development of | University academic staff specialist in digital health and

PhD candidate; Clevertar P/L

In-house alpha testing

University academic staff specialist in digital health

In-house beta testing

University academic staff and PhD candidates working in
digital health

Co-creation workshops

Participants from both clinics: current and discharged
clients with TBI; clinicians

Feasibility pilot trial

Participants from both clinics: current clients with TBI,
clinicians

Real-life Recruitment Specific screening process developed in consultation with
setting clinicians
Feasibility pilot trial RehabChat used in end-users’ environment: in clinic
appointments; and client’s home
Active user Co-creation workshops Iterative cycles of consultation with clients and clinicians,
engagement and ECA prototype development
Feasibility pilot trial Client-clinician dyads used ECA alongside usual care;
mixed methods results inform further ECA development
Multi-method Multiple, varied stages of | In-house development of initial prototype (170): identify
approach testing and development | appropriate software platform; alpha testing; beta testing

Co-creation workshops (see Figure 3)

Feasibility pilot trial: client-clinician dyads used ECA
alongside usual clinical care

Use established
guidelines for assessing
the ECA

WCAG (158) domains of Perceivability, Operability,
Usability and Robustness used to construct assessment
approaches for co-creation workshops and feasibility pilot
trial

UTAUT (142) used to devise the question guide for semi-
structured interviews for feasibility pilot trial

Qualitative-type* research
design

Qualitative data collection for co-creation workshops and
feasibility pilot trial. Analysis utilised the Framework
Analysis approach (171). Data managed using NVivo
qualitative data analysis software (14)

Mixed methods research
design

Mixed methods data collation and analysis used for
feasibility pilot trial: quantitative data included the SUS
(18), standardised quantitative questionnaires for
rehabilitation engagement, motivation and system usability
(see Section 6.4); qualitative data as above.

Adapting methodology to
specific needs of clients
with TBI

Specific requirements of the brain injury rehabilitation
clinics and of the clients’ clinical needs have were
integrated into the project’'s methodology (see Table 6)

Legend: * = Whilst Living Lab may utilise qualitative research methods to achieve defined project goals (166, 172), it is
not a qualitative methodology exploring a phenomena of interest, but instead seeks to reach an end-point with the design
and development of a tool (167). WCAG = Web Content Accessibility Guidelines. UTAUT = The Unified Theory of
Acceptance and Use of Technology assessment framework. SUS = System Usability Scale
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3.2.1 Real-life setting

The real-life setting of the clinics has been incorporated into the two main stages of development
for RehabChat: in the co-design workshops by recruiting clients and clinicians from both clinics,
and into the feasibility pilot trial by situating it in the actual clinic setting and client’'s home setting.
The clinical settings for this research project were two brain injury rehabilitation services, both part
of the state-wide public rehabilitation services. Both services provide inter-disciplinary rehabilitation
for adults with brain injury (ABI), offering tele-rehabilitation and in-person clinic and/or community
appointments. One service provides care to adults with moderate-severe ABI (ABI arising from any
cause including TBI), and the other provides care to adults with mild TBI (173). The research co-
ordinator for these state-wide services consulted on finer points of methodology relating to the
clinical application of the project within the real-life clinic settings was the site contact person for
this project. This project was also conducted in the client’'s home environment: the client-
participants in the feasibility pilot trial used RehabChat at home in-between their clinic

appointments.

In regard to applying the research to the real-life setting, this project takes the testing to the
participants’ context. This is in contrast to the alternative Living Lab approach of creating a
purpose-built setting which mimics the user’s setting and to which the intended end-user must
enter and experience (162). This latter alternative approach, although allowing researchers to
control for variables more easily, would be less supportive of clients with TBI when providing

context-specific feedback.

3.2.2 Multi-methodology

Multiple and distinct methodologies were carefully chosen and implemented in this project using
the Living Lab approach. These methodologies can be grouped under in-house development, the
co-design workshops, and the feasibility pilot trial. All methodologies needed to meet both the
clinical needs of clients (see Table 6) as well as technological recommendations for digital
technology development such as the Web Content Accessibility Guidelines (WCAG) (20, 139).
Additionally, specific approaches were chosen for appraising the relevant peer-reviewed literature:
a broad-ranging literature review to gather sufficient rationale for this PhD (see Chapter 1), and a
more focussed scoping review to consider the green field of the use of CAs for rehabilitation for

people with brain injury, disease, or stroke (see Chapter 3).

In-house development included iterative testing through alpha and beta cycles of testing, with
changes made to RehabChat following each round. For the co-design workshops, three rounds of
consultation meetings were held separately for each of three sub-cohorts (current clients,
discharged clients, clinicians), followed by a final fourth meeting incorporating all three groups (see

Figure 12 in Chapter 5). Following each meeting, audio recordings were taken, and a transcription
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finalised for each recording. This qualitative feedback was analysed using a Framework Analysis
approach (171). Framework Analysis is used in qualitative research including for research
conducted by multi-disciplinary teams (171). It enables data analysis to proceed in a transparent
way to a pre-defined purpose (for this project it was to identify feedback that would directly impact
upon the design of RehabChat) and can be done for studies involving 1:1 interviews or focus
groups (in this study these are called co-design workshops) (171). Iterative changes were made to
the ECA in response to findings of the data analyses.

In the feasibility pilot trail, client-clinician dyads used the ECA alongside usual rehabilitation care.
The clinician provided clinical oversight for their client during the trial to ensure client safety and
wellbeing, and that rehabilitation goals and practice activities were suited to the client’s needs (see
Figure 4 in Chapter 3, and Figure 11 in Chapter 4). A single-case series A-B-A research model
was used due to the likelihood of low numbers of recruited clients. This research design has been
used previously in stroke rehabilitation research (174). Each of the ‘A’ phases lasted for one week,
and the ‘B’ phase for two weeks. The client-clinician dyads used the ECA for two weeks, alongside
usual multi-disciplinary rehabilitation care. The feasibility pilot trial included mixed methods data
collection and analyses comprising semi-structured interviews, and completion of quantitative
outcome measure questionnaires related to rehabilitation and validated for this cohort, and the
System Usability Scale (SUS) which, although not validated for use in this cohort, has simple

wording and is short (18).

3.2.3 Active engagement by intended end-users

The primary end-users for this project were clients with TBI of either clinic. The eligibility criteria
were having a diagnosis of TBI, able to give own consent, and able to use an iPad. The auxiliary
end-users were clinicians of either clinic. The unique clinical needs of clients with TBI were
considered closely when designing this project’'s methodology, rather than clinicians’ needs, due to
clients having specific clinical needs regarding communication, memory, and cognitive fatigue (see
Table 6). Nonetheless, clinicians’ needs were also considered and addressed by designing the
feasibility pilot trial to be minimally invasive upon their work-time and upon how they usually
provided care. This was achieved through designing the content of RehabChat to match
established rehabilitation approaches of goal-setting and progress review (33, 67), which is further

described in Chapter 4 and has also been reported previously (170).

3.2.4 Multi-stakeholder participation

Consultation with multiple stakeholders has occurred during all of this project’s stages.
Consultations were held with intended end-users to achieve co-creation of RehabChat (see next
section) and with multiple other stake-holders. These other stakeholders included the PhD

supervision team comprising expert academics from the fields of Living Laboratory, computer
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science, rehabilitation, and/or digital health. Regular consultation was held with the PhD
supervisors throughout the whole project. A key stakeholder was the Research Co-ordinator for the
collaborating brain injury rehabilitation services, who was consulted during all project stages except
for alpha and beta testing. Clients and clinicians were consulted during the co-design workshops
and feasibility pilot trial. Early ideation meetings were held in 2019 with senior clinical and
management staff of the collaborating brain injury rehabilitation services (formal meetings firstly
with the Research Co-ordinator, and later with senior administrative and clinical management; and

a semi-formal discussion with middle management, senior clinicians, and staff clinicians).

Table 5: Stakeholders' participation in project

Stage of project

Stakeholders IDENTIFY SOLUTION SOLUTION PROTOYPE REFINED
PROBLEM CONCEPT DESIGN SOLUTION SOLUTION
(need to (motivational (alpha & beta | (co-creation (feasibility
leverage care) | ECA) testing) workshops) pilot trial)

PROJECT TEAM MEMBERS:
university academic PhD N N N N N
supervisors & PhD candidate

ACADEMIC STAKEHOLDERS:
other academic staff and PhD \/
candidates

PUBLIC EXTERNAL
STAKEHOLDER: \/
Senior clinicians and managers
from collaborating clinics
PUBLIC EXTERNAL
STAKEHOLDER: \/ \/
clients and clinicians from
collaborating clinics
PUBLIC EXTERNAL
STAKEHOLDER:
Information Technology, & \/
administrative staff from
collaborating clinics
PRIVATE EXTERNAL
STAKEHOLDER:

Clevertar Pty Ltd (175), Chief \/ \/ \/ \/
Technical Officer

SOLUTION DOMAIN EXPERT:
Research Coordinator for brain N N N N
injury rehabilitation clinics

END-USER POPULATION:

Clients with TBI — current clients N N
END-USER POPULATION:

Clients with TBI - discharged N

clients

END-USER COMMUNITY

REPRESENTATIVE: N N

Clinicians of collaborating clinics

Legend: TBI = traumatic brain injury

Technical aspects of the project were discussed with the Chief Technical Officer (CTO) of the

software company Clevertar Pty Ltd (175) (Clevertar) who provided the Clevertar Virtual Human
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software for this project. Clevertar was not involved in conceptualising or assessing RehabChat.
Clevertar provided pro bono use of the ECA software for this project as well as free technical
support. Formal annual meetings were held with Clevertar's CTO to advise on the project’s overall
purpose and progress and to clarify how RehabChat would be presented in the thesis. Additional
email communication was also had with the Clevertar CTO from In-house testing stage through to
the end of the project, to enquire about technical capabilities of the ECA software, and to resolve
occasional software glitches.

Further stakeholders were involved for determining how to integrate RehabChat into the clinic
setting for the pilot trial. These people included the senior service manager, administration staff,
electronic case-note managers, and Information Technology staff. Through consulting with these
professionals, a streamlined way was organised for how RehabChat could be accessed alongside
usual care, both via tele-conferencing and by being loaded onto clinic iPads, and for automated

summary e-record entries.
3.2.5 Co-creation

Co-creation — or co-design — in Living Lab refers to how input from participants directly informs the
design of the project’s artefact, which can occur iteratively throughout the project’s duration (163).
Participants in this project included the intended end-users and the multiple stakeholders (see

sections above).

A considerable aspect of Living Lab is co-design with intended end-users. Co-design with intended
end-uses should be conducted when developing a novel digital health tool — such as an embodied
conversational agent (ECA) for rehabilitation — to optimise the tool's usefulness and improve its
acceptability (176). Co-design enables the researchers to identify the unique needs and
perspectives of the intended end-users, which is particularly relevant when working with adults with
traumatic brain injury (TBI) in order to accommodate participants’ needs including cognitive fatigue
and memory challenges. Co-design has previously been implemented in brain injury rehabilitation
research for varied purposes. Examples of this include creating solutions relating to employment
(177) and strategies for self-management (178), and for developing telerehabilitation services
(179). A range of co-design approaches previously used with participants with learning disabilities
(172) are also relevant for participants with TBI. These approaches include acknowledging and
acting upon participant choices and feedback, thus empowering participants to perceive
themselves as active influencers in the project; and ensuring that the materials and content
delivered in co-design sessions match participants’ abilities incorporate using cognitively similar

approaches across different sessions (172).

Co-design in this project was achieved through recruiting clients and clinicians from the clinics, and

having regular consultation with the site research coordinator throughout the project. Co-design
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helped ensure that iterative design changes to both RehabChat, and also to how the project was
being conducted, could be implemented in a responsive manner. The multi-disciplinary supervision
team for this PhD project have experience in computer science, Living Lab methodology,
rehabilitation, digital health technologies, and in implementing research in clinical settings, and
provided expert guidance for the whole project. Input from all of these participants has influenced
how RehabChat has been created, with particular emphasis on meeting the clinical needs of
clients in both the purpose and content of RehabChat, and in how the project was conducted (see
following section).

3.2.5.1 Addressing the clinical needs of end-users

In order to achieve effective co-design with client end-users in this project, it was necessary to
address their clinical needs in how the methodology was designed. The process for this is
presented below. This project contextualised the development of RehabChat within the real-life
clinical setting so as to best ensure it will meet the needs of both clients and clinicians. This aligns

to Living Lab’s tenet of focussing on the real-life setting and the needs of the intended end-users.

Using a Living Lab approach has meant that the specific requirements of the clinical setting were
closely considered and integrated into the project activities. This was achieved through responding
to feedback from ideation discussions with stakeholders and responding to feedback from beta
testing (see Chapter 4). This feedback identified specific clinical requirements needing to be
accommodated in the design of the project activities (see Table 6). Integrating these
considerations was essential to ensuring that client participation was optimally supported.
Optimising participant support was important for improving feedback quality, which in turn better
informed the usability and acceptability of RehabChat.
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Table 6: Design of project activities to integrate clinical considerations - client needs; requirements of brain injury rehabilitation settings

Project activity

Clinical considerations

How considerations integrated into design of each activity

Screening &
recruitment

Eligible clients may have other issues (e.g. social stressors, other
health challenges) precluding their participation

Clinicians who know clients’ needs decide on client’s eligibility, suitability

Client's trust of project improved if clinic staff, rather than research staff,
make initial contact

Screening clinician contacts client

Client may forget to reply to initial information provided

Screening clinician to do follow-up phone call if no reply by RSVP date

Co-creation workshops

Three sub-cohorts have unique perspectives

Inherent power differential between clinicians and clients

1st, 2n 31 rounds of workshops conducted with each cohort in separate
meetings

All sub-cohorts together - reassures participants that feedback has
been treated equally and collectively

4" workshop conducted with all cohorts together

Clients use ECA on the intended device (iPad) so better able to imagine
use in clinic

Use ECA on iPad at each Workshop

Using ECA is a new and cognitively demanding experience for clients

First, the training module practised by participants, then parts of the
rehabilitation module

Feasibility pilot trial

Clients may require simple, repeated cues for how to use ECA

Participants first complete ECA training module and assessment

Clinician aware of their specific role in providing oversight

Clinicians receive additional training about their role

Possible challenges recruiting clients with TBI; likely small Ss

Statistical model: single case series design, A-B-A model

Client made aware ECA being tested, and not a proven treatment

Explain in recruitment. Short ECA testing phase of two weeks;

Monitor variations in well-being in clients

Pre-trial, during and post-trial repeated measures to assess anxiety,
depression, energy, and motivation

Clients with TBI can experience fatigue

Clinicians educated to screen for this. Client can take rest breaks when
using ECA

Outcome measures should match needs of clients

Outcome questionnaires validated for cohort, except SUS (18) which has
simple wording and is short

Usual clinical care ongoing to ensure optimal clinical outcomes

ECA to be used alongside usual care in usual clinic service delivery model

Legend: ECA = embodied conversational agent; TBI = traumatic brain injury; SUS = System Usability Scale




3.2.5.2 Specific approaches for screening and recruitment

Client needs were specifically considered when designing the Screening and Recruitment
process for both the co-design workshops, and the feasibility pilot trial. The screening
process was developed iteratively through consulting with the research coordinator of the
collaborating brain injury rehabilitation services, and staff champions. Key aspects decided
for the screening process were that the clinicians conducted eligibility screening of the
clients as they would have insight about each client’s needs and social situation because
factors apart from eligibility criteria may determine if the client will be suitable for participating
in the study (for example, if the client was experiencing other considerable demands related
to managing their home life or returning to work). Results of the screening and recruitment
processes were collected according to the Consolidated Standards of Reporting Trials
(CONSORT) recommendations for feasibility studies regarding criteria to be reported for
screening and recruitment (4). See Chapter 4 for details of the screening and recruitment

process.

Specific aspects of the recruitment process were also designed to meet client needs.
Establishing trust with potential client-participants was prioritised as it was identified that
trust affects the client’s openness towards considering participation in the study. To help
establish trust about the study, a familiar clinic staff person contacted each eligible client to
invite their interest in participating and ask if they would like an information brochure emailed
to them. The staff person would also follow up with the client following this regarding if they
would like to speak with the research person regarding participation. To facilitate a
supportive approach when recruiting client-participants, a separate participant information
and consent form was developed for clients (see Appendix X). This used simpler language

compared to the version for clinicians (see Appendix 1X).

3.2.6 Use of Living Laboratory for in-house development, co-design

workshops and feasibility pilot trial

The methods developed for in-house development, co-creation workshops and the feasibility
pilot trial, as well as for the associated elements of eligibility screening and recruitment, and
for appraising usability of the ECA, are presented in Table 6. Details are provided in Table 6
on how these activities were designed to accommodate and support the complex setting of
brain injury rehabilitation, and the specific clinical needs of clients with TBI. These methods

were developed through consideration of beta feedback, working within the technical
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capabilities of the Clevertar Virtual Human software, and having ongoing consultation with
academic stakeholders and the research coordinator for the ambulatory care brain injury

rehabilitation services involved in this project.

The five main tenets of Living Lab were used more comprehensively in the co-design
workshops and feasibility pilot trial, than during the earlier in-house work. This was because
the latter two larger parts of the study were conducted directly with end-users. Nonetheless,
end-user needs and the intended real-life setting were closely considered during in-house
development and testing by both the researchers and the healthy participants.

Below is an overview of how Living Lab has been applied for the in-house testing, co-design
workshops, and the feasibility pilot trial. For each of these projects, a description of how
each of the five main tenets of Living Lab are implemented is provided.

3.2.7 In-house development

In-house development, including details of alpha and beta testing, has been previously

reported in (170), and is presented in detail in Chapter 4.
3.2.7.1 Alphatesting

Active involvement of end-users: Academic supervisors were the participants: whilst
completing the testing, they were asked to consider the perspective of clients and clinicians

of brain injury rehabilitation setting.

Real-life setting: The real-life setting was indirectly represented through the participants
considering brain injury rehabilitation whilst completing the testing. This approach is
defensible because alpha testing is focused on identifying technical issues rather than on

nuancing the clinical contextualization of the product.

Multi-methodology: The purpose of alpha testing was to identify and resolve any technical
glitches, and to gather preliminary feedback on its clarity, user experience, and potential fit-

for-use. Modifications to RehabChat would be made in response to this feedback.

Multi-stakeholder engagement: Academic PhD supervisors participated. Clevertar

provided technical input if required.
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Co-creation: Client and clinician end-users were not engaged in alpha testing. Feedback

from the academic participants resulted in changes being made to RehabChat.
3.2.7.2 Beta testing

End-user engagement: Client and clinician end-users were not engaged in this sub-project;
however, their perspectives were considered by participants: participants asked to adopt the
perspective of either a clinician or a client

Real life setting: Participants were asked to consider the context of a brain injury
rehabilitation service

Multi-methodology: User Experience testing with healthy participants (this has been
previously reported for a CA for stroke rehabilitation (156). Participant feedback was

analysed using the Framework Analysis approach (171).

Multi-stakeholder consultation: Participants for beta testing were PhD candidates and
academic staff with experience in digital health and/or neuro-rehabilitation. Clevertar

provided technical support if required.

Co-creation: Findings of data analysis of participant feedback resulted in substantial
changes to RehabChat, including clarifying the purpose and content of RehabChat, and also

the mode of use intended for it in the real-life clinic setting (see Chapter 4).
3.2.8 Co-design workshops

Co-creation: The co-creation workshops were designed to ensure that the unique
perspectives of the three sub-cohorts (current clients, discharged clients, and clinicians)
would be clearly expressed, by conducting separate meetings for these groups in the first
three rounds of workshops (see Figure 3). This model ensured that inherent power
differences between the clinicians and clients could be managed. The final fourth workshop
was conducted with all participants together to demonstrate that all feedback was

considered equally in informing the design of RehabChat (see Figure 3).

During each of the workshop meetings, participants used the ECA on an iPad. The
participants were first taught to use the ECA by practising the training module. Following
this, they could ask any questions whilst using parts of the rehabilitation module. Using this

supportive approach created an immersive, and less cognitively demanding experience

76



rather than if the researcher merely demonstrated ECA use on an iPad or through an audio-
visual presentation. It also facilitated participants being able to express their responses in
real-time , which in turn allowed for more open and thorough feedback and discussion
amongst participants. The workshops allowed participants time to contemplate what they
thought, to express their views, and compare with other’s views. This is different to

answering a questionnaire independently of others input (17).

Active end-user involvement: Clients and clinicians from both clinics participated in all four
workshops. Both current and discharged clients were recruited, in order to allow people who
had already completed their care to look back and see if their perspectives had changed
from when they were a current client, and to also consider the discharge time period of their
rehabilitation journey in which they transitioned from the support of a therapy team.

A guide for conducting the workshops was developed which enabled the researchers to
respond to the participants’ feedback in real-time and to ensure the workshop discussions

were user-centred rather than researcher centred.

Real-life setting: The focus areas for the semi-structured discussions in the workshops
were motivation in rehabilitation, user preferences for the design of RehabChat and its
content, and how best to integrate RehabChat alongside usual rehabilitation care. In this

way, the real-life setting was considered.
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Figure 3: Series of four co-design workshops with current clients, discharged clients, and
clinicians

3.2.9 User experience testing —the preliminary part of the feasibility pilot

trial

A specific approach was implemented for user testing of the refined prototype developed at
the end of the co-design workshops. Clinicians recruited to the feasibility pilot trial received
initial training in how to use RehabChat, and also about their role as a supervising clinician.
They then participated in user testing during which they used RehabChat freely, gave open-
ended feedback about their experience and opinions, and answered semi-structured
guestions. This approach to user testing enabled the prototype to be checked for obvious
usability issues or design problems in a contextualised but time-efficient way. Feedback for
user testing resulted in a small number of important changes to RehabChat (see Chapter 6,
Section 6.5.2).
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Real-life setting: Participants were clinicians of the two clinics.

End-user engagement: Clinician using RehabChat and providing feedback
Real-life setting: Clinician considers use of RehabChat in their clinical work
Multi-stakeholder consultation: Clinicians, Clevertar, clinic I.T. staff
Multi-methodology: User testing; iterative approach to prototype development

Co-creation: Clinician feedback is integrated into RehabChat; and this refined prototype is
used in the pilot trial.

3.2.10 Mixed methods feasibility pilot trial

The mixed methods feasibility pilot trial was focussed on testing feasibility, usability, and
acceptability (see Chapter 6). Figure 4 below shows how the RehabChat ECA was
integrated alongside usual care. Participants received initial one-to-one training to use
RehabChat with support of the researcher. This training incorporated each participant
receiving a user guide, completing the ECA training module and being able to ask questions.
This approach promoted ease of learning for participants, and in particular reduced cognitive
demand for clients in the lead up to using RehabChat during clinical care. Client needs were
further supported through ensuring that the dyad clinician received further training for their
role of providing clinical oversight regarding ensuring that the set goals were meaningful for

the client and comprised the SMART aspects (17), and in monitoring the client’s well-being.
Active user involvement: Clients and clinicians involved as dyads
Real-life setting: Integrated for use alongside usual rehabilitation care.

Multi-methodology: Real-world use; qualitative 1:1 semi-structured interviews; quantitative

data obtained from questionnaires for clinical outcomes and usability.
Multi-stakeholder engagement: Clevertar, clients, clinicians, clinic I.T. staff

Co-creation: Feedback from client and clinician participants has helped design a blueprint

for future testing and development of RehabChat.
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3.3 Appraising this PhD project alongside relevant Living

Laboratory literature for brain injury, disease, and stroke

This section will present an overview of relevant Living Lab research relating to rehabilitation
for brain injury, disease, stroke, and physical disabilities, and highlight from these studies
factors which are relevant to the current PhD project. It is useful to appraise this literature so
as to identify Living Lab approaches that may assist in future developments of RehabChat,
particularly as this cohort has unigue preferences in how to be engaged during research
participation (180). In Living Lab, all participants are respected and seen as actual co-
creators in the design process (181). It is through effective consultation with participants that

client need cans be optimally addressed in the design and content of a novel device (164).

3.3.1 Living Laboratory research for participants with acquired brain

injury, stroke, or physical disabilities

A large-scale, ongoing Living Lab project in Victoria, Australia investigating the optimal
design of stroke rehabilitation facilities — NOVELL — was launched in 2020 (182, 183).
NOVELL comprises a multi-disciplinary team of researchers — clinicians, neuroscience
researchers and architects — working to produce virtual designs which can be trialled by
participants — clients, family. NOVELL uses in-depth consultation and rigorous testing as
outlined on their web-site (182, 183). This study is similar to the RehabChat project in that it
included a non-clinical profession in the stakeholders (architecture) similarly to the current
project which collaborated with Clevertar Pty Ltd and the clinics’ information technology and

management staff.

A current Canadian Living Lab study — BRILLIANT Rehab — (184) is a large Living Lab
project design to improve community mobility for people with acquired brain injury. The
website for this project promotes that it engages closely with end-users and seeks to deeply
understand their needs and expectations (185). This parallels the RehabChat project in
which end-user consultation explored the clients’ experiences of motivation and goal-
achievement in during rehabilitation. Another Canadian Living Lab study (162) reports on a
14-year project for a purpose-built residential unit for clients with brain conditions including
TBI. Cognition-supporting technologies for enabling community living are designed in
consultation with clients, clinical researchers, and care givers for implementation in the unit
(162). This paper also describes the two key approaches to designing a Living Lab testing
environment — having a more controlled, purpose-developed living environment such as

described in this paper; or utilising a more open-ended environment for testing a product

81



such as in the client’s own home. The authors also comment that factors such as the
manner in which the tool is implemented, and the rate of progression it goes through in the
testing cycles should be well considered (162). This parallels the considerations for the
current project, in that testing was done in the more open-ended contexts of rehabilitation
clinics and the client’'s home, because it needed to be tested alongside the variability of both
settings. As well, this project took a stepwise approach to developing RehabChat, allowing
for iterative feedback to be provided by participants during the four rounds of co-design
workshops, prior to then testing in the real-life settings. Another large Canadian study
investigating ways to optimise social inclusion across the lifespan of people with physical
disabilities in a shopping mall environment (186) engaged with a range of community
stakeholders. This aligns with the RehabChat project consulting with a large range of

stakeholders.

3.3.2 Living Laboratory research with older adults with cognitive

impairment

There appears to be increasing interest and recognition in the use of Living Laboratory to
solve the unique needs of older adults living with dementia. A recent scoping review (2021)
(187) identified Living Lab projects focused on developing health and well-being products or
services, including for example an assistant robotic, dance therapy, and a personal reminder
calendar (187). This review identified that the design of the Living Labs included broad
stakeholder consultation — with clients, family, researchers, entrepreneurs, and clinical
professionals. In the included studies, testing was done in the real-life setting (community or
care facilities) including with multiple sensor and data collection tools, or in specially-
developed Living Lab living environments. The review focuses on the studies’ outcomes and
results, noting that favourable results were generally achieved. However, it also notes that
this area of research is small, with this likely being because of the difficulties of involving
clients with cognitive impairment in co-creation activities (187). For the current RehabChat
project, the involvement of clients with TBI was supported through providing regular cues
and extra time for when clients were using the ECA during the co-design workshops, and
also during each 1:1 training session at the start of the feasibility pilot trial. As well, during
the pilot trial, ongoing clinical oversight and twice weekly researcher phone calls were
provided as additional support to accommodate any concerns or difficulties encountered by

the participants.

In another recent Australian Living Laboratory study by Pedell et al (2019) (181) involving
people with dementia (PwD) to co-create an interactive app for social interactions, the

authors note that more creative approaches to designing the methodology are warranted in
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order to accommodate participants’ cognitive needs. In this study, they developed the app so
that participants could interact with content that is aligned to their interests not just with
aspects to do with dementia. They also recruited dyads of a person with dementia and their
support person (181). These factors were similarly represented in the RehabChat study: the
ECA allowed for personalised content to be entered into it, and client-clinician dyads were

recruited for the feasibility pilot trial.

Previous research has focussed on how best to engage older adults with dementia when
participating in a Living Lab design project (180). Key aspects include keeping participants
informed on the progress of the study, and how their input has contributed to the project
outcomes. As well, participants’ needs should be considered: for example, the need to
accommodate or avoid fatigue, and to adjust for the cognitive ability of participants. It was
also found that participant motivation for being in the study was related to valuing the
importance of contributing to a research project, and that the topic being researched was
meaningful to them personally (180). These findings align with the current PhD project in that
both the co-design workshops were conducted at a pace that suited the client participants,
and that for the feasibility pilot trial clients were able to focus the ECA content on
rehabilitation goal that was meaningful to them. As well, feedback included that a client
participant valued being able to participate in the project and contribute to its outcomes.

Similar findings were highlighted in a 2020 scoping review on how Living Lab research with
older adults for developing assistive tools for daily living and well-being including digital
technologies (Knight-Davidson et al 2020) (188). This review recommends that researchers
should be aware of the motivations and emotional experiences of participants during the co-
design process, and adopt a flexible approach to conducting the research in order to
accommodate fluctuating or decreasing abilities such as in communication (188). This is
similar to the RehabChat research in that the use of clinician oversight and twice-weekly
researcher phone calls were incorporated which accommodated the potentially fluctuating

clinical needs of clients, including their well-being status.

In a recent Living Lab protocol (2019) (189) for co-creating assistive solutions for people
living with dementia, the study design included monthly co-creation meetings to identify
needs and solutions, and to review products being iteratively designed in response to
feedback (189). This protocol also proposed that participants could take the prototype home
to use in their own environment. For the current project, the co-design workshop meetings
were similarly held at two-three weekly intervals, and during the feasibility pilot trial the ECA

was taken home by the client to use for completing the practice activities.
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A recent paper (2020) (190) reports on a 20-year Living Lab project which has focused on
older adults with dementia living in residential care. This project incorporated multi-
stakeholder (clients, family, clinicians, and education and policy professionals) consultation
comprising a network of collaborators across a region inclusive of 110 care facilities
(southern area of The Netherlands), rather than being based around a focus site.
Consultation feedback was considered and applied to the local setting through to the policy
level [vertically], and between the stakeholders and scientific experts for development of
identified needed products and services [horizontally]. This project also influenced health
policy legislation, hosted student placements, and conducted public forums (190). Despite
this 20-year project being very much larger than the current study, there are some parallels.
The RehabChat study collaborated with two brain injury rehabilitation which provided
services across a broad region of the whole state. Also, consultation for this project involved
a wide array of stakeholders as needed including senior management, information
technology, and case-note administration staff, as well as clients and clinicians from the

rehabilitation services.

Finally, a Living Lab project conducted by the Flinders Digital Health Research Centre
(FDHRC) for designing a memory enhancement application (164) utilised similar research
approaches to those being used in the current RehabChat study including: clarifying the
design and content of the application to meet the needs of a specific user cohort —
community-dwelling older adults with early memory loss —; conducting co-design focus
groups with caregivers to refine the design of the app; and then implementing user testing of
the tablet-based app with the five participants with early memory loss (164). User feedback
was positive and provided input to the iterative design approach used for the application.
This project demonstrates the application of living Lab for a smaller project in which testing is
done in the user’'s home setting. As such it accords with the methodology for the RehabChat
project. It also important to note that at the FDHRC the preferred design methodology is
Living Lab. This factor was another key consideration when choosing Living Lab for this

RehabChat project which was also conducted at the FDHRC.

3.4 Conclusion

Using Living Lab in this project provided the necessary framework for appraising and
addressing the complex clinical needs of clients and aligning the design of RehabChat and
its intended mode of use to the clinical setting. Living Lab importantly enabled an iterative
approach for developing RehabChat which included close consultation with end-users and

necessary engagement with multiple other stakeholders. By implementing the overarching
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foci of Living Lab of close attention to end-user needs and contextualising RehabChat’s
development to the real-life setting, this project has optimised that RehabChat would more
be a relevant, usable, and acceptable tool for the brain injury rehabilitation setting.
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4 Design and development processes

The in-house development of RehabChat has been reported in a previous publication (170)
(Hocking J, Maeder A. Motivational Embodied Conversational Agent for Brain Injury
Rehabilitation. In: Maeder A, Higa C, van den Berg M, Gough C, editors. Telehealth
Innovations in Remote Healthcare Services Delivery. Global TeleHealth 2020 [Internet].
2021(277). p. 37-46. DOI: 10.3233/SHT1210026). The following sections of this chapter
include content from the approved pre-publication manuscript version of this publication, with

some small editing changes made to improve parsimony:

e Section 4.4.1.1 Feedback received in alpha testing

e Table 10: Alpha Testing Alpha testing feedback and design changes made in
response

e 4.4.1.2 Changes made to alpha prototype

o 4.4.2. Betatesting

e Table 11: Beta testing feedback — main themes

This chapter presents the key processes and considerations for designing and developing
RehabChat. The theoretical frameworks that have informed the design of RehabChat
including the ECA itself and its intended mode of use, are explained. The specific stages of
development of RehabChat are also presented. These stages included: choosing
appropriate software, initial prototype development, alpha testing to assess general
workability of the ECA, and beta testing to appraise the clinical relevance and potential
usefulness of the ECA. These stages of development provided the basis for refining an ECA
model ready to be tested by clients with traumatic brain injury (TBI) and brain injury
rehabilitation clinicians in the subsequent co-design workshops and feasibility pilot trial. The
remainder of this thesis demonstrates further how the design and development
considerations presented in this chapter were applied to the co-design workshops and mixed

methods feasibility pilot trial.

The RehabChat ECA prototype was developed in-house at the Flinders Digital Health
Research Centre (FDHRC), Flinders University. The overall concept for this project was
based upon the results of the background literature review (see chapter 1). It was also
discussed with and agreed upon by key stakeholders (senior clinical and management staff
of the collaborating clinics, and the chief technical officer of Clevertar Pty Ltd who supplied
the ECA software) during 2019.

4.1 Introducing RehabChat
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RehabChat is an embodied conversational agent (ECA) designed for brain injury
rehabilitation. RehabChat was developed using the Virtual Human software platform by the
Adelaide-based company Clevertar Pty Ltd (175) (Clevertar). This ECA software can be
downloaded onto a laptop or desktop computer, mobile phone, or tablet. For this project, the
software was loaded onto an iPad or personal computer using the Chrome internet browser.
RehabChat’s user interface (Ul) comprises an avatar on the left side and the dialogue text
bubbles on the right side. The avatar speaks and then the spoken content is displayed in a
text dialogue bubble on the right side. The user can enter responses using typing and
clicking on choice options (see Figure 6 and Appendix V). Appendix V includes screen shot
images demonstrating key aspects of RehabChat including the management portal and the
Ul and the ECA being used. Each of the images is headed by brief explanatory notes which
highlight key points included in it.

4.1.1 Visual display of RehabChat

This section presents the how RehabChat is visually displayed including the ECA launch
button, the functionalities and layout of RehabChat’s Ul, and the way in which the ECA
conversation progresses. RehabChat was deployed on a personal computer or iPad: on the
participant’s personal computer for alpha and beta testing, university iPads for the co-design
workshops, and on clinic iPads for the feasibility pilot trial. The software’s Ul shows a
human-like speaking avatar, and speech bubbles showing the text of what the avatar has
just spoken as well as the answers that the user enters (see Figure 6). The RehabChat
avatar demonstrated subtle gesturing, and facial expressions. The human user responds to
guestions and comments from RehabChat by clicking on buttons or typing in responses.
Each set of bubbles was separately colour coded to indicate content by the ECA or from the
user. The upper right corner of the Ul included a minimise button to use for closing the
software, and in the lower left corner a mute button which could be used at any time the user

wanted to just read the content as text (see Figures 6 and 7).

Used in co-design workshops Used in feasibility pilot trial

&
Click here to start your RehabChat conversation - .

Figure 5: ECA launch button
The visual display and conversation content of RehabChat evolved through the various

development stages of RehabChat in response to participant feedback and
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recommendations. For example, the ECA launch button was significantly simplified for the
feasibility pilot trial (see Figure 5). As well, the design of the user interface (Ul) was updated
from a 50 — 50 display as used in the co-design workshops (see Figure 6) to a one-third —
two-thirds display for the feasibility pilot trial (see Figure 7).

The opening dialogues of the ECA conversation were developed to be welcoming and to
establish rapport through the avatar and the user both sharing their names (see Figure 6
screenshot 1). These opening dialogues were also developed to require only simple
engagement by the user (see Figure 6 screenshot 2.). The user could also choose to skip

over listening to the avatar speaking, and progress to just reading the dialogue content.

The ECA dialogue structure offered different options for user input. These included free text
entry in response to an avatar question, with cues written just above the text entry box (see
Figure 6, screenshot A.); and being able to click a response from multiple choice options
(see Figure 6, screenshot B). The way in which the ECA conversation was designed was to
be easy to navigate, and to incorporate content from the user’s entered responses within

subsequent dialogues (see Figure 6 screenshots A. and B.).
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68

Opening dialogues: two screenshots showing progression of of conversation in initial interactions

RenabChat. My name is Jo and I'm your
ch. | hope you enjoy your conversation. Click

Hello! WELCOME to RehabChat My name is Jo
and I'm your RehabChat Coach. | hope you enjoy
your conversation. Click below to start!

Wnat is your name? Please write it below. Just use
your first-name or nick-name, and don't use your
surname.

first name or nick-name; don't use
sumname

1. Opening screen

Goal-setting conversation: two screenshots showing progress

ion of conversation in setting rehab prioritiy

How does that sound?

in your RehabChat conversation Jil, there are 4 main parts
These 4 parts are:

- Setting YOUR GOAL

- Designing YOUR HOME PROGRAM
- Supporting YOUR PRACTICE. and
- Reviewing YOUR PROGRESS

Well now go through the steps for setting YOUR GOAL

The first step s for you to choose a priority that you want to
focus on during your rehabs for example, running cooking, or
shopping.

Complete the following sentence:
My rehab priority is to focus on improving my

A. Early example showing overall conversation structure; free text entry

2. Text entry for user’s first or nickname; button to skip speaking & go to next dialogue

The first step is for you to choose a priority that you want o
fo ing your rehab: for example, running, cooking, or

the following sentence:
y s to focus on improving my

hy improving your
focus on by

mproving my cooking ability is

important for me to focus on because |

You've completed setting your renab priority Jill
Your renab priority of improving your cooking ability is
motivating for you because you want to be more

ndependent

How does that sound?

Yes, that sounds right No, | need to change it
Take me back a few steps

B. Use of entered text content in subsequent dialogues; multiple-choice options

Figure 6: ECA user interface functions — version used in co-design workshops




Components of the Ul display include the button for minimising the avatar which, when clicked,
minimises the Ul to the launch button (see Figure 5) the response panel where the user enters
their response, and options for silencing the avatar (see Figure 7). The design of the Ul for

RehabChat was focused on improving visual comfort and intuitive use for the user.

e uton

i WelconW! I'm glad you've joined to leamn to use
RehabChat. My name is Jo, and I'm your

; RehabChat coach

S .

ECA user interface layout. Options for silencing the avatar: mute button or click on avatar;

Figure 7: ECA user interface layout — version used in feasibility pilot trial

4.1.2 Clevertar Virtual Human software platform

This section will describe the ECA software platform used in this study. Also see Section 4.3.3.1 for

a summary of the reasons for choosing this ECA software.

The Clevertar Virtual Human software platform (175) used for RehabChat contains a content
management interface comprising a script editor, a profile editor, and the dashboard (191) (see
Appendix V). The content management portal allows the dialogue content to be edited, and the
required user response to each dialogue to be chosen (see Figure 8). The script editor allows the
designer to configure the content for the dialogue text, dialogue progression rules (either requiring
a response from the user or not), conversation decision points, and to set usage notification alerts
(e.g. when user has completed specific stages of the conversation). The designer can create
sections which allow the use to enter freeform text, and for these to be saved as individual
variables which can be programmed to be used in subsequent dialogues at relevant points.
Choices can be made as to whether the user will enter their response either as text or click
options. The profile editor enables design of the Ul including the launch button style, avatar’s visual
persona and accent, and the capabilities available to the user such as ability to change an entered
response, or to reload the whole conversation. The dashboard displays quantitative usage data

including number of users, number of visits, usage time, and triggered alerts.
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All usage data is collected and stored by Clevertar. Clevertar abides by Australian national
standards for data security. Clevertar’s privacy statement can be found at

https://www.clevertar.com/privacy-policy/ . Clevertar’'s terms of use can be found at

https://www.clevertar.com/wp-content/uploads/2018/10/Clevertar-App-User-Terms-October-

2018.pdf . Clevertar provided pro bono access to the software and consultative technical support
for use of the software during this project. The Chief Technical Officer of Clevertar provided pro-
bono technical support when requested during this project. Clevertar did not provide any input to
the content development and designed purpose of RehabChat. Additionally, no clinical data or

confidential identifying information was shared with Clevertar.

The capabilities and functionalities of the software enabled the ECA to be specifically designed to
support brain injury rehabilitation, including the conversation content being developed to reflect the
tenets of MI, SDT and SMART goal-setting (see Section 4.3). As well, the Ul is easy to navigate
and use, and the software has previously been designed for use for health purposes: as a light
cognitive-behavioural therapy intervention (192), and as a health coach for heart failure (191). The
Clevertar Virtual Human platform has an excellent level of data security: it does not require another
platform (such as Facebook) for it to run, and all data entered into it is stored by Clevertar and is

not sent to any other company.

91


about:blank
about:blank
about:blank

c6

€« >¢Cco0

@ clevertar

RehabChat assessment
onversation 6-11

E Show All Conversations
® Export to Doc

+ Add Mew Conversation

B Configuration

ﬁl Reports

8@ httpsy//au.clevertar.com/portal/418/conversation/detail /5972

Pragrarm
RehabChat Training Module

Seriph {omeriaton

RehabChat Training Module 6-11

Dialogs

¥ It would be great to leam your name! Please write
wour first-name o nick-name. (Don't write your
surmame.) When done, click the armow.

A

lfnur first name or nickname (no surname) J

Thanks [Tnama] - let's start your training
conversation! You can refer to your User Guide at any
time,

I will start bry explaining how to use RehabChat

Q

o a 2 % @ i

o 0

Editor Type
| Visual Editor b
[ use Alternatives @
—_— [] usessML@
B @ L0 @B O By K [] usewmiL @
[act:happy]Welcome!fact=grest] I'm glad you've joined to leam to use RehabChat. My name is (] Add Error Messages @
Jo, and I'm your RehabChat coach.[act:pleased][act=happy]
Embedded Media ©
| — __®
_.-r"".--.-.---._ _--_-----""--_
ﬂlspnnuhplra ) mmcm;ﬂ
[ Conlinue o :IJ_S:ILEM required to respond. Once presented, automatically move to next
L} =

"“\-\___________ D

~  Follow-On Actions (Cptional)

Action]1]

[] Conditional Upan...

Arblas Tunn il

e ]

@ Delete Dialog

e i = —

- — N

Lave Cha nges

237 Db

Legend: A = titles of sub-conversations; B = content of dialogues & response options; C = panel for editing dialogue content; D = section for choosing response type
Figure 8: ECA content management portal — showing content for alpha testing version



4.2 Making design changes to the ECA

4.2.1 Iteratively designing the conversation content and user interface

The content for RehabChat’s conversation was developed iteratively throughout this PhD project in
response to participant feedback at each stage of development. Each iteration was structured
around goal-setting and pursuit, with dialogues styled to reflect Ml and SDT. As well, the content
was checked regarding SMART goal-setting components, and consideration given to the clinical
needs of clients with TBI. Appendix VI shows how these aspects were integrated into the
conversation content, specifically for alpha testing. These same aspects were reflected in the
subsequent development iterations of RehabChat’s conversation. After each stage of developing
RehabChat, participants’ feedback and ECA usage alert data gathered by the software was
considered, and changes were made to the ECA conversation content and the Ul (see Figure 8).
These changes were saved to the software platform, and were remotely updated to the iPad by

turning the iPad off then on again.
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Legend: HCI = human-computer interface; ECA = embodied conversational agent

Figure 9: ECA designer inputs into ECA; user interactions with ECA; and user feedback

4.2.2 ECA content affected by software capabilities

Once the software was chosen, it was necessary to learn about its capabilities, and to match the
flexibility and limitations of the software to the conversation content of the CA. The Clevertar
software incorporates options for how the avatar looks and sounds, and a considerable array of
possibilities for creating pre-determined conversations incorporating user input via confirmation
clicks, multiple choice, and freeform text entry options. The ECA software allows the designer to
input phrases and sentences that are spoken by the Avatar, as well as configuring the
conversation to allow the user to choose click response options made up of words or conversation
logic decisions such as continuing to a different section of the overall conversation. Additionally,

the designer can create points at which the user may enter freeform text, and for these entries to
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be saved as individual variables. These variables can then subsequently be inserted into later

parts of the conversation content at relevant points.
4.2.3 Making design changes to the user interface

The design of the Ul for RehabChat was determined by the software capabilities. These included
options for colour of the Ul background and the avatar’s clothes, the accent for the avatar, and the
positioning layout of the speech/text bubbles alongside the avatar. For design changes that were
not possible from the prescribed choices available, modifications were made to the customised
style sheet (CSS).

The ECA has been configured for use on an iPad. Two tile icons for each of the RehabChat
modules — the training module and the rehabilitation module — were placed on the iPad home
screen. The user was then able to locate a tile icon and click on it to launch the ECA.

4.3 Design and development considerations

The design of RehabChat was composed of three main components: the presentation of the Ul,
the content of the conversation dialogues, and the mode in which RehabChat was intended to be
used in the clinic setting. These three aspects were designed with reference to key theoretical
frameworks for the behavioural and technological aspects. This aligns with findings of a literature
review exploring the considerations for building a user-centred CA (111) This review recommended
that the key aspects of the CA design were based not only behavioural theory, but also centred
around technological frameworks. Additionally for RehabChat, the unigue clinical needs of clients

were also essential to consider. All of these frameworks are described below.

There were several considerations for the design and development of the ECA’s dialogue content
and Ul. These were: client needs; clinic requirements; motivation and health behaviour change
(HBC); persuasive technology (PT); and frameworks for assessing RehabChat. These
considerations are presented in Figure 10 below and discussed further in this chapter. They are

also considered at relevant points throughout this thesis.
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Figure 10: Design and development considerations

96




When designing a CA for rehabilitation, it is important to consider aspects that will contribute
successfully to it achieving its defined purpose. These aspects are to ensure the purpose of the
ECA meets a purpose that is meaningful and important to the end-users and to clearly define what
the ECA is going to achieve (193). Additionally, it is necessary to pre-define what are the indicators
to show that these ends are being achieved (193). The phases of developing the initial prototype
ECA, alpha testing and beta testing, are aligned to the first stage of the CA evaluation proposed by
Macedo et al 2019 (132) of evaluating technical performance, which is followed by the second and
third stages of user experience (subjective and objective data regarding usability and
acceptability), and health outcomes research (investigating intended health benefits of the CA)
(132).

The design of RehabChat was underpinned by specific technological, behaviour change and
clinical frameworks. Of note, there is no existing recommendation guideline for the design of HBC
CAs. As such, the best available literature guidelines and clinical paradigms were utilised to guide
each phase of in-house development. The technological frameworks used were the World Wide
Web Content Accessibility Guidelines (WCAG) (20, 139, 140, 158) (see Section 1.9.2) and
persuasive technology (PT) (see Sections 1.4.2 and 1.4.4). The behaviour change frameworks
used were Self Determination Theory (SDT) and Motivational Interviewing (Ml) (see Sections 1.3.1
and 1.3.2), and client-centred goal-setting using the SMART approach (Specific, Measurable,
Achievable, Relevant, Time-limited) (17) (see Section 1.1.3). Finally, RehabChat was designed to
accommodate specific clinical needs of clients with TBI such as cognitive fatigue, memory loss,

reduced insight, and difficulty with executive reasoning including planning (see Section 1.1.2).
4.3.1 Clinical needs paradigm

The overarching purpose of this study is to intentionally develop an ECA which can integrate well
to the clinical setting, relating to both the workflow of the clinic setting, and the clinical needs of
client participants. To achieve this, RehabChat was designed with close consideration given to the
main clinical paradigms of client-centred goal setting and pursuit, and the specific clinical needs of
clients with TBI.

4.3.1.1 Client-centred goal-setting and goal-pursuit

Goal-setting, and its related approach of goal-pursuit, make up RehabChat’s conversation
structure which is designed to support recovery in adults with TBI. The SMART goal-setting
paradigm (see Section 1.1.3) is integrated within the conversation content for RehabChat.
Appendix VI shows how the Specific, Measurable and Achievable aspects are interwoven into the
conversation dialogues. The Relevant and Time-bound aspects of SMART are addressed by firstly
the goal relating to the client’s broader rehabilitation priority (hence it is Relevant), and the main

goal is set for a six-week timeframe, and followed by setting weekly sub-goals (thus addressing the
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Time aspects). The types of goals that can be entered can relate to any part of the client’s
recovery, be at any level of complexity and detail, and can accord with goals currently being
pursued in therapy. The goals are devised by the client and clinician discussing the client’s
priorities and needs, and as such are client-centred (see Section 1.1.3). The goal information
entered into RehabChat must align with the clinical profession of the oversight clinician; for
example, a physiotherapist can supervise strength or balance goals, and a speech pathologist can

supervise language or swallowing goals.

Once the client identifies their main rehabilitation goal and a weekly sub-goal in RehabChat, they
then progress to working with their clinician to defining home practice activities which will help them
to achieve their goal. These practice activities are prescribed by the supervising clinician, and the
client enters the details into RehabChat. RehabChat is then used by the client to support them
when completing these activities independently between clinic appointments. RehabChat is also
used as part of the process of reviewing the client’s progress towards achieving each weekly goal,
and their overall goal, at a subsequent appointment with the clinician. Following this review, the
home programme details can be updated and entered into RehabChat thus enabling the client to
pursue their goal.

There is precedent for focusing RehabChat’s content on the rehabilitation concepts of a goal-
setting, practice activities, and weekly reviews: these content areas have been previously
integrated into a CA for anxiety management for stroke clients (156). In that project, the CA’s
intended mode of use was presented as complementary to usual care and not replacing of the

human therapist input. RehabChat is similarly styled to be used alongside usual care.

A Cochrane quantitative review (33) of the effectiveness of using goal setting and goal pursuit
strategies in adults with acquired disabilities found low quality studies, and heterogenous data.
These authors highlight the need for a client to be actively involved in goal-setting, and that client
self-efficacy should be supported (33). The authors also note that further research is needed to
define which part/s of goal-setting work well in what contexts (33). For this RehabChat project, the
client was involved in every stage of goal-setting and pursuit, and self-efficacy was supported as

competency.

Specific dimensions for rehabilitation goal setting incorporate the components of Specific,
Measurable, Achievable, Relevant, Time-limited (SMART) (17). RehabChat was intended to be
pilot trialled in a clinic setting alongside usual care, and to require minimal time and concentration
from both the client and the clinician. These purposes are achieved by matching the ECA sub-
conversation dialogues to existing SMART goal-setting paradigms already used within the client-
clinician alliance (see Appendix VI). As in usual practice, the client and clinician work together to

determine specific prescribed exercises to support goal-attainment, to be practiced at home. These
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exercises are entered into the ECA and then serve as the basis for subsequent ECA dialogues for

times of home practice.

It is necessary to support the physiological process of neuroplasticity during rehabilitation.
Neuroplasticity is the process by which a person continues to develop new brain connections
enabling learning of new skills throughout the lifespan (194). Neuroplasticity following brain injury
allows for recovery during rehabilitation. Importantly, neuroplasticity can be supported during
rehabilitation by the client practising motivational tasks (29). RehabChat provides motivation-based
conversation for the user to practise their home program tasks related to their motivational

rehabilitation goal.

The design of RehabChat has been purposefully focused upon meeting the clinical needs of a
distinct client group: adults with TBI. Conversational agents have been similarly designed to meet
the specific needs of a client group including to provide memory support for memory loss (134), and
care for clients with mental health needs (195).

4.3.1.2 Need for clinician oversight

The design of RehabChat has considered mitigating or avoiding known safety risks of using a CA.
Some of the general risks of using CAs (see Sections 1.6 and 1.9), include frustration and stress.
In RehabChat, the potential for these symptoms were mitigated by having a supervising therapist
who understood these risks and who could watch for such symptoms. Additionally, other
concurrent clinical symptoms such as vestibular issues, neck pain and headache, or visual strain,
may also be exacerbated by using the ECA on an iPad. If needed, the client could have a break
from using RehabChat or, if necessary, cease their participation in the RehabChat project at any

time.

RehabChat is importantly situated within a recommended mode of intended use: RehabChat is not
intended to be used without this surrounding construct of therapist supervision, integration into the
clinic setting and application alongside usual rehabilitation care. This emphasis is to ensure that
the client’s well-being is adequately supported — as an ECA alone cannot do this (126) — and that
the therapist can continue their medico-legal responsibility of providing supervisory oversight of
whatever therapeutic input is being provided to their client. For RehabChat, it is intended that the
clinician provides direct oversight for the client using RehabChat whilst inputting key data such as

goals and practice activities.

Additionally, RehabChat prompts the client to contact the therapist with any concerns. It has been
previously recommended that at junctures where the user is dissatisfied with or unsure about a
response by a CA, it can be instigated that a therapist becomes then involved in the care and
advice given to the user (126). This is essential for the current project, as RehabChat is a novel

ECA which is not yet tested for full efficacy and risks.
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4.3.1.3 Consider important clinical needs of clients

Designing an ECA for adults with TBI needs to consider the specific clinical needs of this cohort.
These needs include challenges with concentration, decreased memory, low motivation, pain,
tendency for frustration, and fatigue (see Section 1.1.2). These needs were addressed in the

design of the ECA, and monitored during use of the ECA.

In the design of RehabChat, memory is supported through key content being reiterated throughout
the conversation (such as the main and weekly goals, and symptoms to check for when doing
practice activities). Fatigue is addressed through RehabChat teaching the client how to take a rest-
break from using RehabChat and learning that when they come back to using it again, that they will
be at the same point in the conversation, and later reminding them to take a rest break when
needed. As well, each dialogue is short, and so does not require too much effort to focus on (see
Table 9, Section 4.3.5.1 and Appendix VI)). Finally, low motivation is supported through the
integration of Ml and SDT (see Appendix VI), and by having weekly goals which enable the client
to see progress being made toward achieving their larger overall goal.

4.3.2 Motivational Behaviour Change paradigms

Integration of a behaviour change theory influences the design of the conversation content, which
affects the CA responses to user inputs, and also the overall usage of language in the CA
programming. This is specifically achieved through ensuring that the CA content has an
appropriate selection of words and phrases inbuilt which articulate concepts of health behaviour
change, and that the CA is enabled to identify the user’s change behaviour. As well, the CA should
be programmed to respond to user input by providing outputs which match the stage of behaviour
change in which the user is currently experiencing, and to follow a somewhat staged approach for
supporting the user’s progression through stages of change to reach an optimal level of success

with personal health behaviour change.

It has been noted that design of a purposeful CA conversation — such as for health behaviour
change — is pulled in two directions of being natural and open-ended, versus being purpose-
directed and facilitatory of the outcome wanted by the user (122). For the conversation in
RehabChat, this dichotomy was solved by designing it to firstly be demarked by rehabilitation goal-
setting and goal-pursuit processes — in both its extent and its structure — and secondly that its
dialogue content and phrasing be nuanced by Ml (11) and SDT (52) (see Table 7 and Appendix
V).

4.3.2.1 Self-Determination Theory

Self-Determination Theory (SDT) is able to be adapted to suit a range of intervention approaches

and contexts (57, 85) and has been specifically recommended as a theoretical base for developing
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human-centred technologies (84) such as CAs. The ability of SDT to help clarify considerations of
the broader social context (57) were relevant for the design of RehabChat. The broader social
context of ambulatory care brain injury rehabilitation was considered expressly in relation to the
role of the supervising clinician providing supportive, guiding input to the client. Additionally, the
three tenets of SDT (52) — competency, autonomy, and connectedness — can be specifically
integrated into the context of brain injury rehabilitation, and into RehabChat’s design by: ensuring
that the goals and practice activities are within the client’s level of competency, supporting a client-
centred approach to care planning, and ensuring the client has sufficient support resources and

people around them during their recovery.

The main tenets of SDT are also represented in RehabChat’s intended mode of use with clinician
oversight in a range of ways. These include the client having regular reviews with their key
therapist whilst using RehabChat (connectedness) and the therapist enabling the client to use their
own wording when entering data into RehabChat (connectedness; autonomy supporting). As well,
the CA content ensured the client had sufficient time to complete their practice activities
(competency), and focused on asking the client for their personally meaningful goals (autonomy;
competency) within the SMART goal-setting framework (see Table 7).

4.3.2.2 Motivational Interviewing

MI supports the individual to develop intrinsically meaningful goals and direction (1, 5, 57), and is
supportive during setbacks in progress (11). Utilising Ml to inform the dialogue content and
phrasing was theoretically sound because Ml is a conversation-based intervention with widely
demonstrated efficacy for a range of health needs (196) including for a CA providing a brief Ml
counselling intervention for stress reduction (115) in which the CA responses were classed as
either: ‘Giving Information’, ‘Questions’ (focusing questions and evoking questions), ‘Reflections’,
and ‘MI-Adherent Statements’ (statements affirming client in change behaviour) (115). Ml has also
been combined with other behaviour change paradigms into a CA for health promotion counselling
(129) by providing dialogues for goal-setting, trouble-shooting when progress is not as hoped, and
praise for successes achieved (129). These examples are similar to RehabChat’s conversations
being reflective of both motivation and goal-setting, and by its conversation structure comprising:
choosing a rehabilitation priority, developing a SMART goal, setting practice activities, practicing

required tasks to achieve the goal, and reviewing progress towards achieving the goal.

Aspects of Ml relevant to brain injury rehabilitation are those which align clearly to client-centred
SMART goal setting. These aspects are initially supporting the client to engage in the
conversation, then assisting them to focus on their personally identified need and helping them to
think through how to address this need, and finally making plans to achieve meeting this need (5).
These help to intensify motivational change in clients (69), and therefore can be integrated with

goal-setting conversation content to support motivation for clients with TBI.
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In MI, there are key categorisations of Change Talk (5) — in which the human-client’s conversation
content indicates impetus for and actuation of intended behaviour change — which can be usefully
aligned to rehabilitation goal-setting and pursuit. This Change Talk is categorised into elements
noted within acronym of DARN CAT (5): Desire, Ability, Reasons, Need, Commitment, Actuation,
and Taking Steps. The DARNCAT elements have been incorporated into RehabChat’s dialogues
with particular focus on constructing questions that RehabChat would ask to help elicit user
responses that aligned with the DARNCAT elements (see Table 7). Another key aspect of Ml is the
overarching premise of the ‘spirit’ of MI, which is based on Acceptance of which there are four
contributors (absolute worth, autonomy, affirmation, and accurate empathy) (5) are reflected int the
style of language used throughout RehabChat in both the longer more supportive conversation, as
well as the shorter more directive conversation. This was incorporated globally as it was seen to be
ethically sound and clinically relevant to produce an ECA that modelled these qualities (see Table
7).

It is recommended that for Ml studies, that the fidelity of adherence by the therapist to the ‘spirit’ of
MI should be audited at regular intervals (197). For this project, because MI was not included
explicitly, but rather implicitly in nuancing the goal-setting conversation, Ml auditing was not done.
Instead RehabChat’s goal-setting conversation content was reviewed regularly — during in-house
testing (see Section 4.4), in the co-design workshops (see chapter 5), and also the feasibility pilot

trial (see chapter 6).

The manner in which MI can be applied to a CA conversation content is by it providing an overall
structure to the conversation which reflects the central processes of Ml (evocative questions,
elaboration request, reflection, acknowledge importance, summarize) (104). These factors were
include in the RehabChat conversation. Integrating M| can also provide overarching category
themes for the CA’s coding of the user's comments including valence (change talk versus
resistance), category (status-quo, change intention) and content (the actual focus of concern or
user’s sense of value on something) (104). When a CA ontology comprising Ml and related HBC
content was applied across two health behaviour change topics (physical exercise and,
subsequently, healthy diet) it was found to have 98 percent re-usability (129). This aspect was
highly relevant for RehabChat, in that the user could enter details for any type of rehabilitation goal,
with this being made possible through the conversation structure being comprised of client-centred

goal-setting nuanced with Ml aspects.

102



€oT

Table 7: Motivational behaviour change and goal-setting paradigms informing RehabChat’s conversation content

Paradigm

Support from supervising clinician and/or
RehabChat researcher

RehabChat conversation example

Motivational Interviewing

rehabilitation to address challenges following their
TBI

Desire Actual choice to participate in the project and use First part of the goal-setting conversation asks client to choose a general area of their
RehabChat is aligned to the client's sense of life that they would like to improve int — a general domain. This allows them to choose
‘Desire for change’ to something that they desire to improve in.

Ability Achieved through style of learning — offers the Training module starts with topics likely familiar to all users (weather and transport) so
participant opportunity to practice as many times as builds trust, and helps client avoid becoming stressed.
they'd like prior to the assessment, and use the
user guide as needed; participant is allowed to re-
do the assessment if they aren't initially successful

Reasons Clinician-client interactions in usual rehabilitation ECA asks client to define what is the reason that they are motivated to achieve their
care enable discussion about reasons for the main goal / that the goal is important for them to achieve
client’s rehabilitation priorities.

Need Client is already participating in brain injury A goal which client and clinician are currently working can be inputted into ECA

Commitment

Completion of the training and assessment module
is an important step towards using RehabChat, and
therefore also of participating in own rehab

Client commits to focussing on an overarching goal, and then actively working towards
achieving each weekly goal by completing the prescribed practice activities.

Actuation

Clinician works with client to clarify goals, practice
activities etc.

Client can take their time to think through each step of the ECA conversation; and
develop own goals, and focus on weekly goals which feel achievable

Taking Steps

Clinician continues to provide usual rehabilitation
care within a MDT setting; this inherently facilitates
the client taking step within their rehabilitation
journey.

Client identifies has enough time to complete the prescribed activity (In the longer
conversation, chooses a support person or other resource)

Absolute worth

The ethos of brain injury rehabilitation is to provide
client-centred care.

The focus of the conversation remains entirely on client throughout.

Accurate empathy

Clinician and researcher provide supportive
assistance to client, and acknowledge difficulties
experienced by client

Acknowledges if client has low confidence in achieving the goal; and asks client to
consider how confidence could be improved
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Support from supervising clinician and/or

Paradigm RehabChat researcher RehabChat conversation example

Autonomy The clinician supports the client to articulate a goal Client types in responses to ECA using their wording; they also nominate their main
that is important to them in their own wording goal along with input from clinician

Affirmation Achieved through style of learning — JH provides ECA provides positive affirmations in the conversation

supportive positive teaching input

Self-Determination Theory

Autonomy Client chooses which topic to discuss first (weather Promoted by asking client's choices for main rehab priority area, and their actual goal,
or transport) and motivation supports
Client can choose to take a rest break when they Client can choose to take a rest break when they needed to.
needed to.
Competency Supported through easy content, and time to Supported through setting SMART goals (includes Achievable)
practice, and can use user guide, and support
provided by JH.
Connectedness JH provides support for training session, and Client identifies a support person

ongoing support during project

Clinician provides ongoing support for client using ECA

SMART goal setting

Specific

Measurable

Achievable

Relevant

Time-bound

The SMART aspects would be addressed as part of
usual rehabilitation care

The general rehabilitation priority area is refined to a specific skill or activity

The goal is defined in terms of how much of the skill or activity will be accomplished

The ECA asks the client how confident they feel about the goal — and if low
confidence then there is opportunity offered to modify the goal.

The client tries completing the practice activities for the first time whilst still at their
appointment with their clinician; if any issues, the details are modified until the client is
able to complete the activities independently using RehabChat.

The goals and exercises relate to the main rehabilitation priority area chosen by the
client

Main goal is defined for a six-week period. Sub-goals are set for one-week intervals




4.3.3 Technological paradigms
4.3.3.1 Choice of embodied conversational agent software

The choice of using an ECA rather than CA for this project was based upon the persuasive
technology (PT) aspects that an ECA can offer. Relational aspects of rapport and trust are
more easily demonstrated by ECAs rather than CAs, due to the visual features, including
non-verbal communication aspects, offered by the humanoid character (125). These benefits
of an ECA may also result in less cognitive load for users which can then enhance

adherence and satisfaction (125) (see Section 1.5.1).

An ECA was also chosen because it provided additional multi-sensory aspects — visual and
auditory outputs — which can more adequately support the needs of clients with TBI relating
to preferences for visual versus auditory content. The ECA provides spoken output, written
text, and an engaging visual display of an animated humanoid character. It was thought that
the avatar’s gestures and facial expressions could help the client maintain their attention
more easily on the Ul, and so participate more effectively in the CA conversation.
Additionally, the avatar’s speech alongside the written text was thought to provide

reinforcement for the conversation content, in contrast to just having written text.

The choice of the ECA software platform used in this project was based upon pragmatic
considerations such as the software being low/no cost, and for there to be ongoing technical
support, and important clinical considerations, such as able to design conversations which
are relevant for TBI, and also that the software had been previously utilised for a clinical
purpose. Additionally, the software needed to easily allow for iterative changes to the
conversation content, so as to facilitate the process of making changes to RehabChat
following each stage of its development. In regard to the usability of the software’s Ul, this
needed to be straightforward to use, be able to have an Ml-styled goal-setting conversation
configured on it, have options for free-text entry (to capture the client’s own wording), and be
easy to teach client and clinician participants to use. For the data collected by the software,
this needed to be managed in a confidential and safe manner according to Australian
Standards, and that only intended users were able to see it. Additional considerations
related to the potential of the software to be integrated with the clinic’s technology framework
which includes electronic case-notes and to send updates or alerts directly to the clinician.
These considerations were developed with a view to the future development of RehabChat
when it may be more fully integrated into the clinic setting. Accordingly, these extra

considerations were not essential criteria to meet for this PhD project.
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The Clevertar Virtual Human software was chosen for this project because it met all of the
essential requirements for choosing a platform for this project. See Section 4.1.2 for a
description of this software platform.

4.3.3.2 Language processing

It was necessary to consider the complexity of CA language capabilities employed in
RehabChat. ‘High-tech’ language capabilities offer potentially comprehensive degrees of
benefit to clients, but the increased time needed to train a CA in NLP capabilities would
mean it would take longer to progress to the implementation phase of research enquiry.
Simpler ECAs are [low-hanging fruit] which can be more easily assessed at the various
stages of being developed, piloted, evaluated and finally implemented clinically (102) (see
Section 1.5.2). A logical, layered conversation was developed for RehabChat without the use

of Artificial Intelligence for Natural Language Processing (NLP).

In RehabChat, the conversation content was designed using constrained language. This
choice saved considerable cost and time. As well, NLP Processing was beyond the scope
of, and not ideal for, this project due to fact that it may produce comprehension and
transcription errors when being used by clients with TBI. It was thought that the risk of
producing errors outweighed the obvious benefit of reducing client effort in using the ECA (if
voice to text could have been used, it would reduce or negate the need for typing
responses). Instead, constrained language programming was used not only due to time and
resource constraints, and also because it is able to avoid misunderstandings more easily,
and it provides a reproducible, controlled content model (see Section 1.5.2) to use in the
project. Within the constrained language model, a tree algorithm was used to create logic
decision points responding to the user’s input (111). The conversation structure and content
were carefully designed for optimising client-user engagement and persistence in use, by
simplifying what the user was required to enter when using the touchscreen interface, so as

to help minimise or avoid fatigue.
4.3.3.3 Web Content Accessibility Guidelines

It was necessary to ensure that the design of RehabChat adhered to relevant best practice
guidelines for digital technology design. To this end, website design guidelines were followed
because no specific guidelines have been developed for ECA design, and because a

website is a type of human-computer-interface (HCI) as are ECAs.

Choices for the presentation of RehabChat’s Ul, and for determining how the user interacts

with RehabChat through the Ul were informed by the world level recommendation
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framework: the Web Content Accessibility Guidelines (WCAG) as presented in the Web
Accessibility Initiative (WAI) (20). These accessibility guidelines were chosen because they
seek to mitigate challenges that users with cognitive challenges may face when using a HCI
(198). These guidelines include key domains of: Adaptable (information is presented in a
way that is easy to understand); Enough Time (for users to read and use tool); Navigable
(the tool is easy to navigate and has cues and helps to aid this process); Readable (text —
based information can be reads and understood easily); Predictable (the tool behaves as
anticipated); Input Assistance (the tool helps users enter data correctly and avoid mistakes)
(20). All of the WCAG specifications were checked against the design of RehabChat, thus
revealing that many WCAG aspects were already met in RehabChat due to the design of the
Clevertar software itself; and other aspects were able to be met through how the
conversation was structured, for example the option to review entered content and be able to

change it if desired.

Other key points considered when designing RehabChat were the colour scheme and layout
(to allow easy visual navigation of HCI), the timing and speed of the dialogues (to allow
sufficient time for user to read, listen and/or respond to a question), audio aspects(the speed
of any audio speech should enable ease of understanding by user), and ease of interactions
(it should be easy to interact with the HCI in regard to dexterity and navigability) (158). The
way that these factors and considerations were applied are outlined below.

4.3.4 Persuasive Technology

Persuasive Technology (PT) design principles are intended to support user engagement and
persistence when using the technology device (see Section 1.4.2). It has been noted that PT
is widely used in the design of digital technologies to improve user engagement generally

(83) but this does not specifically consider the health-related needs of clients which are more
nuanced compared to the needs of general consumers. Accordingly, for RehabChat specific

behaviour change and clinical paradigms were considered (see Sections 4.3.1 and 4.3.2).

The interactive conversation between user and computer needs to be very carefully
managed, just as in a conversation between human therapist and human client (117).
Examples of these aspects are utilising empathy, ensuring clearly defined purposes for the

interaction, and enabling the CA understand the users cognitive state (125).

There are relevant aspects of PT that relate specifically to the needs of clients with TBI (see
Section 1.1.2) because they facilitate ease of use for clients. These aspects include creating

pauses in the conversation and the conversation to feel familiar in nature, easy to use, and
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friendly (see Table 8). These aspects can be achieved using practical PT approaches of
anthropomorphic design and ‘foot-in-the-door’ and variance to support personalisation.

These aspects and approaches are discussed below.

Table 8: Persuasive Technology aspects of conversation style

Persuasive aspect Details for dialogues

Familiar Use SMART goal setting; complete practice activities

Easy to use Short dialogues; guiding cues; complete a sentence started by ECA
Friendly Give encouragement e.g. ‘well done’; introduces self and addresses

user by their name; thanks user for inputting answers

4.3.4.1 Creating pauses in conversation

In human-to-human conversations, there are natural pauses, which allow for reflection and
thinking. Creating natural pauses in a CA conversation is important (199, 200) for client-
users with TBIl. Conversation pauses were achieved by inserting a ‘pause’ command at
specific junctions which ensured a small silence prior to the next dialogue being spoken. As
well, the client is instructed by the ECA that they can rest at any time. And finally, the client
can take as long as they need when answering a question in RehabChat, for example when
selecting a reply to a question: the action of the client considering and then entering a typed

response or clicking on a response choice invokes having a pause delay.
4.3.4.2 Conversation feels friendly, and familiar and easy to understand

It was felt that the user would interact with RehabChat more persistently if the conversation
would feel simple and easy to participate in, and if it felt familiar and friendly. The friendly
aspect was achieved through providing motivational comments, a friendly looking avatar and
emphasizing autonomy and a sense of competency, which are tenets of SDT (see Section

1.2.1). As well, the avatar persona was styled as a virtual ECA coach (111).

There is a need to optimise the simplicity of the interface to decrease the cognitive load for
the user, enable easier interactions, and ensure users spend minimal time just using the
functionalities of the program (125) rather than focusing on the clinical content. The ECA
was styled to be easy and pleasant to use through reducing the wordiness of the
conversation itself, as well as minimising the number of required responses from the user.
Additionally, clear instructions were provided in the training module and user guide so that
the user would know what type of response was required. Also, the ECA conversation was

made to feel familiar by utilizing content structure that mimicked the real-life setting. For

108



brain injury rehabilitation this meant using client-centred goal-setting content and structure
(see Section 1.1.3).

4.3.4.3 Anthropomorphic aspects of conversation content

Anthropomorphic design features in a CA — such as the CA using the user’'s name and
informally-styled dialogue to help establish rapport — are up to four times more important to
promoting the perceived usefulness of a CA as compared to its functional aspects and
content (201). Research has shown that personable CA interactions improve the user’'s
impression of the CA being anthropomorphic, and therefore also have a closer affinity with
the CA as a social entity (202). This study incorporated specific aspects into the design of
the CA to promote the anthropomorphic essence: use a human name, use informal dialogue
language, and start and end the conversation with hello and goodbye (202). In this study,
participants used the anthropomorphically-designed CA, and a comparator CA in which the
language was plain and machine-like — such as the conversation was commenced and
concluded by start and quit, and the CA entity name was that of a computer product. The
anthropomorphically-designed CA achieved higher ratings with the participants (202). As
such, RehabChat was similarly designed with anthropomorphic features. In RehabChat, a
personable, informal conversation style is used. The avatar and user each introduce
themselves by name and the conversation opens with hello and concludes with salutations
and goodbye. Additionally, content regularly includes praise, (e.g. ‘That’s great’ ‘well done’)
and empathy (e.qg. ‘it sounds like it's been difficult for you to...’), although these features are
included more regularly in the longer, more supportive version of the conversation, and less

so in the shorter, more directive conversation style.
4.3.4.4 Use foot-in-the-door approach for building engagement

The foot-in-the-door approach for HCI design incorporates the idea that the user is more
likely to feel comfortable initially with a small amount of engagement and commitment, and
that later interactions incorporate a higher level of buy-in and effort by the user (203). This
approach has been inbuilt into RehabChat through the way the overall conversation is
structured: from initially being simpler and more supported, to progressing to independently
using RehabChat for doing a home program. It commences with greetings, and the user
completes a simple training module in order to gain competency in interacting with the UL.
From there the rehabilitation module asks questions regarding a main goal for rehabilitation,
and then more granular details such as a weekly goal, and specific practise activities to
complete. To this point, it was intended that the user would be supported by a therapist

when initially using RehabChat, and then engage at a more advanced level of commitment
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in using RehabChat independently at home to complete their practice exercises. Home
practice using the ECA demands more engagement and autonomy from the client, and puts
into reality the process of pursuing the rehabilitation goal that they have set.

4.3.4.5 Variance aspects of RehabChat to support personalisation

Use of personalization capabilities have been shown to improve the user's satisfaction with
using a CA (81). Ideally, the client-user should be able to have choices regarding certain
design options for the ECA interface. Such choices can include the visual style and type of
voice of the humanoid character, and having the option to remove some ECA interface
components such as audio output, or the visual avatar character. Choice-making helps to
personalize the ECA to the user’s needs and personal preferences, which in turn may help
increase engagement and persistence in use of the ECA. These aspects for promoting
personalization of the ECA were incorporated into the ECA for my project where feasible, for
example providing choices of avatar style during the co-design workshops.

Personalisation was also represented in variance options. Specifically, RehabChat was
enabled to offer a number of variance features for the avatar design and for the conversation
style. The avatar options include two male and two female humanoids, with different ethnicity
(109), and a more or less formal presentation. Two styles of conversation are offered in
RehabChat: one that is longer, more supportive, and motivational; and another which is
more succinct and directive. The longer style would suit users who require a step-wise,
motivational approach to goal-setting and goal-pursuit, and who tolerate a moderate amount
of HCI delivered language content. The shorter, more directive style would suit users who
are familiar with the processes of goal-setting and goal-pursuit, and/or who require less
motivational support, and who are unable to tolerate as much language input. The clinician
helped the client’s choice of which, in order to ensure best meet their clinical needs. Each
style incorporates all four of the distinct phases of interaction as demonstrated in the
flowchart below (see Figure 11). As well, both versions of the conversation share many of
the same variables; with the longer version having additional variables related to the extra

motivational support that this conversation offers.
4.3.5 Conversation construction

The overall RehabChat conversation structure was comprised of sub-conversations which
were seamlessly linked together according to the timing and purposes of each of them (see
Figure 7). Two versions of the conversation were developed to offer the user a choice.

These were a longer more supportive conversation which provided more reiteration of main
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points, and extra content about choosing a motivational support resource (either a support
process such as using a whiteboard to track rehabilitation progress, or a support person to
provide encouragement. The shorter, more directive conversation style provided more
succinct cues and was more straight-forward in its delivery. Both styles of the conversation
included the main content of goal-setting and pursuit (see Figure 11).

4.3.5.1 Dialogue design and use of variables

Each sub-conversation was comprised of specifically worded questions or statements which
were spoken by the avatar, and also which would invite a response from the user (see Table
9). Options for types of responses included yes/no, multiple choice questions, a single
confirmatory option to click, and freeform text entry. Free text entry fields were configured to
have a maximum character limit, in order to ensure the entered text when captured as
content to fill a pre-determined variable (see Figure 7 and Table 9) would fit into the overall
structure of the ECA conversation. This approach has been used previously in a CA for
alcohol abuse counselling (204). A dialogue could also be configured to progress with no

response required from the user.

It was imperative that the ECA conversation dialogues would avoid exacerbating fatigue in
the clients using it, and that memory and other cognitive needs were supported. These
aspects were integrated through offering multiple choice options to reduce cognitive fatigue,
and ensuring dialogue length was short. As well, dialogue content includes reiteration and

interim summaries of items already discussed to support memory challenges.

The progression of the conversation after each dialogue is determined by configured logic
decisions, for example relating to the user’s response to a question. There can be single or

multiple forward progression routes for any dialogue.
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Table 9: Example series of conversation dialogues

Components

Follow-on

“Your goal [user name] - next you will develop a
goal for your rehab.

First, choose arehab priority below that you'll
focus on for the next 6 weeks.

It needs to be one that your [therapist profession]
can supervise.

: Physical (e.g. strength, balance)
: Language (e.g. speaking, reading)
: Thinking (e.g. planning, problem-solving) ...”

“Please describe your Physical priority area in your
own words. Complete the sentence below:

My Physical priority area for the next 6 weeks is ...
(up to 10 words)”

“Why is your rehab priority of [rehab priority]
important to you?

Please choose an option below.

: Increased fitness

: More independence

: Manage fatigue

: Be more connected

: Something else”

A) Pre-set variables
:in [square brackets]

: auto-populate with freeform text entered by user in
earlier dialogue

: (in this example) are for user's name and supervising
therapist’s profession.

B) Multiple choice options are provided.

A) User is cued to enter freeform text (up to 10 words).

: User enters text in text box with a placeholder
statement of ‘Describe physical rehab priority in own
words’

B) User clicks ‘Send’.

A) Variable of [rehab priority] populates with freeform
text entered by user (see above)

B) User selects one multiple-choice option
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: User selects one option.

: Based on user’s choice, ECA will jump to next
dialogue

: For this example, user chooses ‘Physical’ and is
directed to next dialogue shown below.

. ECA saves the freeform text entered as a variable
[rehab priority]

: the user is directed to the next dialogue shown below.

. If user selects ‘Something else’ they are directed to
next dialogue for entering freeform text to populate
variable of [priority’s importance]

. If user selects one of first 4 options, this wording is
saved as variable [priority’s importance]



RehabChat incorporates key aspects of goal setting (40) and ensuring goals are SMART (17).
It has been specifically designed for clinical rehabilitation, and to be minimally intrusive upon
the usual rehabilitation approaches used in the clinics. RehabChat is used alongside usual
care with therapist supervision whilst the client continues to receive usual multi-disciplinary
rehabilitation care. The therapist provides direct supervision of the client using RehabChat
during the appointments, and prescribes the home practice activities. Whenever new details
for the practice activities are entered into RehabChat, this updated home program is trialed by
the client during the appointment to ensure they can independently use RehabChat to

complete the program, prior to continuing practice at home.

During independent use of RehabChat at home, RehabChat asks the client if they have any
symptoms or issues whilst doing the home program, and how they managed this.
RehabChat dialogues prompt the client to contact their therapist with any concerns, including

if symptoms are difficult to manage.

At a pre-set weekly appointments with the therapist and client together, the weekly sub-goals
are reviewed, and the client’s practice exercises changed as needed. Engaging again with
the therapist for this will bring support and a sense of checking in on the process of using the
ECA — the client can ask any question, and if needed the client or clinician can contact the
researcher with any queries. Ongoing use of RehabChat requires resilience and persistence
in use. By having weekly RehabChat progress reviews with the clinician in the clinic, it was
hoped that the client will receive a boosted sense of clinician support, and confidence to use

the ECA because the home program details have been checked and if needed modified.

Details of the home program can be changed at this juncture, following the process outlined
above. If any changes are made, then the new details are entered into RehabChat. As well,
the client practices these new exercises using RehabChat in the clinic setting until they feel
confident to do so independently. The client then continues with independent practice of the

home program.

At completion of the trial, the client’s progress towards achieving their overall rehabilitation

goal could be reviewed using RehabChat with the therapist.
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| Initial Setting-up: introductions, choose long or short conversation |

PU

| Overview of using RehabChat ‘ | Overview of using RehabChat ‘

»

| Choose general rehab priority & main goal ‘ ‘ Choose general rehab priority & main goal |
v
‘ Measurable aspects of main goal ‘ \ Measurable aspects of main goal |

| Support process or support person ‘

h 4
| Weekly goal; time strategy ‘ ‘ Weekly goal; time strategy |
I Clinician prescribes 2 practice activities & symptom check }4— —_—
v
| Input the details for practice activities ‘
_— >| Client does practice activities in appointment using RehabChat ‘
. ’ o s — ] - - T )
i ‘ Client completes activities independently I | Client unable to complete activities — changes needed |~
// ‘ Client is ready to use RehabChat independently at home ‘
‘ Use RehabChat daily; do practice activities ‘ ‘ Use RehabChat daily; do practice activities ‘
I‘I Weekly progress review, & support (support ‘ Weekly review of progress, and symptom check |
resource, time strategy etc.), symptom check
| Options if need to set 2" week goal | Option if have completed 2-week intervention ‘
1 1 v
Set: 2" week goal; Set: 2nd week goal; Review amount of progress made towards 2
\ 2 practice 2 practice activities. week goal & main goal
N activities. Enter into Enter into

RehabChat RehabChat
‘ Finish using RehabChat - goodbye ‘

Legend for box shading: white = explanatory notes, no conversation content; green = sub-conversations used
in both short and conversation styles; orange = long conversation style; blue = short conversation style

Figure 11: Flowchart of short and long conversations

4.3.5.2 Using content variables in conversation

The Clevertar platform can capture freeform text entered by the user, and save it ready for
re-use in subsequent dialogues. In this way, the user’s wording can be used in the
conversation. The variables used in RehabChat related to the goal setting and pursuit topics
that made up the conversation. The specific variables included: user's name, profession of
supervising therapist, main goal, weekly goals, symptom to monitor for, strategy for

managing symptom, and details for practice activities such as dose and frequency.
4.4 In-house testing

RehabChat underwent two rounds of in-house testing — alpha and beta testing — with

professional and academic colleagues from the researcher’s workplace, and not with
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independently recruited participants. Colleagues involved in the in-house testing had an
understanding, at least in overview, of the requirements of the intended clinical setting, and
the nature of CAs. Colleagues were emailed a URL of RehabChat, a user guide explaining
how to use RehabChat, and a form with the feedback questions. The colleague was asked
to use RehabChat for 15-30 minutes. Feedback was then emailed back to the researcher.
After each round of testing, feedback was analysed, and priorities for changes needing to be
made to RehabChat were identified, and subsequently implemented. The changes made
accorded with MI, SDT, clinical needs, WCAG and PT. Following the changes being made,

and prior to the next round of testing, the researcher conducted checking of the prototype.
4.4.1 Alpha testing

Alpha testing checked for technical glitches, overall usability, and initial considerations of its
potential ability to match the intended clinical setting’s requirements. Participants (n=3) were
senior academics working in the Flinders Digital Health Research Centre. The method used
for alpha testing comprised the participant using an early simple version of RehabChat for
approximately 20 minutes, and then providing written answers to the following five questions:

What went well?

What didn’t go well?

What suggestions would you like to make for improving the ECA?
Any other comments?

Could you ‘break’ the ECA? If so how?

4.4.1.1 Feedback received in alpha testing

Results from alpha testing confirmed that the ECA software was easy to launch and use.
The results also highlighted areas needing to be optimised including supporting client
choice-making, allowing personalization of the ECA, and streamlining the conversation

structure to minimize cognitive demand (see Table 10).
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Table 10: Alpha testing feedback and design changes made in response

Feedback domain

Feedback received

Design response

Reason

Dialogue structure

More multiple-choice
to decrease fatigue

More multiple-choice at key
decision points

User is aware of expected
input; lessens fatigue

Dialogue structure

Multiple choice more
varied

Multiple choice options
diversified

Supports detail in user’s
thinking, e.g. about their
interest

Dialogue styles

Use simple language

Lower secondary school
level

Promotes understanding

Personalization

Able to choose an
avatar

Developed 2 avatar styles

Improves personalization

Personalization

An alternative
conversation style

Two conversation styles:
longer, supportive; shorter,
directive

Client preference supported;
& clinical need considered

Behavior change

Integrate specific
aspects of behaviour
change paradigms

Content includes choice-
making, goal
meaningfulness

Support user's motivation

4.4.1.2 Changes made to alpha prototype

Changes were made to address these feedback points. Table 10 provides an overview of

alpha testing feedback and the design response changes made to the ECA. A key change

amongst these was the inclusion of a shorter version of the conversation in addition to the

longer more supportive version. Following completion of the changes to RehabChat in

response to alpha testing feedback, RehabChat was checked for any errors, and to ensure

the decision points were configured correctly, prior to it being used for beta testing. The

updated ECA prototype was subsequently used for beta testing.

4.4.2 Betatesting

The purpose of beta testing was to test the working model of the ECA prototype and seek

feedback on the overall concept and its conversation content relating to usability,

perceivability and operability, and also its intended clinical application in brain injury

rehabilitation. The beta feedback form was developed based upon software design and

client-specific factors. The software factors were derived from the WCAG main principles of

Perceivable, Operable, Understandable and Robust (205). Only the first three of these were

applied; the Robust principle was not appraised due to RehabChat not yet being linked to

other technologies. The beta feedback form was comprised of three main sections:

Interacting with the technology of RehabChat; Using RehabChat for motivation, goal setting

and goal achievement; Potential use of RehabChat alongside usual rehabilitation care.

These sections were composed of 12 questions and a fourth section was included for any
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other open comments. A separate user guide was developed describing: the intended
clinical setting and end-users for RehabChat; the need for clinician oversight; an overview of
the process of beta testing; instructions to launch and use RehabChat.

Potential participants invited for beta testing were Flinders University PhD candidates or
academic staff affiliated with the Flinders Digital Health Research Centre, with experience in
digital health technology and/or health and rehabilitation care. Participants were requested to
choose to provide feedback based on the imagined perspective of either a clinician or that of

a client. Eleven individuals ultimately participated.
4.4.2.1 Feedback received in beta testing

Feedback was gathered regarding not only any technical glitches, but opinions and
suggestions regarding planned implementation in brain injury rehabilitation settings. Results
from beta testing revealed that RehabChat functioned easily for users, and any ECA
dialogue issues were the result of content configuration issues. Participant responses for
beta testing were analysed using the Framework Analysis method (171). Framework
Analysis was chosen because of its ability to enable a targeted and transparent review of
data to achieve identifiable outcomes (171). This was relevant for this testing stage for
RehabChat, as the intended outcomes of data analysis were to identify feedback which
would help define how to design RehabChat. Application of the Framework Analysis
approach included: making initial coding notes on the completed feedback forms; defining
likely themes and categories to best fit the coded data; and organizing the data under the
themes and categories. Changes to the thematic model were made iteratively during
analysis to optimise clarity in how data was organized. Beta testing themes and main

categories are presented below in Table 11.

The results for beta testing are presented alongside the design changes implemented for
RehabChat in Table 12. The main areas of feedback were in regard to conversation style,
the HCI, navigation and usability, user perspective, the need to provide training, clinical
context and rehabilitation content. Feedback from beta testing included a number of
recommendations for changes to RehabChat regarding its clinical application and feasibility.
Specifically, these were in regard to enhancing specific aspects of goal setting, allowing for
more choice-making during progress reviews, and providing visual feedback on progress

being made.
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Table 11: Beta testing feedback - main themes

Theme

Feedback referenced to participant (P) & line number (L)

Acceptability &
usability in
clinic setting

Acceptability: non-intrusive (P4,
L108); no personal information
needed ((P1, L106)

Accessibility: easy to load &
get started (P4, L109); only
need ‘a link’ (P3, L99)

Integrate into clinic: ‘very
easily’ (P3, L100); need
clinician input (P1, L108); ‘I
think this could easily be used
along side usual care as an
extra support mechanism’
(P11, L95)

User
experience

Navigation: navigation seems
quite intuitive (P11, L23); liked
option to go back a few steps
(P1, L24); forward backward ok
but what if | want to jump a
section? (P9, L39)

Typing responses: ‘no
issues’ (P1, L21); user may
need help; have more
multiple-choice options (P4,
L26); typing for me is easy,
but | wonder about the BI
population? (P9, L36)

HCI: clear, easy to read (P1,
L16); easy to hear, good pace
(P3, L16);

Motivation &

Make choices: ‘to some extent,

Promote self-managing: yes,

Supports motivation: through

‘if the therapist could see the
data entered that would be
helpful’ (P1, L70)

client to review progress —
revisit goals. (P10, L72)

behavior when you can enter text, but because user-focused (P3, goal setting (P2, L63);

change less so when clicking the L107); ‘really think about ‘Provides support when
response buttons’ (P1, L99); to yourself (P7, L48) needed, helps to set goals and
an extent — dependent on review goals, keeping client
relationship with MDT (P8, L51) motivated and on track.” (P10,

L64)

Clinical Communicate with therapist: Support rehabilitation: Practice home tasks /

relevance & ‘encouraging the user to follow- ‘Definitely, clear goals are exercises: ‘looks like a good

use up with their therapist’ (P1, L62); | the focus’ (P4, L98); Enables | process’ (P6, L77); ‘need more

breakdown of the tasks.” (P3,
L74)

Ideas for future

Goal setting: set measurable,

User interface: ‘It would be

Give feedback: ‘More intervals

(P6, L31)

design specific goals (P5, L99); ‘More enhanced with more audio, than just baseline, halfway and
changes guidance could be provided in visual and interactive after the program.’ (P3, L60);
development of goals’ (P10, capabilities if possible.” (P3, may need to screen for
L113) L122) suitability (P9, L111)
Browser & Browser: Chrome (9); Safari (1); | Computer: laptop (5); Performance: ‘Good, no
computer Explorer (1) desktop (6) glitches or complications with
used; ECA the RehabChat itself.’ (P3,
performance L45)
Technical Avatar speaks some punctuation | Some entered content not Connections between
issues e.g. says dash for - (P6, L133) populating later dialogues dialogues at times not logical

(P2, L174)
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Table 12: Beta feedback: main themes; changes made to ECA

Main themes

Changes made to ECA

Clarity of conversation

Avoid long chunks of text;
reduce wordiness

Dialogues edited to reduce wordiness, but to still have same topic content

Provide explanations for
necessary jargon terms; avoid
unnecessary jargon

Jargon content has been minimised. For jargon terms included (e.g. goal, support
person), very simple explanations provided

Include clearer instruction for
when user is required to enter
freeform text

Specific, simpler prompt cues for when user is to enter freeform text included

Tense of variables filled by
freeform text entry by user

Corrections made to ensure tense for filled variables is correct when used across
different sections of conversation

Logic issues (some dialogues
linking incorrectly; some
variables not pre-filling)

Corrections made to dialogue logic decisions and to management of variables to
ensure dialogue flow is correct throughout conversation

User interface

Option to choose own avatar

Three avatar styles developed in accordance to W3C guidelines: a default avatar
(semi-formal female), and two other choices — a more formal female, and a semi-
casual male

Option to use voice-recognition

Voice recognition is available on ECA platform but not implemented due to
resource constraints regarding implementation of Natural Language Processing

Navigation and usability

Changes made to ECA

Able to navigate between
sections; consider a home
screen

Included a home-screen launch-conversation: in it, user has multiple-choice
options for specific parts of conversation (e.g. goal-setting, practice home
activities)

Able to review content when
wanted (e.g. exercises, goal)

User can review home practice activities as desired between clinic-based
appointments.

In ECA conversation, rehab goal regularly reiterated

Able to stop, and return to ECA
later

Client can pause or close ECA and re-open it later to resume from same point

Provide signposts of each
conversation section just
completed or to be done

At start of each conversation section, ECA explains the section At end of each
section, ECA recaps on content completed, and states next section to be done

Have an exit point after each
section

At end of each section, ECA states clearly when each section is finished, and
option/s for next section

User perspective

User’s prior experience using
technology impacts upon their
experience using ECA

ECA accommodates varied experience levels through a training module; a user
guide; and offering two conversation styles

Oversight clinician will screen for eligibility

Role of clinician clearly stated -
to help avoid unrealistic
expectations

Clinician’s role explained during recruitment, and participant’s initial training. ECA
refers to supervising clinician regularly. Clinician to provide clinical oversight,
including ensuring goals and home exercises are appropriate.

Provide training

Give prior explanation and
training

A simple user guide developed for client and clinician users, which explains
practical skills needed to use ECA.

Additional instructions for clinicians also developed, which explains clinician role.
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Main themes

Changes made to ECA

Additional ‘RehabChat Training’ module developed, which comprises easy to
understand, non-clinical content about weather and transport. The user firstly
completes the training module (in which they practise using ECA), and secondly is
assessed for competency in using ECA.

Allow opportunity to get used to
using it

Training module can be practiced multiple times by the user prior to them being
assessed.

User guide is an ongoing resource about key skills for using ECA.

Client will practice home exercises using ECA initially in clinic (rather than at
home) with clinician to support.

Contextualise to clinic setting

Clearly outline how ECA will be
used alongside usual
rehabilitation care

ECA is intended to be used alongside usual rehabilitation care. This will be
explained during recruitment and initial training, and is included in the additional
instructions for clinicians

Therapist to introduce ECA to
client

Therapist will nominate which of their clients is eligible to participate in the project.

Client learns to use RehabChat using Training module, with support of RehabChat
staff-person. Then, client and clinician use the ECA in the clinic setting.

Home exercise to be prescribed
by therapist

This will occur, and it will be explained to users during recruitment and initial
training, and also included in the additional instructions for clinicians

Client remembering to do
exercises

SMS messaging available with ECA software, but due to confidentiality
requirements will not be implemented in project. How to support client to
remember to do exercises for further discussion in workshops

Progress reviews (e.g. half-way,
weekly, at completion of
program)

ECA asks for details of a main rehab goal to be achieved by end of program, and
a half-way goal to be completed by half-way through the program. ECA facilitates
review of progress both at half-way through, and at end of, program. Frequency of
reviews for further discussion in workshops

Goal-setting to include SMART*
components

ECA asks distinct questions about SMART goal-setting components (17)

Increase motivational
component

ECA not changed significantly as principles of SDT and Ml already included (e.g.
client chooses goal and identifies reason for foal being important for them; a
support person identified)

Legend: ECA = embodied conversational agent; SMART = Specific, Measurable, Achievable, Relevant, Time-bound;
SDT =Self-Determination Theory; MI = Motivational Interviewing

4.4.2.2 Changes made to beta prototype

Following beta testing, RehabChat was substantially modified in response to participant feedback

(see Table 12). The conversation dialogues of RehabChat were modified to improve understanding

and to refine goal-setting content. Broader strategic changes were also made. RehabChat was

developed to incorporate a defined process for implementing it alongside usual care in the clinic

setting, the user guide was considerably simplified (see Appendix VII compared to Appendix XIl),

including incorporating a training module, developing a training process for users to complete prior

to intended clinical use, and clarifying the clinician’s supervisory role. These changes are

discussed in more detail below. It was this version of RehabChat, with its associated mode of

intended use, that was presented for end-user consultation in the four rounds of the co-design

workshops (see Chapter 5). Additionally, the beta testing feedback helped to clarify the
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methodology for the subsequent co-design workshops (see Section 5.5), and the feasibility pilot

trial (see Section 6.4).

Beta testing feedback directly informed how the conversation dialogues were to be constructed,
and the specific focus areas of conversation content, to align with the needs of clients. Both the
structure and style of the conversation dialogues were refined to include simple, plain English,
explanations of key concepts, reiteration of what the client had entered — for example, their main
rehabilitation goal, or details of the practice activities —, and more multiple-choice options. A
specific change made to the conversation content was to ensure a more definitive approach to
gathering SMART goal-setting information. As well, correction changes were made to the
dialogues including improving cues for the user when required to enter freeform text responses,
and correcting design errors which had impeded correct linking of inputted data for pre-set
variables and or linking these with subsequent dialogues.

A substantial change made to RehabChat following beta testing was development of a separate
ECA training module. This module contains two brief, simple conversations: a practice
conversation; and an assessment conversation. The ECA training module was designed to be
used to introduce the ECA to participants without focusing on the clinical goal-setting content. The
topics discussed are about weather and transport. These simple topics were chosen so as to
reduce the cognitive overhead of thinking through personal rehabilitation goals and needs. It was
thought that by reducing cognitive effort, the user will more easily become familiar and confident
using RehabChat.

Another key change made following beta testing was development of a distinct mode of intended
use and implementation for RehabChat. The intended mode of use includes: clinician oversight,
use alongside usual care, and align with established rehabilitation SMART goal-setting (17). The
aspect of clinician oversight is supported through 1:1 clinician training and the development of
additional clinician-specific instructions. The clinician’s role is also enabled by providing a recording
sheet for noting key content entered into RehabChat including goals and practice activities which
are developed. For SMART goal-setting, the ECA asks distinct questions about the SMART (17)
components of Specific, Measurable, Achievable. The Relevant component is reflected in that the
client chooses the main goal, and the Time-bound component is reflected in the goal being

something to achieve in a six-week period.

4.5 Discussion

Early testing of the ECA prototype RehabChat has examined its clinical relevance and potential
usability, and also identified aspects requiring further development. The appropriateness of the
conversation and dialogue structuring and the utility of the two style variants was confirmed by this

process. A similar approach for developing a CA for use in stroke rehabilitation — specifically for
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anxiety management — has been previously reported (156). In this study, many of the approaches
used to develop the CA were similar to those used for developing RehabChat. For example, in
their study, they used existing CA software, incorporated social engagement communication in the
CA dialogues to establish rapport, and focused on reducing effort in client users by for example
minimising the amount of click button responses required during the conversation (156). They also
identified key topic components which needed to feature in the conversation, and tested the initial
prototype in-house, following which technical issues were resolved (156). The final stage of testing
of their CA was with colleagues (due to difficulty recruiting clients) and it focussed on technological
ability and dialogue clarity of the CA. Feedback from this included the need to shorten the length of
the dialogues, and to improve the natural feel of the conversation by including acknowledgement
answers (156). Usability aspects in that study were appraised using the SUS, a structured
guestionnaire and also semi-structured interviews (156). Many of these research components were
addressed in the RehabChat project, including: existing software used and developed to an initial
prototype level; initial in-house alpha testing was conducted; and subsequent beta testing was
completed with feedback being gathered from post-graduate students and academic participants
through a comprehensive questionnaire covering aspects of usability, acceptability, and clinical
relevance. The comprehensive approach used for the design and development of RehabChat
provided the basis for further intended refinement and extension of it through the later co-design

workshops and a pilot trial.

4.6 Conclusion

This chapter has presented the design and development processes and in-house testing
implemented for achieving a stable model prototype of RehabChat ready for testing with clients
and clinicians. In-house testing also provided the basis for defining the intended mode of use of
RehabChat in the real-life setting. The next stages for developing the ECA prototype of firstly
conducting a series of four co-design workshops with clients and clinicians of the collaborating
brain injury rehabilitation clinics, and secondly, to conducting a feasibility and usability pilot trial at

the same clinics are explained in Chapter 5 and Chapter 6.
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5 Co-design workshops

“It's the actual things of seeing goals and other points reiterated that helps memory ... and the
process of all the questions, that helps [me] to imagine who [I] could be” (Quote from a current
client participant in the co-design workshops).

5.1 Overview

The overall aim of the co-design workshops was to further develop RehabChat through utilising
feedback from the three cohorts: current clients with traumatic brain injury (TBI), discharged clients
with TBI, and clinicians. Feedback from the four rounds of co-design meetings provided guidance
for implementing updates and modifications to RehabChat. The version of RehabChat used in the
workshops was that which was finalised following beta testing, and which included the actual ECA
prototype, as well as its intended mode of use for it in the clinical setting (see Section 4.4.2).
Participant feedback from the co-design workshops was analysed using a qualitative Framework
Analysis approach (171, 206). Framework Analysis, although initially developed for social policy
research, has also been used in qualitative research including applied health research (171, 206);
and this RehabChat project is applied health research. The Framework Analysis approach is also
useful for analysing data in which participants have discussed similar topics of data albeit sharing
different perspectives on these topics (206). This was relevant for the current RehabChat study in

that within each round of workshops, each cohort were asked the same topics of questions.

Data analysis focussed on extracting data relevant to deciding upon changes needed for
RehabChat (both the ECA and its intended mode of use) such as in regard to participant clinical
needs as they related to RehabChat, and any recommendations for changes to RehabChat that
participants shared. These data provided the basis for making subsequent, targeted changes to
RehabChat during and following the workshops, to develop a final refined prototype. For this
refined prototype, an additional round of alpha testing was completed prior to the final stage of

testing — the mixed methods feasibility pilot trial (see Chapter 6).

This chapter presents the rationale, methodology, and results of the co-design workshops
conducted with clients and clinicians of two ambulatory care brain injury rehabilitation clinics of a
specialist state-wide brain injury rehabilitation service situated in metropolitan settings. One of
these clinics provides care for clients with moderate-severe acquired brain injury (ABI) including for
clients with traumatic brain injury (TBI); the other clinic provides care for clients with mild TBI. The
methodology for this project was developed with input from and consultation with the research
coordinator for the brain injury rehabilitation services. The methodology carefully meets the needs
of clients such as fatigue and difficulty concentrating, as similarly reported for co-designing with
participants with learning disabilities (172). Unique approaches are needed for co-design when
participants have specific needs regarding communication, such as occurs with adults with
traumatic brain injury (TBI). Developing a successful novel digital health intervention should
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incorporate in-depth co-design consultation with intended end-users (176) to obtain the unique
perspectives of different groups of participants. Because RehabChat is intended to support
engagement in rehabilitation and to be used by clients with oversight provided by a clinician, it is

necessary that co-design should include both client and clinician participants.
5.2 Relevance of using co-design to further develop RehabChat

Co-design with intended end-users should be incorporated when developing a novel digital health
intervention for self-management (176) or behaviour change (73). A recent review on the
effectiveness of digital health platforms for self-management of non-communicable diseases,
highlighted the necessity for iterative client-centred co-design of the digital health tool (207).
Previously, co-design focus group consultations have been conducted for developing CAs to
support clients with Parkinson Disease: for communication and speech needs (131), and for
education and self-management needs (132). Co-design has previously been implemented for
brain injury rehabilitation: with clients to develop solutions relating to employment (177) and self-
management strategies (178), and with clinicians for developing telerehabilitation services (179).
Similarly, end-user engagement is a central tenet of Living Laboratory (160) and has been aligned
for specific use with designing technology tools (164) including for clients with TBI (162). Previous
research has involved clinician experts in iterative consultation about the development of a

messaging digital platform to support mental health (107).

5.3 Meeting the needs of client participants in how the co-design

workshops were conducted

The specific needs of clients with TBI were addressed and met in how the co-design workshops
were conducted. This was achieved through applying principles of precedent examples and
recommendations reported in relevant literature, as discussed below, and through responsively
adapting the delivery of the co-design meetings in response to client needs, such as reported
fatigue, and levels of engagement, such as needing extra time to complete using a portion of the

RehabChat conversation.

The literature provides a humber of relevant principles and examples which were considered that
relate to how to conduct the co-design workshops so as to accommodate participants’ needs
including cognitive fatigue and memory challenges. A range of co-design approaches previously
used with participants with learning disabilities, are relevant also for participants with TBI. These
approaches include: acknowledging and acting upon participant choices and feedback;
empowering participants to perceive themselves as active influencers in the project; using
cognitively similar approaches across different feedback sessions; and ensuring that materials

delivered in sessions match participants’ abilities (172).
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5.4 Research aims and objectives

The aims and objectives for the co-design workshops are presented below. These refer to both of
the rehabilitation clinic settings (for moderate-severe ABI/TBI and mild TBI) involved in this project,
and to the plan for recruitment: of 5 clinicians and 10 clients (5 current clients and 5 discharged
clients). The aims and objectives in overview endeavour to reflect the main purposes of this project
— to understand the motivational needs of clients during rehabilitation, to collect feedback about
and recommendations for RehabChat, and to ultimately develop a refined, stable model version of
RehabChat to be used in the subsequent feasibility pilot trial. Aims 2 & 3 and Outcomes 2 & 3 were
achieved in four iterative cycles through four workshops. Each of these aims aligns to the
overarching research questions for this PhD (see Section 1.13), as indicated in bracketed notes for

each aim below.
Aim 1: (Aligns with the main research question, and research sub-question 2)

Define the motivational support needs of individuals with traumatic brain injury during their
rehabilitation, through workshop discussions with participants.

Outcome 1:

Report on the needs of clients for motivational support during their recovery following traumatic

brain injury.
Aim 2: (Aligns with the main research question, and research sub-questions 1 and 2)

Through workshop discussions, explore how clinicians and individuals with traumatic brain injury

would like an ECA intended to support the motivational needs of clients to be designed,.
Outcome 2:

Identify recommendations for the design of the ECA from clients with TBI and clinicians, through

workshop discussions.
Aim 3: (Aligns with the main research question, and research sub-question 1)

Integrate the design recommendations made by clients with TBI and clinicians during the workshop

discussions regarding the design of an ECA for supporting motivation in clients.
Outcome 3:
Achieve a refined, stable model ECA which is designed to support motivation for clients.

Aim 4: (Aligns with the main research question, and research sub-questions 2 and 3)
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Through workshop discussion with clients with TBI and clinicians of the clinics, define the way in
which the ECA could be used in clinical practice alongside usual care, and also in a subsequent

feasibility pilot trial at the same clinics.
Outcome 4:

Report on the way in which the ECA will be used in a subsequent feasibility pilot trial at these same

clinics.
5.5 Methodology for co-design workshops

The ECA version used for the co-design workshops was the refined prototype developed in
response to beta testing feedback. This version incorporated a training module and a rehabilitation

module (see Section 4.4.2).
5.5.1 Ethics details

Full ethics approval was obtained for these co-design workshops from the Central Adelaide Local
Health Network Human Research Ethics Committee (CALHN HREC) and the CALHN Governance
Committee, project number 13007. See Appendix VIII for the ethics approval letters.

5.5.2 Population, Context, Concept

The Population, Context, and Concept (PCC) for this project were focussed specifically on the
intended clinical setting and on the prototype of RehabChat developed following beta testing. The

specific PCC details are presented below.
5.5.2.1 Population: Three cohorts

Three cohorts for the two intended clinic settings were chosen to participate in the workshops, to
optimise the ability to gain different perspectives from each. The three cohorts were: previous
clients discharged between one and three months ago; current or recently discharged (within the
previous month) clients; and clinicians of any registered profession. Discharged clients were
included to provide feedback based on their experience during their rehabilitation as well as
contextualising their rehabilitation experience to the needs and priorities they have experienced
following discharged. Current clients provided perspectives of their real-time experience in
rehabilitation, with the benefit of this being an emerging an ongoing experience whilst the
workshops were running and so would not require the effort of memory recall. For clients recently
discharged in the prior month, their rehabilitation would still be a close enough experience to
require less cognitive effort to recall. Finally, clinicians were included to draw upon their real-time,
ongoing experience of supporting clients during rehabilitation, including considering aspects such

as client motivation, and the use of digital technology for the care of their clients.
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5.5.2.2 Inclusion criteria

Inclusion criteria were presented on promotional posters (see Appendix XlI) and brochures,
considered during the eligibility screening process conducted by clinicians, and discussed during

the consent process.

Clients: Eligible client participants included clients who were currently receiving care or had been
discharged within the three months prior to being screened. All client-participants needed to have
sustained a TBI. They also needed to be able to use a hand-held tablet device for the ECA, in
regard to hand dexterity, visual acuity and any other factors such as comfort in using technological
devices. As well, they needed to have mental capacity to provide their own consent to participate in
this project.

Clinicians: Eligible staff-participants were registered clinical professionals working at ether clinic.
Any clinician of the clinics was eligible to participate, including staff who were a clinical professional
but who were working in a role connected to provision of clinical care, but which did not include

providing direct clinical care.
5.5.3 Context: clinical settings

The clinical settings for this project were two state-wide ambulatory care brain injury rehabilitation
services located in metropolitan Adelaide. One of these services provided care for adults with mild
TBI. The other service provided care for adults with moderate-severe ABI arising from varied
aetiologies including clients with TBI. Both services provided multi-disciplinary care within

outpatient, home-based and tele-rehabilitation contexts.
5.5.4 Concept: use RehabChat, provide feedback, and give recommendations

These co-design workshops provided a group setting for participants to use RehabChat, and to
review RehabChat at subsequent workshops regarding changes made in response to previous
feedback. The workshops also enabled feedback to be gathered from participants regarding their
needs and experiences during rehabilitation, and their thoughts about RehabChat, and for the
researcher to explain and demonstrate the iterative changes made to RehabChat between each

workshop in response to feedback.

The workshops were conducted as a series of four rounds of meetings. The first three rounds of
workshops were presented in separate meetings for each cohort. This was because of the inherent
power difference between clients and clinicians, and the different perspectives of discharged and
current clients. The final workshop was held with all participants together as a way to demonstrate

equality between the participants, and opportunity for them to comment collectively on the

127



penultimate version of RehabChat. Below is a flowchart of how the four rounds of co-design

workshops were conducted (see Figure 12).

clients & staff
eUp to 5 people in each
ediscuss motivational

needs of clients during
rehabilitation

eUse RehabChat App
eRecommend changes

After the 1st workshop,

After each subsequent

* 2nd & 3rd
workshops

eSeparate meetings for
clients & staff

eUp to 5 people in each

*Try-out the updated
RehabChat App

eRecommend changes

4 workshop, researchers
: e 1st worksho ) continue to make 4 . I
.p changes to the ¢ Final 4th
eSeparate meetings for RehabChat App workshop

e All participants (up to
15) join together at a
single meeting

eTry-out the updated
RehabChat App

*Make final change
suggestions for change

eDiscuss clinic App use

researchers review the

After the final workshop,
researchers finalise
RehabChat App design &

\- Discuss clinic App use /

feedback & update the
RehabChat App

mode of use for later
pilot trial

Figure 12: Flowchart showing how the four rounds of co-design workshops were conducted

5.5.5 Screening and recruitment

Prior to recruitment, an information talk was presented to clinicians of each clinic to explain an
overview of the project, and the commitment required of participants. Promotional posters (see
Appendix XI) were placed at both clinics. Interested clinicians expressed interest to the researcher
(JH) who followed up regarding recruitment. Recruited clinicians screened potential clients for

eligibility, and eligible clients were invited to consider participating in the project.

Each interested potential participants received an information and consent form and completed a
formal consent process with the researcher. Consent was confirmed prior to commencing
participation and reconfirmed via a telephone call prior to each meeting. All participants were free
to withdraw from the study at any time. The data already obtained from the participant during their
participation in workshop/s preceding their decision to withdraw would still be used in the project.
This was because it would be impractical to identify the data and remove it due to the data being

captured as an audio file of a group discussion.

5.5.5.1 Sample size
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A sample of 15 participants (up to five clinicians; up to five discharged clients (discharged 1-3
months ago); and up to five current or recently discharged clients (within the previous month)) was
targeted to take part in the study. These numbers are based upon recommendations for co-design

usability projects from the Nielsen Norman Group (https://www.nngroup.com/articles/how-many-

test-users (viewed 14-2-20)) that a sample size of 5 participants is sufficient for each end-user
cohort. These recommendations were cited by the United States government technology

development website usability.gov (www.usability.gov/how-to-and-tools/methods/recruiting-

usability-test-participants.html (viewed 14-2-20)). Additionally, if at least one client was recruited

from either service, then at least one clinician from the same service needed to also be recruited.
Client participants were welcome to invite a family member, friend, or carer (carer) to attend with

them. However, the carer would not participate in the workshop discussions.
5.5.5.2 Eligibility screening for client participants

A specific screening process was used for identifying eligible clients which met the requirements of
confidentiality and the CONSORT guidelines regarding reporting of screening, recruitment and
allocation processes (4). Recruited staff champions of the two clinics were responsible for
screening potential client-participants for eligibility, with support from the service research
coordinator. For screening and recruitment of client-participants, only clinic staff reviewed client
records, and the researchers only reviewed demographic details of potential client-participants who

expressed interest in participating.

Screening staff were instructed how to conduct the screening, and to record the process. The
screening process was recorded onto an Excel (6) sheet to ensure all data required by the
CONSORT statement (4) was obtained, including total number of clients considered, number
eligible, and the number finally recruited. At completion of the project, this sheet was deidentified
by clinic staff prior to sending it to the researcher. Contact made by the two clinics with eligible
potential client participants was conducted via phone calls, text messaging and email. The wording
of the scripts for these communications was pre-determined, and developed in consultation with
the staff champions, research coordinator and clinic secretary. Screening staff were instructed
regarding that discharged clients needed to have been discharged no longer than three months

prior to the date on which the screening was conducted.
5.5.6 Participant commitment

Participants were invited to attend four 60-minute online (Zoom) video-conference meetings held
approximately every 2-3 weeks over a two-month period (see Section 5.5.4). At the completion of
the workshops, all participants were sincerely thanked for their participation, and invited to tell the

researcher if they would like to be contacted regarding the subsequent feasibility pilot trial. As well,
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each client participant was given a $25 gift card as a token of appreciation for participating in the

project.
5.5.7 How co-design workshops conducted

Participants used RehabChat on an iPad during the co-design workshops. Only one type of tablet
device — an iPad —was used during the workshops, rather than utilising an alternative android
tablet as well. This was to ensure that all participants had the same experience of using the ECA
on a hand-held device. The iPad was configured with two RehabChat click icons on the home
screen — one for the training module and one for the rehabilitation module (see Figure 5 in Chapter
4). Each participant kept the iPad with them for the duration of the workshops. As well, participants
who were discharged were provided with a second iPad upon which the tele-conferencing was
done. (Participants who were clinicians or current clients would already have a computing device
which they use for tele-conferencing). All participants, irrespective of their experience using an
iPad or CA, were provided with 1:1 training prior and a RehabChat user guide to the workshops to
ensure they learnt the simple steps of turning the iPad on/off and opening and closing RehabChat,

as well as using Zoom.

The co-design workshops were conducted in ways to meet the clinical needs of clients, such as
minimising fatigue and reducing cognitive effort. This was achieved through having a short break at
half-time, by delivering the workshop content in a predictable manner, and using both visual cues
(through PowerPoint) and spoken information by the researcher. Extra time and reiteration were
provided for participants to think through each topic and what feedback they would like to give. As
well, emphasis was given to providing sufficient time to use RehabChat in small chunks, and then
to provide opportunity for the participants to provide feedback on just that chunk. Responsive help

and trouble-shooting was provided by the researcher as needed for any participant.
5.5.7.1 Potential risks to participants and risk mitigation

During the workshops, known risks as discussed below, and also the potential for unknown risks,
were mitigated by the researcher presenter monitoring for participant stress. The researcher was

experienced in understanding the needs of clients with brain injury and in identifying distress.

Potential known risks to workshop participants included becoming upset or distressed by the
discussion topics or questions, as can occur with any discussion-based research. If a participant
became upset or distressed, they could take a rest break, and return to the workshop when ready.
They could also discuss their needs with their clinician, ring Beyond Blue, or talk to the researchers

who would assist them to receive any needed support but would not actually provide the support.
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An additional known risk was that participants may become tired during the workshops. If so, they
could take a rest break and recommence their participation when they felt able. Additionally, they
could let the researcher know if they needed any support for this, and the researcher could

facilitate this as required.
5.5.8 Content for Workshops

Each workshop included three main sections: researcher-led presentation of content, use of
RehabChat on the iPad, and group discussion about RehabChat facilitated by the researcher.
PowerPoint was used during the meetings to convey visual information, including showing details
of changes made to RehabChat. Information was presented at a relaxed pace, to allow participants
time to digest the ideas and generate and share points of feedback. Content for each of the
workshops included an overview of the research process, presentation of the main topic for the
workshop, and use of RehabChat. The RehabChat ECA was used on an iPad by each participant.
Three avatar styles chosen from the available options in the Clevertar software were trialled in the
workshops: a Eurasian, semi-formal lady with Australian accent; an Anglo-European, formal lady
with English accent; and an Anglo-European, informal male with Australian accent.

The first workshop explored clients’ experience of motivation and goal-setting during rehabilitation,
and then introduced the ECA. Each of the following three rounds of workshops presented the
updated ECA incorporating changes made in response to feedback in the prior workshop, as well
as participants using further sections of RehabChat, and being able to provide their feedback
comments. The second workshop focussed primarily on the user interface (Ul), and the third
workshop focused on how RehabChat would be integrated into the real-life clinical setting. The
final fourth workshop covered both of these and other areas. Details for each workshop round are

provided below.
5.5.8.1 Three main topics discussed in workshops

The three overarching topic areas discussed in the workshops were: client needs regarding
motivation and their rehabilitation goals; content of the conversation dialogues presented by the
ECA,; and aspects of the ECA human-computer interface. These topics were explored iteratively

across the four rounds of workshops, and are presented below.

1. Motivation and rehabilitation goals were discussed with specific attention given to: how
does motivation impact upon rehabilitation?; what helps and/or hinders motivation?; how
are goals set and achieved?; how does motivation link with goals?; what helps achieving

goals?
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2. Specific ECA conversation dialogue factors considered included how best to support

motivation and goals; how long the sentences or question should be; and the style of

wording.

3. Specific Ul factors discussed were the visual display, avatar presentation, size of text,

colour schemes, audio output (speed/prosody rate, accent).

5.5.8.2 Overview of semi-structured questions for workshops

A question guide for the workshops was developed which included the main principles of the
WCAG (158) (see Section 4.3.3.3) and specific areas about the design of RehabChat and how it
may incorporated into the clinical setting. See below for examples.

1. Web Content Accessibility Guidelines (WCAG) principles (158)

a.

Perceivable: Audio clear?; Text clear?; Level of wordiness; Detail & complexity of
wording

Operable: ease of launch, navigate, close; Using typing; Selecting a click button
Usable: for clinic & home use; general how easy to use; how well will client use
independently at home?; training needed?

Robust: how will it perform being used in the real-life clinic setting?; how will it

integrate alongside usual care?; how independent will the client be in using it?

2. World Wide Web Consortium Web Accessibility Initiative (W3C WAI) (158)

a.
b
c.
d

e.

f.

Adaptable: Is information presented in a way that is easy to understand?
Readable: Can text —based information can be read and understood easily?
Predictable: Does the tool behave as anticipated?

Input Assistance: Does the tool help users enter data correctly and avoid
mistakes?

Enough Time: For users to read and use tool

Navigable: Is the tool easy to navigate and has cues and helps to aid this process?

3. Clinical factors

a.

c.
d.

Clinician support: how much; in what way; when to have support; what support
from RehabChat staff is needed?

Conversation style: styles: longer, more supportive; : shorter, more directive; Who
chooses style? — preference, clinical need

Motivational support: How to optimise, e.g. dialogue content

Integrate into clinical setting: Focus upon the mode of implementation

4. User interface

a.

ECA HCI options: Selecting click buttons; Using multiple choice; Entering freeform

text
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b. Avatar — 3 styles: Eurasian, a bit relaxed, female; Anglo-European, formal, female;
Anglo-European, informal, male; Consider visual aspects and tone of voice;

Consider if it would be important for client/clinician to choose avatar
5.5.8.3 Iterative development of RehabChat in response to feedback

In preparation for the second, third and fourth workshops, the RehabChat ECA was updated prior
to each round of workshops in response to feedback from the previous workshop. The updated
version of the ECA could be remotely configured to each participant’s iPad, and therefore utilised
in the subsequent workshop. Presentation of these workshop rounds incorporated PowerPoint and
spoken discussion by the researcher, and followed presentation structure below:

1. A succinct summary of the research project by the researcher in regard to the overall
purpose, the point of progress in which the project was at (e.g. the third of four meetings),
and that participants were free to contribute or not, and to take a rest when needed.

2. Provide a summary overview of the main points of feedback from the previous meeting.
This summary reflected feedback from all cohorts

3. Describe how the feedback determined the type of changes for RehabChat, and which
areas of feedback had either not yet been implemented, for example because needing
further software refinement, or were not able to be implemented, for example if the software
capabilities did not allow for it.

Explain the actual changes made to RehabChat.
Participants use RehabChat’s rehabilitation module, and therefore experience the new
changes integrated within it.

6. Participants share their feedback about RehabChat using an informal speak-aloud

approach, as well as answering semi-structured question by the researcher.

The meeting closure included acknowledgement of the participants’ input, and details for how the

next meeting would be organised.
5.5.9 Data collection and management

The data collected in this project were demographic information of participants collected via a
guestionnaire, and audio content of workshop discussions gathered through digital audio

recording.

Separate demographic questionnaires were implemented for client and clinician participants. For
client participants, it asked details of their age, gender, vocation or occupation, and how long they
had been a client at either clinic. For clinician participants, the questionnaire asked about age,

gender, clinical profession, and how long they had worked in their profession in total, and also in
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brain injury rehabilitation at any setting and also more specifically at either of the participating

clinics in this project.

The audio recordings data was deidentified using version 3.1 of Audacity® recording and editing
software (2), and then transcribed using Microsoft Transcribe software (12). Each transcription was
checked for accuracy by reviewing it alongside listening to the deidentified recording, and making
corrections as required. The corrected transcript was analysed thematically using a Framework
Analysis approach (171). The transcription data was coded into themes and sub-themes using
NVivo software (14). An audit check of the thematic analyses undertaken was completed by one of
the PhD supervisors (BL). Following their feedback, the number of sub-themes was increased to

better categorise and clarify the nature of the feedback data.

The coded data for the themes and sub-themes was organised onto separate tables for each
workshop, with a separate column for each cohort in each table. This allowed for varied and
multiple themes for each cohort to be identified for each workshop round. Following completion of
the workshops, the data was iteratively reviewed and organised to enable these varied themes to
be organised into themes that were common across all four workshop rounds (see Table 18).
Finally, feedback which related directly to recommendations for changes needing to be made to
RehabChat were pulled across into a separate table (see Table 19). Changes were made to the
ECA platform in response to these recommendations (see Section 5.6.13).

Following the final workshop, clinicians contacted the researcher to provide additional feedback via
email and also at a subsequent short meeting. This feedback was not included in formal data
analysis, but instead used as general stakeholder consultation which helped inform planning for

the user testing completed with clinician-participants during the start of the feasibility pilot trial.
5.5.10 Second alphatesting of ECA

Following completion of the workshops, data analysis, and changes being made to the ECA in
response to feedback (see results presented at Section 5.6 below), a second round of alpha
testing was completed for RehabChat. Similar to the first round of alpha testing completed during
in-house development (see Section 4.4.1), the second alpha testing was completed to test for
technical glitches and any apparent disjuncture in the flow of the conversation within and between
dialogues. Second alpha testing was completed using the stable model ECA which was developed
after the end of the workshops, as per the table of changes (see Sections 5.6.13 and 5.6.14). Two
cycles of testing were required due to numerous changes being made to RehabChat after the first
cycle. At the first testing cycle, the participant and researcher sat in the same room, and the
participant used RehabChat on an iPad. The second cycle of testing was conducted via Zoom due
to Covid-19 factors. During it, the participant used RehabChat on a personal computer (PC), and
utilised screenshare as well as providing screenshots of technical problem areas, which assisted
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later when the researcher was resolving the glitches. At both testing cycles, the researcher
observed how the ECA was being used and took notes of any content disjuncture or technical
glitches. Afterwards, the researcher condensed the findings into tabular format, and proceeded to

resolve the issues where possible.
5.5.11 Preparing the refined prototype to be integrated into clinic setting

Following completion of the second alpha testing, the ECA was prepared ready for the subsequent
feasibility pilot trial in which it was used alongside usual rehabilitation care. To achieve this, the
researcher discussed the intended implementation of RehabChat for the feasibility pilot trial (see
Chapter 6) with the clinics’ Information Technology Administrator, who then facilitated a seamless
integration of RehabChat into the clinic setting (see Section 5.6.15). Additionally, the researcher
discussed with the relevant administrators about what were the needs for a specified case-note
entry to be made by participating clinicians in the pilot trial (see Section 5.6.15).

5.5.12 Responsive technical checking and resolving of glitches

Software functionality was monitored prior to, during and following the workshops and as iterative
design changes were made. Any glitches identified were resolved in-house and where needed with

assistance from Clevertar.
5.6 Results

The co-design workshops were conducted from 30 March to 26 May 2021 at intervals of two to
three weeks. All workshops were conducted using Zoom. Four clinicians were recruited (two from

each clinic).
5.6.1 Screening and recruitment details

Overall, 88 clients were screened for eligibility, and nine clients were recruited to the study. Details
of the results from screening and recruitment of all screened clients are presented in Table 13.
Results specifically for each clinic are presented in Figure 13 and Figure 14. These results are
discussed below with reference firstly to discharged and current clients, and secondly in regard to

each clinic.

Results of screening of discharged and current clients showed that 25 discharged and 63 current
clients were screened, and for the nine clients finally recruited five discharged clients and four
current clients were finally recruited. Reasons for exclusion included: not meeting the inclusion
criteria (36 clients: 13 discharged; 23 current); declined (eight clients: eight current; nil discharged),
and stress (four clients: two discharged; two current). Attrition was one discharged and one current
client.
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Results of screening and recruitment based on clinic revealed that the number of clients screened
for eligibility was 30 for the mild TBI clinic, and 58 for moderate-severe ABI clinic. The number of
clients recruited to each study was five from the mild TBI, and four from the moderate-severe ABI
clinic. It is important to remember that clients from the clinic for moderate-severe ABI were only
considered if they had a TBI. Attrition was two clients from the mild TBI clinic, and no clients from

the moderate-severe ABI clinic.
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Table 13: Co-design workshops CONSORT details of screening and recruitment of client-participants: numbers for each stage

Clients Reasons
Clients excluded # clients # clients
Clinic Cohort screened Total Not meeting Unable to Declined | Other recruited Attrition completing
inclusion follow-up to study Workshops
criteria

Mild TBI Current 25 23 - 12 8 Psychosocial n=1 2 1* 1

clients Stress n=2

Discharged 5 2 2 - - - 3 1* 2

clients
Mod — severe | Current 38 36 23 10 - Overload/stress n=2 | 2 0 2
ABI clients Communication

difficulties n=1

Discharged 20 18 11 7 - - 2 0 2

clients
Total numbers | Current 63 59 23 19 8 6 4 1 3
for each clients
cohort

Discharged 25 20 13 7 - - 5 1 4

clients
Total Both 88 79 36 26 8 6 9 (10% of 2 7 (8% of
numbers (%) @ cohorts total) total)

combined

Legend: # = number of; TBI = traumatic brain injury; ABI = acquired brain injury; * = withdrew after 15t workshop



CURRENT CLIENTS

I

CLIENTS WITH MODERATE - SEVERE
ACQUIRED BRAIN INJURY

DISCHARGED CLIENTS

Screened prior to eligibility assessment (n =
38)

'

Excluded (n=0)

A

Assessed for eligibility (n = 38)

I

Excluded (n = 36)
" Not meeting inclusion criteria (n = 23)
Other reasons: Overload (n =2 );
Communication difficulties (n =1);
Unabile to follow-up (n = 10)

A 4

Recruited to workshops(n = 2)
* Participated in workshops (n = 2)
" Did not participate in workshops (n = 0)

A 4

Lost to follow-up (n = 0)
Discontinued workshops (n = 0)

Y

Participated in all workshops (n = 2)

[ Screened ]
[ Enrollment ]
[ Allocation ]
[ Follow-Up ]
[ Participation J

!

Screened prior to eligibility assessment (n =
20)

\ Excluded (n=0)

A

Assessed for eligibility (n = 38)

Excluded (n=18)
Not meeting inclusion criteria (n = 11)
" Other reasons: Unable to follow-up (n =
7)

Recruited to workshops (n = 2)
* Participated in workshops (n = 2)

" Did not participate in workshops (n = 0)

Y

Lost to follow-up (n = 0)
Discontinued workshops (n = 0)

Y

Participated in all workshops (n = 2)

Figure 13: Co-design workshops CONSORT screening and recruitment details for clients with moderate -

severe ABI
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CLIENTS WITH MILD TRAUMATIC BRAIN

CURRENT CLIENTS INJURY DISCHARGED CLIENTS
Screened prior to eligibility assessment (n = Screened Screened prior to eligibility assessment (n =
25) 5
A4
Excluded (n=0) Excluded (n=0)
y \ 4
Assessed for eligibility (n = 25) [ Enroliment ] Assessed for eligibility (n = 5)
Exclude_d (n= 23)‘ _ Excluded (n =2)
" Declined to participate (n=8) " Other reasons: Unable to follow-up (n =
" Other reasons: psychosocial (n = 1); 2)
stress (n = 2); Unable to follow-up (n =
12)

Recruited to workshops (n = 2) [ Allocation ] Recruited to workshops (n = 3)
" Participated in workshops (n = 2) " Participated in workshops (n = 3)
“ Did not participate in workshops (n = 0) " Did not participate in workshops (n = 0)

A 4 \ 4
Lost to follow-up (n = 0) Follow-U Lost to follow-up (n = 0)
Discontinued workshops after first workshop offow-Up Discontinued workshops after first workshop
(too busy with other commitments) (n = 1) (too busy with other commitments) (n = 1)

A 4 Y
Participated in all workshops (n = 1) [ Participation ] Participated in all workshops (n = 2)

Figure 14: Co-design workshops CONSORT screening and recruitment details for clients with mild TBI
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5.6.1 Demographic details

Clinicians recruited to the project (4 F, 0 M) included one occupational therapist, one
physiotherapist, and two speech pathologists. The number of years they had practiced in
their profession was the same as the length of time they had practiced in brain injury
rehabilitation (mean = 14 (range 4, 23)) (see Table 14).

Discharged clients (1 F, 4 M) had varied timeframes since being discharged (mean = 22.6
weeks (range 12, 36) (see Table 15). Current clients (2 F, 2 M) had varied times for how
long they had been receiving rehabilitation care (mean = 21.25 wks. (range 4, 30)) (see
Table 16).
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Table 14: Demographic data for clinicians in co-design workshops

Age Years Yrs working in Yrs at
Clinic Gender 9 Profession - brain injury T
bracket practicing rehab this clinic
1 Mod- Female | 45-54 Speech 27 20 20
severe Pathologist
ABI
2 Mod- Female | 45-54 Physiotherapist | 30 23 23
severe
ABI
3 Mild TBI Female | 35-44 Speech 4 4 8 months
Pathologist
4 Mild TBI Female | 25-34 Occupational 10 9 3
Therapist
Mean; 17 (4,30) | 14 (4, 23) 11.5
(Range) (0.65, 23)

Legend: Mod-severe = moderate to severe; TBI = traumatic brain injury.

Table 15: Demographic data for discharged clients in co-design workshops

. Age . Time attending How long ago
Clinic Gender bracket Vocation clinic discharged
1 Mod-severe Male 65-older Retired 46 wks. 17 wks.
ABI
2 Mod-severe Male 35-44 Unemployed Approx. 9 mo.T approx. 6 mo.*
ABI
3 Mild TBI Male 55-64 Avionics 16 wks 12 wks.
Technician
4 Mild TBI Female 45-54 Registered Nurse | 3.5 mo.¥ 5 mo.!
5 Mild TBI Male 35-44 ICT Officer 9 wks. 36 wks.
3M, 2F Mean=24.8 wks. | Mean=22.6
(Range 9, 46) wks. (Range
12, 36)

Legend: Mod-severe = moderate to severe; TBI = traumatic brain injury; wks = weeks; mo = months. Values
approximated for purposes of calculating mean and range: * = 26 weeks; + = 22 weeks; T = 39 weeks; £ = 14

weeks.

Table 16: Demographic data for current clients in co-design workshops

Clinic Gender Age Vocation T|_m_e attending H.OW long ago
bracket clinic discharged
1 Mod-severe Female 55-64 Unemployed Approx. 6 1 month
ABI months*
2 Mod-severe Male 35-44 Process Worker 4 weeks N/A as current
ABI client
3 Mild TBI Male 35-44 Building 25 weeks 1 month
Maintenance
4 Mild TBI Female m.d. m.d. Approx. 7 N/A as current
months' client
2M, 2F Mean=21.25
wks. (Range 4,
30)

Legend: Mod-severe = moderate to severe; TBI = traumatic brain injury. Values approximated for purposes of

calculating mean and range: * = 26 weeks; + = 30 weeks; N/A = not applicable.
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5.6.2 Participation and retention

Participation in the pre-workshop training and co-design workshops is presented in Table 17
below. All 13 participants completed pre-workshop training and the first workshop round.
Eleven participants attended the second and fourth rounds, and 10 attended the second
workshop round. Two client-participants (one per cohort) withdrew after the first workshop

due to being too busy.

Table 17: Completion of pre-workshop training, and attendance at co-design
workshops

Stage Clinicians Current clients Discharged clients
Pre-workshop training: | 4 4 5

use iPad, ECA, Zoom

Workshop 1 4 4 5

Workshop 2" 4 3t 4%

Workshop 3" 38 3 4

Workshop 4! 4 3 4

Legend: * = separate meetings for each sub-cohort; + = sub-cohorts all together; + = 1 current client withdrew
following first workshop; £ = 1 discharged client withdrew following first workshop; § = 2 clinicians attended at
main meeting, and 1 attended separately due to time constraints; 1 other clinician was unable to attend

5.6.3 Nine main themes of feedback across four rounds of workshops

Results of thematic analysis of the transcriptions for all workshop meetings revealed nine
main themes, with five of these (#5-9) being represented in all workshop rounds (see Table
18). Four themes (#1-4) relating to motivation and participation in rehabilitation were present
almost exclusively in the first workshop round. Three themes focussed on the client-clinician-
ECA interactions: #5 Clinician input when client using RehabChat; #6 Goalsetting / pursuit
conversation; and #7 Meet client needs in ECA. Finally, two themes related specifically to
user experience: #8 Current aspects that improve user experience (UX); and #9 Suggestions
to improve user experience (UX). Qualitative results for each main theme as well as sub-
themes related to each main theme are presented below in Sections 5.6.4 to 5.6.12. The
results are presented narratively, with relevant participant quotes highlighted in italics font.
For the first three rounds of workshop meetings in which each cohort attended a separate
meeting, the coding used for participants’ quotes is CL = clinician, CC = current client, DC =
discharged client, R1 = first round of workshop meetings, R2 = second round of meetings,
and R3 = the third round. Presentation of feedback from the final fourth workshop meeting,
in which the three cohorts were present together, is provided through summative comments

on the perspectives and recommendations shared by participants at that meeting.
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Table 18: Main themes across four rounds of co-design workshop

# Theme Workshop 1 Workshop 2 Workshop 3 Workshop 4
1 Motivating factors v \
2 Demotivating factors v
Enablers to participation in
3 v
rehab
4 Barriers to participation in N
rehab
Clinician input when client
5 using RehabChat v v v
6 Goal setting and pursuit \ \ S \
7 Meet client needs in ECA v \ S \
Current aspects that
8 improve user experience v \ S \
(UX)
9 Suggestions to improve N N N N

user experience (UX)

5.6.3.1 #1 Motivating factors

Participants reported that support from caring people was an important motivator. Motivation
was helped by ‘having people that listened and let you heal the way that you knew you had
to’ (CC, R1). These people could be family because ‘family, they knew what | could do so
they motivated me heaps every day’ (DC, R1). Similarly, having a goal to return to usual
family roles was a key motivational factor — ‘you know like getting your kids ready for school
and concentrating on different things at home, even if it's cleaning up to try and make
yourself know that you're not, you're not nothing because you're not at work’ (CC, R1). Goals
if they are personally meaningful were reported as another motivating factor — ‘Motivation is
around finding something that's meaningful for the client, which may not be meaningful for
us, but may be meaningful for them’ (CL, R1), which links to the sense of forward thinking
also being a motivating factor — ‘Like enthusiasm, | guess but also hope for the future or
something like that’ (DC, R1). The relationship between motivation and emotional recovery
was also highlighted as being an interrelated journey — ‘they're all interrelated. ... For
example, a meaningful goal, but you take the time and accept the whole emotional journey,
so they're both interconnected’ (DC, R2).

Feedback on motivating factors reflected extrinsic and intrinsic factors. Extrinsic factors
included having a pet — ‘having a dog is a fantastic motivator because it makes you get off

your ass and feed them because you want them to have fresh water, or you want them to

143




eat’ (CC, R1) - and exercising — ‘l used a sport and exercise as my motivation’ (DC, R1).
Intrinsic factors referred to having a positive mental outlook — ‘it's more about the mental
getting your head right and thinking positive things in your head’ (DC, R1) including to
achieve a future goal — ‘my big driver was my long-term motivation - all the way through
really, and that was about deciding early on’ (CC, R1). Participants also commented
specifically about self-motivation which was identified as coming ‘from within - it does not
come from outside people - happens within oneself’ (DC, R2) and continues even ‘when you

don't have family, you gotta do something, don't you?’ (DC, R2).
5.6.3.2 #2 Demotivating factors

Demotivating factors included personal factors such as: low self-esteem — “...that can really
get you down and make you feel like you know you're not good enough or whatever’ (CC,
R1); anxiety “.../ don't | don't know where to go from here, and then that fades into that whole
anxiety cycle’ (CL, R1); and a tendency to not seek help — ‘others who perceive help from
others as a sign of weakness’ (CL, R1). Other factors can be due to external factors such as:
a lack of support — ‘I didn't have | suppose the right support around me’ (CC, R1); decreased
control — ‘my motivation - | just had none because | couldn't do anything and | lost a lot of
control’ (CC, R1), and being unable to do usual life roles — ‘I could not do much about it for
my family..., and that that made me a feel a bit sad’ (CC, R1).

5.6.3.3 #3 Enablers to participation in rehab

Enablers for rehabilitation participation included: having one’s symptoms validated —
‘validation from people in their lives to kind of sit in a space to grieve, to adjust, accept and
then to motivate to recover is another significant factor’ (CL, R1); having freedom to take
time with rehabilitation — ‘And it doesn't matter if you don't do it, because at the end of the
day you will do it when you're ready’ (CC, R1); and being able to adjust one’s own
expectations — ‘We just have to accept our own expectations and maybe lower them, and
build on them rather than kind of jump off’ (CC, R1).

5.6.3.4 #4 Barriers to participation in rehabilitation

Barriers to participating in rehabilitation comprised personal and external factors. Personal
factors included: fatigue — 1 felt like 'cause of the brain injury | got really tired really quick so
you only could do things for short bursts of time’ (DC, R1) — which could also precipitate
feeling depressed — ‘and tiring yourself and then you feel depressed’ (CC, R1); and difficulty
connecting thoughts — ‘just not quite connecting things like it should’ (CC, R1). External

factors included: having stress in the family — family that's grieving over somebody not
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appearing to be the same’ (CL, R1) ; and social norms around not seeking help — ... there is

that cultural you know that barrier where if | need rehab, it's because I'm weak’ (CL, R1).
5.6.3.5 #5 Clinician input when client using RehabChat

Participant perspectives regarding clinician support for the client using RehabChat
highlighted the value of the therapist encouraging the client — ‘I couldn't have done this, |
don't think without the [rehabilitation] team, ... that total encouragement all the time is
amazing’ (DC, R1); and the need for the client to be valued as an expert in their own care —
‘so it's their story their direction, their insight as well on to what their difficulties are, and their
priorities’ (CL, R1).

Participant feedback included a focus on the clinician’s support for the client when using
RehabChat reflected required aspects of the real-life clinical setting. These aspects included:
the ECA needed to match the clinician’s usual care framework — *...could be a good tool for
the clinician as well. And I think it satisfies both requirements pretty well’ (DC, R3), including
the client-clinician dyad needing to have pre-discussions on goal-setting prior to using the
ECA — ‘... the conversations that need to be done as a set up .... we might have already
discussed some goals, but | might not have gone to the level of grading to then have a well-
prepared conversation...” (CL, R3). As well, it was identified that the clinician would need to
oversee what the client entered into RehabChat to ensure it was achievable — a goal that
the client’s stuck on, like they're really committed to it, it might not be realistic’ (CL, R3), but
also allowing the client to have a sense of ownership over the data being entered — ‘when
they intervene at what stage or do they leave it - let the patient sort of carry on for a bit
longer’ (DC, R3).

Feedback from the fourth workshop round reinforced the need for safety checking for when
the client was setting their goal to ensure it was safe as the initial ideas from the client may
need refining by the clinician. A similar focus on the importance of the client-clinician dyad
working closely together was the observation that they should already be working on the

client’s rehabilitation goals.
5.6.3.6 #6 Goal setting and pursuit

Feedback on goal-setting and pursuit focused on setting small, achievable sub-goals —
‘You're gonna get there again and you just need to look after yourself and small goals, small
steps even if it's doing the dishes’ (CC, R1), which ‘...might help them to work towards that

aspirational goal or endpoint’ (CL, R1) which should be written from the client’s perspective
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and using the client’s wording — “...using their language or you know understanding their
world ... is important’ (CL, R1).

Feedback also referred to the priorities of helping the client to develop goal-setting skills that
can be used post-rehabilitation — *...so teaching them how to set their own goals as well to
continue with their own rehab’ (CL, R1); providing adaptive goal-setting frameworks which
can be adaptive or restorative — *...that goal will shift so rehab is certainly not a defined
process. Sometimes it can end up more of an adjustment, sometimes it can be more about
adaptation, sometimes it's more about restoration...” (CL, R1); and having a system for

measuring ‘...progression towards that aspirational goal...” (CL, R1).

Successful goal achievement was related to having more frequent progress reviews to
support goal-pursuit — ‘if the halfway goal seems huge still compared to the overall main
goal, is there capacity to build in a first step’ (CL, R3) which allow for the client to *...use
what they like... to bring up their own methods of following their goals’ (DC, R3); and over
the whole process, that the clinician endeavours to avoid ‘the risk of what becomes a
therapist driven goal that the client has a lower sense of ownership on’ (CL, R3). Specific
SMART (17) aspects of goal-setting were highlighted — ‘Aah, SMART; and achievable
chunks; specific, measurable, achievable, realistic, timely’ (DC, R2), including regarding the
ECA asking for achievable goal details — ‘this is actually asking OK, well for you to do that,
what else is achievable that will get to that end goal?’ (CC, R3). Feedback for goal-setting in
the fourth workshop similarly related to achievability, in that the client’s effort toward
pursuing a goal should match their ability and self-perceived sense of being able to achieve
it.

5.6.3.7 #7 Meet client needs in ECA

Feedback for how to meet client needs in RehabChat related to offering options —
specifically ‘different versions of the App [which could be] a lot easier to use or a little bit
harder to use depending on the person’ (DC, R1). Participants discussed the need for the
ECA to allow for ‘changes as [the client] progress from their initial injury through to their
recovery and so it's constantly changing as the patient progresses and recovers’ (DC, R2).
The ECA dialogue style should mitigate the potential effort of remembering too much
language content — as ‘keeping all that [in] your working memory might be tricky’ (CL, R2).
As well, it was emphasized that the ECA should accommodate varying client needs “...
‘cause everyone's different, they need different things’ (DC, R2), such as ‘ataxia’ (CL, R2) or
‘fatigue’ (DC, R2). Similar points of feedback included the requirement that the ECA should

be able to accommodate varied client needs — ‘you're aiming it to suit more people than to
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cover the all the different 1Q so to speak’ (DC, R3), including memory support through
reiteration — ‘really good just how she like you remembered your goals’ (DC, R3) —, and the
need to support the client to initiate use of the ECA — ‘it might just simply be that they don't
remember that they need to use it’ (CL, R3). Additionally, due to the inherent limitations of
the avatar in being unable to utilise normal human-like voice intonations — ‘it's a recognition
of the package that you have to work with and the advances in Avatars at this point in time’
(CL, R3) — and that some clients rely on non-verbal communication to parse meaning — ‘with
some of our clients it's... something where they rely on that additional cueing’ (CL, R3) —,
there is a need to carefully consider how to best use the available software features such as

dialogue phrasing to facilitate understanding.

Feedback indicated the need for having options to either just read the ECA dialogues, or
only listen to them — ‘when I'm tired, | prefer people read it to me; or lethargic, and | prefer
people to read. But when I'm on my A game, | like to actually use my brain and try and read
it for myself’ (CC, R3). In the fourth workshop, participants also discussed that client fatigue
should be considered when developing RehabChat, as well as the need to support the client
to learn to use RehabChat because not all clients would be able to learn it easily. Similarly,
training and ongoing support for clients using RehabChat was highlighted in the fourth
workshop, with consideration that this could be provided by the researcher or perhaps also
by the clinician.

5.6.3.8 #8 Current aspects that improve user experience

Participants identified an array of aspects that improved their experience of using
RehabChat. They noted that RehabChat was simple — *... very easy and very clear’ (DC, R3)
to use — ‘You can scroll it. Yeah, | thought it was awesome 'cause it was so simple’ (CC,

R1). They also commented that the speech ‘frate was OK’ (CL, R3), and that overall it was
‘... very relaxing and engaging’ (CC, R3) to use. Feedback also described that after some
practice, it was easy to focus on the text rather than needing to watch the avatar —“...I'm
aware that she's talking to me because | can see her mouth moving out of my peripheral
vision’ (CL, R2).

Participants identified some specific user interface options available in RehabChat which
improved user experience (UX). These design options included being able to change an
entered response °“...because you might want to change your approach, then go back. That
works really well’ (CL, R3), and the choices of avatar were ‘... very visually easy to see’
(CL, R3). In the final workshop, participants also identified some helpful functionalities which

included being able to freely start and stop a session, noting that the ECA re-opens at the
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same place at which it was closed, and that the user can zoom the screen magnification on
the iPad.

Finally, participants commented on unique impacts with using either the long or short style of
conversation — the longer conversation “... sort of promoted ideas and got your mind working
... you start to imagine the person you could be, rather than the other Avatar [short

conversation] would be saying — we're working with who you are now.’ (CC, R3).
5.6.3.9 #9 Suggestions to improve user experience

Feedback for ways to improve UX related to the avatar design and audio, and interactive Ul
touch screen functionalities. Varied design recommendations were made, including: for the
‘buttons [to be] bigger’ (DC, R3); that the Ul should be made ‘bigger on the screen’ (DC, R1),
and include a choice of keyboard style of either ‘a QWERTY versus ABC keyboard’ (CL,
R1). In regard to the avatar design, feedback suggested that the option ‘to choose your own
avatar’ (DC, R1) was ‘quite important’ (CL, R3); and aspects of this include being able to
choose the ‘speed of her talking’ (CL, R1), and that optional avatar designs ‘should be an
androgenous character’ (CC, R1) or to ‘just have [a] stick figure’ (DC, R2). It was also
suggested that voice to text input by clients would help clients with *...an acquired
dysgraphia or [acquired] dyslexia... [and] brain injury vision difficulties’ (CL, R1). Feedback
from the final fourth workshop for improving UX included that the font size should be
increased, and the avatar’s name to be non-gendered. It was highlighted that the Ul should
support the varied needs of clients regarding challenges with either reading or listening, by
having the size of each half of the Ul adjustable, with the general preference being that the

avatar should be smaller and that there should be more room for the text areas.

In regard to the dialogue content and structure, it was thought that the ECA should reiterate
the client’s entered data during the conversation because it would then “be more interactive”
(DC, R3); and that the conversation dialogues should progress with less click options

required, so as to avoid getting ‘sick of -you wear your finger out’ (CC, R2).

Additional suggestions for improving UX included being able to choose how much space the
avatar and the dialogue text bubbles take up on the Ul, as some clients ‘won't be able to
follow the written, whereas other people will just rely on the written. ...making more one
dominant over the other would be good to be flexible’ (CL, R2). It was suggested that
dialogue length should be short and also predictable, and that it is necessary to be ‘... aware
of sentence length and complexity of sentences ...” (CL, R2), and avoid ‘saying medical

jargon, [because] they just switch off’ (DC, R3).
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5.6.4 How change recommendations implemented

Feedback from all four workshop rounds incorporated suggestions of changes for

RehabChat. This feedback was included explicitly in two of the main themes — to meet client
needs, and to improve user experience — and implicitly in the other themes. The suggestions
included ideas which helped to clarify the content of RehabChat, for example by applying the

motivational factors and goal-setting aspects.

Recommendations of changes needing to be made to RehabChat were collated under two
main domains. These were: #1 General planning of conversation structure and content
(which comprised factors applying across the whole of RehabChat, such as dialogue
structure, summarising content, and rest breaks); and #2 Specific topic content areas (which
contained specific aspects such as motivational support, goal-setting and progress reviews)
(see Table 19). All of the recommendations were able to be addressed either by updating
the ECA content and design, changing the user guide or training mode, or by using a
combination of these approaches. A narrative overview of the recommendations for these
two domains is presented below, and Table 19 presents all points in tabular form.

Decisions for how to integrate changes were based upon being free or low cost, and the
software’s capabilities. Changes made within the software’s existing template capabilities
were achieved by utilising the content management portal (see Figure 8 and Figure 9).
Changes to some of the ECA’s template, such as increasing the font size and making
buttons bigger, were achieved by reviewing the customised style sheet (CSS) in Scintilla
based Text Editor (SciTE) (16) and then making alterations to the customised style sheet
CSS (see Appendix XVIII).

5.6.4.1 #1 General planning of conversation structure and content

Change recommendations were identified for improving the overall structure and general
content of RehabChat’s conversation. Training of all skills required to use RehabChat were
moved to the training module. Dialogue length was pruned to be shorter and more
predictable. Content summaries were included at the opening and close of sub-conversation
sections. Well-being prompts were more regularly interspersed in the conversation regarding

taking a rest break whenever needed, and to discuss any concerns with the human clinician.
5.6.4.2 #2 Specific topic content areas
Recommendations for refining the topic content of RehabChat’s conversation covered a

variety of subjects. Motivation support included adding more encouragement and referencing
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to hope. Goal-setting was refined to include weekly goals, as well as the main goal, and
more detail explaining the steps of goal-setting. Home exercises were renamed as practice
activities to reflect that these may be completed at places other than home, and flexibility
regarding when the client could complete these activities was enabled through setting up of

a reminder system.
5.6.4.3 #3 Recommendations for the user interface

Participant feedback highlighted recommendations for improving the Ul. These related to the
avatar style, increasing the size of font and click buttons, and the overall Ul layout. Many of
these changes were enabled through updating the CSS (see Appendix XIIl). See Table 19
for details of these points, and Figure 15 for a visual presentation of the updated Ul

developed in response to this feedback.
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Table 19: Change recommendations and how changes implemented

Conversation
section /
topic

Change recommendations

How recommendations addressed

#1 General planning of conversation structure a

nd content

options, being able to choose
goals

Training Explain all Ul capabilities and do | Moved all set-up and training prompts from rehab module, into
module all learning of skills in training the training module
module; don’t do any in rehab
module
Ease of use Promote that it should feel easy | Not specifically included in ECA content. Instead, mode of use
to use, and if needed ask for includes people (clinician and researcher) who can support
help from HCP or RehabChat client’s use: ECA content includes reminders to speak with
staff person clinician if any concerns, and have a rest if needed.
Dialogue Predictable length of dialogues Length of dialogues overall shortened and made to have a
structure predictable length of up to 2-3 lines through modifying the content
Reduce the amount of The ‘Continue’ logic decision for dialogue progression (which
confirmatory clicking enables the conversation to progress without the user needing to
click or enter text) used more often.
Confirmatory clicking still included where the user needs to
initiate dialogue progression e.g. to indicate when has completed
a practice activity
Choice Explain choice-making aspects Multiple choice options are introduced and practised in training
making in ECA, e.g. multiple choice module, and explanation is included in user guide (see Appendix

XX).

Goal-setting is covered in step-wise way in ECA content.

Summarising
content

Introduction and summary at
start and end of each sub-
section.

This was included for each sub-section

Reiterate main and weekly goals

Content is linked to goals — e.g. at start of section for completing
practice activities

Rest breaks

Promote having rest breaks

Rest breaks explained in training module

Reminders to take a rest break included occasionally in rehab
module.

Client is Explain that client is active in Included in 1:1 training, and clinician instructions.
active choices, and in doing rehab

participant activities

Clinician Remind to discuss concerns Included in each sub-section for both long and short
oversight with clinician at any time conversations

Highlight that client and clinician
already know each other

Included in 1:1 training session

Highlight that clinician will
encourage user

Included in opening section

#2 Specific top

ic content areas

Motivational
support

Add in more encouragement
cues

General encouragement cues — e.g. well done, that’s great, that
will really help you achieve <main goal> etc. — in all clinical sub-
sections

Focus on hope

Included in section for setting a rehab priority by asking user to
set a meaningful, important priority of an area of their rehab they
would like to improve in.

Motivational support resource
(long conversation only) — offer
choice for either a support
person or a planning process
(as not all clients have a support
person)

This included
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Conversation

section/ Change recommendations How recommendations addressed
topic
Explain that a motivational Included
support can help with rehab and
recovery
State focus is on the client’s Included in 1:1 training session
needs and hopes
Goal-setting Focus on increments of journey, | ECA content explains overall steps for goal setting, and guides
e.g. goal for next week user through all steps.
Main goal set represents aspirational priority area in SMART
format
One weekly incremental goal is set each week.
Add in weekly goals & reviews Included weekly goal setting, and weekly progress reviews.
Prompt use to consider things Included briefly near start of priority / goal-setting section
they used to be able to do (e.g.
life roles/activities) as basis for
goal-setting
Ensure wording focuses on Motivation focused comments included, examples are:
ersonally meaningful . . . L
&otivating);/ g “You've said that this goal is important and motivating for you
because you want to have <B: priority's importance>.”
“Why are you motivated about this?” (re rehab priority)
“Measuring your progress can help with this, and help you stay
motivated!”
Use the word hope, incorporate | The word hope not used; instead the concept of hope was
the concept of hope incorporated through the user choosing a meaningful rehab
priority and setting meaningful goal
The goal setting structure to This done with rehab priority (not an aspirational goal), 6-week
include: aspirational goal, the 6- | goal and weekly goals.
week goal, and the weekly
goals.
Ask user regarding their current | This not done — as need to keep conversation streamed to the
level of ability for their rehab key purposes, and avoid the conversation being too long
priority
Change ‘priority’ to [aspirational] | This not done — as needed simple wording to help user
goal —i.e. the broad goal / understanding - ‘aspirational goal’ as a phrase may not resonate
ambition, hope, motivation with many/any clients
For weekly goal: say it needs to | “Next, you'll set a small weekly goal for your 1st week.
be small, achievable and A small weekly goal is like a stepping-stone to reaching your
relevant to main goal main goal.”
For weekly goals, ensure these Weekly review asks about progress including how well completed
suit capabilities practice activities. This considers changes needed for goal for
following week.
Relate weekly goals to rehab Linked to main goal: “A small weekly goal is like a stepping stone
priority or main goal to reaching your main goal.”
Explain that [extrinsic] This not done — because it would have added too much extra
motivation is from supports from | dialogue content.
around you, and [intrinsic] from
having something personally
meaningful to aim towards.
Input HEP Acknowledge that client may not | ECA conversation reiterates main goal, reminds can chat with
details always feel up to doing rehab... | clinician if any issues.

but with encouragement
reminder about main goal is
more likely to be motivated
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Conversation

section/ Change recommendations How recommendations addressed
topic
Update terminology for home Done. This was necessary because at times the prescribed
exercise as practice activity. activities are not completed at home.
Home Have a flexible approach for User is asked to choose a reminder system at start of section for
practice when the user can complete entering details for practice activities;
their practice activities; relate - . . . .
er p : “Firstly, what Reminder System for your practice activities will you
this to how the client sets up the o Writ Reminder Svstem below.*
alarm / reminder system for uses Vvrite your Reminder system below.
using RehabChat and then prompted to set it according to what is required for the
practice activities.
Weekly - Give encouragement Encouragement cues included relating to acknowledging their
reviews progress and working towards overall meaningful goal

- give feedback

Link progress review to
achieving overall goal

Weekly reviews (rather than a half-way review at 3 weeks)
explained as being steppingstones to achieving main goal

Explain the benefit of progress
review to identify the gains
already achieved, and make
new weekly goal

Included in Measurable part of goal-setting (in long conversation),
with comment that measuring progress supports motivation.

The short conversation does not have this level of detail — instead
it asks for details, and the supervising clinician may need to help
client with required SMART aspects.

Explain the process for doing a
progress review

Included for each weekly review.

Also, at end of 2" week, client offered option to review progress
toward achieving their main goal, with a caveat that client has
only done 2 weeks of their program.

Positive affirmations provided at each of these points.

Include extra review question
about reminder system, e.qg. if it
is useful, or change it

This not done — as need to keep conversation streamlined.

#3 Recommendations for the user interface

Ul layout Side-by-side display clearest to Side-by-side display used
see (versus vertical overlap
display)
Preferred sizing for two parts of | One-third for avatar display, two-thirds for text bubbles content.
Ul: smaller area for avatar, and Achieved through changes to the CSS
larger area for the text bubbles
(rather than default 50-50 split)
Avatar Style of avatar clearest to see Eurasian female avatar configured as default preference
was Eurasian female avatar with
long dark hair
Accent clearest to listen to was Australian accent used
the Australian accent
Preference for androgenous Avatar's name was ‘Jo’
name
Size on Ul to be larger on iPad screen RehabChat was configured onto the clinic iPad and filled the
screen entire screen with no other visual presentation (e.g. the internet
browser ribbon was not visible)
Buttons Buttons need to be larger Achieved through changes to the CSS
Font Font needs to be larger Achieved through changes to the CSS

Legend: HCP = Health Care Professional; HEP = Home Exercise Program; CSS = customised style sheet; Ul = user

interface

153




ECA used in co-design workshops

ECA updated following co-design
workshops and second alphatesting, ready
for user testing in feasiblity pilot trial

Hello! WELCOME to0 RehabChat. My egis Jo
and I'm your RehabChat Coach. | hope you enjoy
ur conversation. Click below to start!

r name? Please write it b Justuse

your first-name or nick-name, and don't use your

sumame

first name or nick-name; don't use
sumame

Then click below.

I've done some scrolling, and am ready |
to continue

2

Jill, you can check back in your conversation by
clicking on a regular option called "Take me
back a few steps”. Try this out now.

: I've practised using the Take me back |
a few steps’ button

N

Lln RehabChat, there is a ‘Home Screen’ which ’

lets you choose different sections of your
conversation.

| Fine, that sounds easy |

Design aspects

: 50 — 50 layout

: font smaller

. buttons smaller

: avatar name is smaller

: RehabChat header is larger

: British and Australian accents trialed; latter preferred

Design aspects

: one-third for avatar — two-thirds for text display
: larger font

: larger size fir the mute and minimize buttons

: avatar name is larger

: RehabChat header is larger

: Australian accent

Figure 15: User interface for, and changes made to user interface following, co-designh workshops

5.6.5 Results of second alpha testing

The testing was conducted in two cycles, each lasting four hours. The testing participant was a

computer science and engineering student from Flinders University with a previous degree in

digital design.

The first cycle of second alpha testing was conducted in July 2021. Key findings were identifying a

lot of small formatting mistakes, that the structure in some areas of how the conversation

progressed was unclear, and that clarification of dialogue content was required in a number of

areas. Below is a dot-point summary of the main issues identified, and how these were addressed.

e Incorrect logic links not connecting dialogues to the intended section; links were corrected

e It was possible to scroll back and change content in previous sub-conversation, resulting in

the program crashing. To prevent the user crossing back into a prior sub-conversation

section breaks saying ‘section completed — do not cross’ were inserted in the conversation

at end of each sub-section.

e Decision point activation in response to the user entering a value on a visual analogue

scale was not working — to resolve this, the numerical thresholds for activating specific

decision point options were reset

e Some of the wording in the questions asked or statements said by the avatar were not

clearly written — these were resolved with re-wording.

154




e The minimise button had been changed by Clevertar from X’ to a * — ‘. The dialogue
references to this in the conversation were changed to ‘dash’.

e The closing statement at the end of each RehabChat module isn’t able to be configured to
automatically close the Ul — a dialogue prompt to close the Ul was included with the closing

statement.
5.6.5.1 Second cycle of second alpha testing

The second cycle of alpha testing was completed in August 2021. Results generally were about
decision points, and links between sub-conversations. Below is a dot-point summary of the main

issues identified, and how these were resolved.

e Sentence stems for cuing the client to enter freeform text content were not effective, as
later use of clients’ entered content in subsequent dialogue/s is clunky — Sentence stems
improved to better match the sentence structure used in later dialogues

e The click option ‘take me back few steps’ at times doesn’t go back to a useful point —
changed to more suitable places

e Some repeated content — this issue was corrected

e Some logic decision points for conversation branching still linking incorrectly —

subsequently were corrected.
5.6.6 Preparing RehabChat for integrated use in the clinics

Details of how RehabChat was to be integrated into the clinical setting in preparation for the
subsequent feasibility pilot trial considered the hardware to be used, options for video-
conferencing, and electronic case-note entries. RehabChat was loaded onto clinic iPads and
utilised the Google Chrome browser. The clinics’ Information Technology Administrator managed
the technical follow-up of clinic iPads, and assisted in resolving glitches with the how the ECA
software worked on the iPads as these arose. Initial testing was done by the researcher to ensure
that remote updates of the ECA could still initiated, and this was successful for the default ECA,
but not for the option of enabling the user the option to choose their own avatar. Accordingly, this

option was removed, and only the default avatar was provided for the feasibility pilot.

The option for video-conferencing was explored due to the possibility of Covid-19 restrictions
precluding in-person review appointments between the client and clinician. The clinics used the
Healthdirect video-conferencing platform (10) on both PCs and portable devices including iPads.
Healthdirect allowed for screensharing from a PC but not from an iPad, which precluded it from
being used with RehabChat which was loaded onto an iPad (as use of RehabChat on an iPad
cannot be transferred across for use on another device). Accordingly, for any client-clinician

appointment needing to be conducted remotely, RehabChat could not be screenshared.
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A specific case-noting approach was developed for the feasibility pilot trial. The clinics utilised
electronic case-notes. A summary script was developed which described the feasibility pilot trial
and the participant’s involvement. This was approved by clinic management for use by clinician
participants during the feasibility pilot trial. This script was saved as a clickable acronym expansion

in the electronic medical records software and made available for clinician participants to use.

5.7 Discussion

These four rounds of workshops provided the platform of iteratively reviewing RehabChat,
considering and implementing design changes, and seeking follow-up feedback from the
participants. Not only did this allow for successive refinement of RehabChat, but it also supported
some of the specific clinical needs of the client such as needing time to think through their ideas

and responses and to learn a new skKill.

Using a video-conferencing format for the workshops did impose some challenges regarding that
participants tended to talk mainly with the researcher rather than amongst each other, and that it
was harder for the researcher to demonstrate and support learning of ECA skills when screen-
sharing was not available. Nonetheless, the pre-workshop training sessions and ongoing support
provided by the researcher appeared effective in helping participants to engage comfortably via

Zoom (208) and in using the ECA during the workshops.

Sufficient numbers of participants were recruited for this study, with minimal attrition. However, it
should be noted that only approximately 10 percent of the total number of screened clients were
actually recruited. This factor related to many clients being ineligible to participate including for
reasons outside of the explicit inclusion criteria, such as due to psychosocial stress. The need to
screen a high number of clients and consider other domains for ineligibility should be considered in

future research.

The meetings with single cohorts showed good cohesion evidenced in the high amount of
feedback generated. As well, the first workshop round evidenced quite personal and candid
reflection about motivating and demotivating factors affecting recovery, including the impact of
input by support people. The final fourth workshop importantly enabled all participants to contribute
feedback collaboratively, with important insights about integration of RehabChat into the clinic

setting and the needs of clients when using RehabChat.

The later workshops which focussed on the more objective notion of the ECA, also contained open
and honest appraisal of the tool and its intended aims, with candid constructive feedback provided.
Many feedback comments related to the user interface, such as having bigger buttons, larger font,
and a greater proportion of the screen dedicated to the text bubbles. These suggestions were

linked to the priorities of improving ease of use and reducing the potential for fatigue — both of
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which are highly important for clients with TBI. These outcomes indicate that a sense of trust was
achieved during the meetings. Given this positive indication of participants being able to share their

ideas comfortably, the feedback which ratified aspects of RehabChat could be hearkened.

It was very worthwhile having three cohorts represented, with the amount of feedback data for
each being approximately equal. This helps to ensure that the unique perspectives of each cohort
were ‘heard’. However, it was outside the scope of this project to methodically categorise findings
from each cohort separately and to then look for unique differences between them. Instead, the
focus of this project was to ensure varied cohorts were included, and that their unique perspectives
could be obtained through having separate meetings in first three rounds, whilst also allowing for a

synthesized ‘voice’ in the final workshop.

Important clinical needs of clients were identified and were considered in the design of RehabChat.
The need to minimise fatigue was addressed by improving how predictable the conversation felt,
for example by having consistent dialogue length, and including reiterative summaries of the steps
required in each section of the conversation presented at regular junctures. The affective
challenges which may impact negatively on motivation were supported through including regular
motivational cues and reminding the user of their motivating goal and why it was important to them.
As well, reminders were interspersed in the conversation for the client to discuss any concerns with
their clinician, in line with the ECA not assuming a therapeutic role but instead more of a coach

role.

Throughout the process of deciding on the best approach to use for addressing a change
recommendation, multiple factors needed to be considered. For example, a recommendation to
reduce confirmation clicks and for the conversation instead to proceed more readily would actually
then reduce the ability of the user to effectively control the pace of the conversation. In such
circumstances, a mid-way approach was usually taken. The challenge of ECA software not being
able to provide the level of non-verbal communication and cues normally provided in a human-to-
human interaction was raised, but equally, potential solutions were posed, such as carefully
choosing dialogue style and content which highlights important points, and including in the
conversation content both affirmations and iterative coaching. This is an example of the benefit of
using a semi-structured approach when interviewing end-user participants as it allows flexibility to

follow-up any challenges or issues already raised and seek feedback on solutions for these.
5.7.1 Achievement of Study Aims
5.7.1.1 Aim 1: Clients’ motivational support needs

This project defined the motivational support needs of individuals during their recovery following

TBI particularly during their rehabilitation, through Zoom (208) workshop meeting discussions with
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client and clinician participants. The main areas of need related to the value of support being
provided by caring people, whether this be family or clinicians, and also acknowledgement that not
all clients have a good support network close by, and so for them motivation must become more
intrinsic to ensure ongoing rehabilitation success. In this sense the feedback added an extra
dimension to the motivational paradigms being considered for this PhD project — those being Self-
Determination Theory (SDT) (52, 53) and Motivational Interviewing (MI) (5, 11). Specifically,
feedback from the co-design workshops added to the SDT model by highlighting the need for a
support resource to be identified, rather than just a support person (connectedness aspect of
SDT). ldentifying a support resource could be seen as fitting in well to the Ml focus of identifying

personally appropriate supports and solutions to achieving one’s goal.

Akin to motivational support needs was a related feedback theme regarding enablers to optimally
participating in rehabilitation. This theme highlighted the need for emotional recovery and taking
time for this to occur. Similarly, it was proposed that clients need to be able to adjust their own
expectations of themselves. As a flipside to this, the negative equivalent themes of demotivating
factors and Barriers to participation in rehabilitation included factors such as low-self-esteem,
anxiety, fatigue, and depression. These affective factors suggest the need for psycho-emotional
support to be highlighted during rehabilitation.

5.7.1.2 Aim 2: Participants’ recommendations for design of a motivational
ECA

Feedback from the co-design workshops enabled participants’ recommendations for the design of
a motivational ECA for brain injury rehabilitation to be identified. Data analysis of the qualitative
feedback from all workshop rounds resulted in key recommendations for the overall structure of the
ECA conversation, and of the topic content for the conversation, and recommended changes for
the user interface (see Table 19 and Section 5.6.4). The structural recommendations related to
dialogue length, reiteration and summarising of key content, and clarification of the client-clinician
dyad relationship. The topic content refinement related to motivational support and goal setting,
including to set smaller weekly goals which can be more readily updated to meet the client’s

changing needs and abilities.
5.7.1.3 Aim 3: Integrate design recommendations into ECA design

This project was able to integrate the design recommendations made by client and clinician
participants during the workshop discussions, and to achieve a stable model ECA ready for use in

the subsequent feasibility pilot trial.

Numerous change recommendations for RehabChat were able to be implemented by either

updating the design of the ECA, refining the presentation of the user guide (see the refined version
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of the user guide which was subsequently used in the feasibility pilot trial at Appendix XX), and/or
adjusting the content of the training session. This blended approach to meeting the indications of
the changes recommended was used to ensure the change was achieved whilst not resulting in a
lot of extra content in the ECA conversation itself. It was also considered how and when to best
convey the essence of the recommended change — for example, as carefully placed ECA content
to ensure relevance, but perhaps at risk of being forgotten soon after as the conversation moved
on; as part of the intended initial 1:1 training session where a more nuanced interaction could
emphasize key points; or within the user guide which could be regularly reviewed by the user at
any time. Ultimately a blended approach was used which enabled the benefits of each approach to
be optimised in order to highlight key topic areas. The refined ECA was then further tested in the
second alpha testing during which a number of technical and formatting glitches were identified
and resolved. The result of this work was that a refined, stable model ECA which is designed to
support motivation for clients with TBI was achieved.

5.7.1.4 Aim 4: Intended mode of use of ECA alongside usual rehabilitation

care

An important part of the development of RehabChat was to clarify how it would be integrated for
use alongside usual care. This was achieved through conducting the workshop discussions with
clients and clinicians of the two clinics. The way in which the ECA could be used in clinical practice
alongside usual care was defined to include having clinician oversight of the data that the client
entered for goal setting, practice activities and reviews, and to use the goal-setting structure
(SMART) already in place at the clinics. Practical aspects of integrating the ECA into clinical care
were clarified though discussion with clinic administrative and management staff, and out of this
RehabChat was successfully loaded onto clinic iPads. This practical integration model was used

for the intended subsequent feasibility pilot trial at the same clinics.
5.8 Conclusion

This project demonstrates the usefulness of participatory co-design in developing a novel digital
health tool in this case, a motivational conversational agent for ambulatory care brain injury
rehabilitation. Feedback provided ratification of some points of the ECA’s design,
recommendations for changes, and a deeper understanding of the experience of motivation in
rehabilitation. The ECA has been updated in response to feedback, and within constraints of what
is possible with the software and practical to implement within the clinic settings. The ECA and its
intended mode of use have thus been refined ready for the planned mixed methods feasibility pilot

trial.

The co-design workshops appeared to be a suitable and supportive research model for ensuring

participant engagement and comfort. This is important to note, given that this clinical cohort may at
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times feel disempowered due to challenges arising from their TBI. Feedback data was not
dominated by the clinician feedback but was broadly representative of all three cohorts. The
participants’ feedback comprehensively addressed more finite concerns such as the design of the
Ul, as well as more abstract considerations such as motivational support, appropriateness of the
goal-setting framework, and the role of the supervising clinician.
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6 Mixed methods feasibility pilot trial

“I just found it helped me regulate what | was doing and made sure | was, yeah, doing it
regularly.” (Quote from client participant in feasibility pilot trial.)

6.1 Overview

This pilot trial assessed the feasibility, usability, and acceptability of an embodied conversational
agent (ECA) called RehabChat within the ambulatory care brain injury rehabilitation clinics for
clients with moderate-severe acquired brain injury (ABI). Some of the clients at these clinics have

traumatic brain injury (TBI).

RehabChat — the ECA used in this project — was developed using Virtual Human software provided
by Clevertar Pty Ltd (175) (Clevertar). RehabChat was initially developed in-house at the Flinders
Digital Health Research Centre of Flinders University (see Chapter 4). RehabChat was also
developed in the clinical setting through co-design workshops conducted with clients with TBI, and
also clinicians (see Chapter 5). The stable model of RehabChat which was developed following the
final fourth co-design workshop was utilised in this feasibility pilot trial.

This feasibility pilot trial enabled the refined RehabChat prototype to be tested in a real-life clinical
setting regarding its feasibility, usability, and acceptability. Along with testing the CA itself, other
factors were also tested for their feasibility such as participant training, researcher support for
participants, outcome assessments, and repeated measures. Appraising both RehabChat itself as
well as aspects related to its implementation was necessary to conduct in this study prior to any
future larger pilot trial. This concurs with literature recommendation to conduct thorough contextual

feasibility testing of a novel digital health intervention prior to clinical testing (88).

A six-week intervention using RehabChat — although the intended duration for RehabChat once it
has been fully refined — was not appropriate to conduct for this study, because RehabChat was not
yet a stable, refined model. Additionally, because RehabChat is a CA which has an intended mode
of implementation closely embedded within rehabilitation care, it was necessary to conduct
feasibility testing so as to appraise its design and implementation mode. A short intervention period
of two weeks was thus chosen for this feasibility pilot trial (for more details see Section 6.4), so as
to not infer it was a clinically meaningful duration, but still sufficient to allow participants to immerse

in the experience of using RehabChat.
6.2 Background

Recovery following TBI is optimised through multi-disciplinary rehabilitation, when client-centred
goals are identified and achieved (22, 32). Progress during rehabilitation and overall recovery can

be impeded if motivation is low (13). Development of new therapies which address goal pursuit and
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motivation is warranted. Conversational Agents (CAs) offer a responsive human-computer
interface with which a client can converse (114). There is precedent for trialling a CA with
participants with brain injury and disease including for speech training in people with PD (130) and
dementia (131), and memory training for older adults (133, 134). As well, motivational approaches
have been included into the design of ECAs, for example to promote physical activity and healthy
diet (129).

When trialling a CA, it is necessary to assess both clinical outcomes such as physical activity and
motivation, as well as non-clinical outcomes relating to the CA such as general user experience,
safety, acceptability, and feasibility of the CA. These non-clinical aspects impact directly upon how
much the end-user engages with the CA, and therefore how much they may benefit from the
clinical content and purpose of the ECA (89). For this feasibility pilot trial, due to the short duration
of the two-week intervention, clinical effectiveness was not being tested. However, relevant clinical
measures that would likely be included in a larger later pilot trial were completed to test their
feasibility and usability.

The use of an ECA could improve client motivation to achieve goals, provide an extension to usual
rehabilitation, and enhance clinical functional outcomes. The clinical needs of clients with TBI could
benefit from an iterative ECA dialogue platform through which motivational needs and goal setting

could be supported and explored.
6.3 Aims and outcomes for RehabChat feasibility pilot trial

The research aims reflect that this is a feasibility pilot trial in which various user perspectives
regarding the ECA, its intended mode of use, and aspects of the research process, are measured
including acceptability and usability. Each aim aligns to the research questions for this PhD (see
Section 1.12), as indicated in bracketed text for each aim below.

Aim 1: (Aligns to the sub-question 1)

Assess the functionality and performance of RehabChat and make any changes to RehabChat in

response to feedback, prior to clients using RehabChat.
Outcome 1:

Conduct user testing of RehabChat with clinicians, in which the clinician uses RehabChat for
approximately 30-60 minutes, and then provide feedback. Make changes to RehabChat in

response to feedback and complete this prior to clients using RehabChat.

Aim 2: (Aligns with the main research question, and the sub-questions 1, 2 and 3)
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Assess the usability and acceptability of using RehabChat alongside usual care in the ambulatory

care brain injury rehabilitation setting.
Outcome 2:

Assess usability following completion of the two-week trial using RehabChat, by participants
completing the System Usability Scale (SUS) (18) questionnaire, and a semi-structured 1:1

interview. Assess acceptability through the semi-structured 1:1 interview.
Aim 3: (Aligns with the main research guestion, and with sub-questions 1 and 2)

Appraise client motivation and wellbeing and monitor for any negative impact from using
RehabChat.

Outcome 3:

Monitor these factors for client-participants quantitatively regularly during the trial, explore these
factors through qualitative interviews after completion of the intervention.

Aim 4: (Aligns with sub-question 3)

Report on the feasibility of using RehabChat alongside usual care in the ambulatory care brain
injury rehabilitation setting.

Outcome 4

Analyse the quantitative and qualitative results for this feasibility pilot trial and synthesize an overall
result to describe feasibility: the feasibility of using RehabChat at the collaborating ambulatory care

clinic services.
Aim 5: (Aligns with the main research question, and with sub-questions 1 and 3)

Identify aspects of RehabChat that need to be modified to improve the feasibility of using it

alongside usual care in the ambulatory care brain injury rehabilitation setting.
Outcome 5:

Obtain direct feedback on recommendations for change from participants through the qualitative

semi-structured 1:1 interviews.
6.4 Methodology

A mixed methods feasibility pilot trial was undertaken at two clinic sites of an ambulatory care

rehabilitation services for adults with moderate-severe ABI. The version of RehabChat used for the
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user testing was the refined prototype finalised following the co-design workshops and the second

round of alpha testing for it (see Section 5.6.15.1).

As this was the first time RehabChat was to be tested in a clinical setting, a nhecessarily cautious
approach was taken for the intervention duration (a short two-week intervention) due to RehabChat
not yet being a proven effective intervention but instead still being in its nascent stages of
development (see Section 6.1). Additionally, a careful approach was taken to monitoring client
well-being, through screening for depression and anxiety on a twice-weekly basis (see Section
6.4.12.2.2). This was done due to the potential negative effects of using CAs which include known

issues such as anxiety, and also unknown risks (see Section 1.6).

The main phases of the project were: user testing with recruited clinicians; making changes to
RehabChat in response to user testing feedback; then using the updated ECA prototype for initial
participant training and for the subsequent two-week intervention of using RehabChat alongside

usual care with client-clinician dyads.
6.4.1 Ethics details

This project received full ethics approval by the Central Adelaide Local Health Network Human
Research Ethics Committee (CALHN HREC) and the CALHN Governance Committee, project
number 14079. See Appendix XIV for the ethics approval letters.

6.4.2 Rationale for a feasibility pilot trial

Specific reasons for choosing the feasibility pilot trial design align with guidelines for when
feasibility testing should occur (209). These are when there is negligible evidence for testing the
device (see Chapter 2 for scoping review findings of limited evidence available), the target
population has unique needs which should be considered in the study design (clients with TBI have
unique clinical needs (see Sections 1.1.2 — 1.1.4)), it is necessary to appraise acceptability for both
the intended recipients and also the individuals delivering the intervention (clients with TBI and
clinicians respectively), and it is needful to determine how best to deliver the intervention from a
practicality perspective considering limited resources (for example staff time, access to technology,
both of which may affect clinicians of the participating clinics in his study) (209). Additionally, a
feasibility pilot trial can help to clarify the likely access to end-user participants including clinician
assistance in recruiting clients, ease of completing assessments, any barriers to conducting the
study and implementing the novel tool in the real-life setting (210); all of these factors are relevant
to the current study. The importance of consulting with clinicians when developing a novel
technology intervention for ABI has been previously highlighted, noting that without this, then
subsequent uptake of the technology will be poorer (211). Similalry, clnicians are closely consulted

in this study. Finally, the feasibility pilot design can help appraise the processes for obtaining
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consent, for recruiting, and outcomes of retention and adherence to completing the intervention

(212). Again, these are practical research considerations relevant for this study.
6.4.2.1 UTAUT framework for assessing usability and acceptability

The framework used for assessing usability and acceptability was the Unified Theory of
Acceptance and Use of Technology (UTAUT) (19). The UTAUT components were integrated into
the question guide for the semi-structured interviews. The UTAUT was chosen because it aligns
with Living Laboratory (see Chapter 3) regarding the need to appraise the user’s context. A clear
focus upon the consumer’s context was spearheaded by the UTAUT authors in 2012 (142). This
was followed up by other authors similarly highlighting the need to appraise the use context in
regard to social and other contextual factors influencing the choice to use a digital tool (213), such
as perceived effort and social influence, and the impact of the real-life setting (214). Additionally,
the UTAUT is able to be integrated alongside other behaviour change models for appraising
intrinsic and extrinsic motivation, with intrinsic aspects relating to expectations of effort, and
extrinsic relating to social determinants and facilitating conditions (141). The UTAUT was also
chosen because it has previously been adapted for use in studies with a vulnerable population of
older adults living in residential care regarding the use of interactive robot technology (215, 216).
This demonstrates the relevance of the UTAUT for the current RehabChat project of testing a

novel interactive technology (RehabChat) with a vulnerable population (adults with TBI).
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6.4.3 Structure of pilot trial

The feasibility pilot trial was comprised of a two-week intervention in which the client-participant
used RehabChat alongside usual rehabilitation care, with supervision provided by their clinician
(See Figure 16 and Tables 20 and 21).

Recruited clinicians: trained to use RehabChat; Recruited clients: trained to use RehabChat;
participate in User Testing,; screen own clients for discuss rehab goals with clinician in usual care
eligibility; discuss rehab goals with client

_""’ﬁﬁ""’{“{-

Client & clinician set up main goal and weekly
sub-goals. Client enters details into RehabChat

A

Clinician prescribes 2 home program activities.
Client enters details into RehabChat.

h 4

Client uses RehabChat at home to practice the home program activities

!

Clinician & client review client’s progress towards
weekly sub-goal at end of 15 week

A 4

If needed: clinician modifies home program; &
client enters details into RehabChat

h 4
Client continues to use RehabChat at home for practising the home program

v

Clinician and client review client’s progress
towards weekly goal at end of 2" week

A 4
Finish using RehabChat at end of 2" week

Legend: text in italics indicates activities completed just prior to two-week intervention; white text boxes = completed
during intervention, in appointment time; grey shading = home based use
Figure 16: Using RehabChat alongside usual care

The pilot trial design was structured as a single case-series design using the A-B-A model. An A-B-
A research design is intended to be used in a larger future pilot trial of RehabChat. For the current
feasibility trial the A-B-A model was implemented to test its feasiblity. It included the following

components:
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o Clinical assessments: repeated measures conducted twice weekly for four weeks, from
one-week prior through to one-week following the two-week intervention; and pre-post
measures completed at the start and end of the two-week intervention.

e Training: to use RehabChat conducted prior to the intervention

¢ Two-week intervention: RehabChat used alongside usual rehabilitation care

e 1:1 interview and SUS: completed at the end of the intervention

The following two tables present the key activities in this pilot trial, for client-participants (Table 20),

and for clinician-participants (Table 21).
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[Type here]

Table 20: Outline of client-participant commitment

Timeline of activities for client participants (in half-weekly intervals)

No participant
activities

Participant activities

No participant
activities

Main activities at
each stage

No activity prior
to start of trial

Baseline assessment
(1 week)

Training
(1-3 days)

Intervention
(2 weeks)

Follow-up assessment
(1 week)

No research
activity post trial

Explanation of main
activities being
conducted at each
stage

Client receiving
usual care (has
had at least 3 clinic
appointments with
supervising
clinician)

Short assessments (phone
discussion or online
questionnaire) whilst client
receiving usual rehabilitation
care:

repeated measures 5-10
minutes, 2x/week: (e.g. Mon
& Thurs, or Tues& Fri);
Pre-trial outcome
guestionnaires completed
at start of training)

Training
conducted
over 1-3 days

Intervention (total of 2
weeks): use RehabChat
alongside usual
rehabilitation care

Twice weekly repeated measures: 5-
minute phone call twice per week during
both training and intervention.

Short assessments (phone
discussion or online
guestionnaire) whilst client
receiving usual rehabilitation
care:

repeated measures 5-10
minutes, 2x/week: (e.g. M &
Thurs, or Tues& Fri);
Post-trial outcome
guestionnaires completed at
end of intervention)

1:1 qualitative interview.

Trial completed.
Clinic care: Client
receiving usual
care; or discharged
during this time

89T

Table 21: Overview of clinician participant commitment

Timeline of activities for clinician participants (in half-weekly intervals)

Participant activities

No participant
activities

Main activities at
each stage

Usual care.

Training for
clinician

Baseline assessment

(1 week)

Training for client

(1-3 days)

Intervention

(2 weeks)

Follow-up assessment

(1 week)

No research
activity after post-
assessment

Explanation of
main activities
being conducted at
each stage

Clinician provides
usual care.

(clinician has
provided at least 3
clinic appointments
for client) Training
for clinician:; then
1:1 User Testing

Pre-trial outcome
guestionnaires completed
just prior to client
commencing training

Client receives
training to use
RehabChat

Intervention (total of 2
weeks): clinician
provides oversight of
client using
RehabChat alongside
usual rehabilitation
care

Post-trial outcome

questionnaires completed just

following 2-week intervention.

1:1 qualitative interview.

Trial completed.

Clinician provides
usual care; or the
client may be
discharged during
this timeframe




6.4.4 Recruitment

The feasibility pilot trial was promoted at the clinic settings by placing promotional posters (see
Appendix XVII) in the clinic areas and providing short 10-15 minute monthly update talks at online
team meetings. Recruitment was conducted with the intention to recruit client-clinician dyads.
Clinicians were recruited first. Clinicians expressed interest to the researcher who followed up
regarding recruitment. Recruited clinicians each screened their own clients for eligibility, and

eligible clients were invited to participate.

The screening process was recorded onto an Excel (6) sheet to report all data required by the
CONSORT extension for feasibility studies (4) regarding reporting of screening and recruitment
activities. Each eligible client was contacted by their clinician to briefly explain the project and invite
their consideration to be involved in it. There is precedent for clinician-participants identifying
eligible potential client-participants in the literature: in a study investigating the use of serious
gaming for cognitive training with ABI clients, the need to ascertain the client’s abilities and
challenges in order to identify their potential to interact with specific digital technology interfaces
was highlighted (90).

Interested clients could contact the researcher who then followed up to explain the project and the
informed consent process. If participating clinicians were unable to identify suitable / eligible clients
to participate, then the clinician’s training session went ahead, but no intervention period was
undertaken. The semi-structured 1:1 interview was also still completed and this incorporated an

initial mock client-clinician session using RehabChat (see Section 6.4.12.4).

All participants had a 1:1 discussion with the researcher about the project, and were provided with
an information and consent form. Separate versions of the information and consent form were
developed for clinicians (see Appendix XV) and clients, with the client version using simpler
language (see Appendix XVI). Recruitment was confirmed when a signed consent form was
returned. All participants were free to withdraw from the study at any time. Any data already
obtained from the participant during their participation in the pilot trial would still be used in the

project.
6.4.4.1 Inclusion and exclusion criteria

Any clinician providing direct clinical care was eligible to participate if they were willing to oversee
clinical processes for which they are professionally trained (for example, a speech pathologist
could oversee language and comprehension work, and a physiotherapist could oversee vestibular

rehabilitation), and to continue their usual care for their clients whilst implementing RehabChat.

Client-participants were eligible to participate in the study if they: had a diagnosis of TBI of any

severity; were able to use an iPad for the ECA; had mental capacity to provide their own consent to
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participate in this project; and were receiving care from a clinician who was already recruited into
the study for at least three appointments (to help ensure that the clinician had a good

understanding of the client’s needs).
6.4.4.2 Rationale for sample size

This feasibility pilot was purposed to provide a real-world initial testing of RehabChat in order to
discover challenges to use, any safety issues and otherwise any barriers to implementation. The
choice of sample size was guided by the need to evaluate the ECA for feasibility and usability. The

Nielsen Norman Group (https://www.nngroup.com/articles/how-many-test-users (viewed 14-2-20))

recommends for co-design usability projects that a sample size of 5 is suitable when there is a

single cohort of intended users, and that a sample size of 3-4 participants is sufficient for each

specific end-user cohort. In this project, the proposed sample size for this feasibility was 3-5 for
each cohort.

6.4.5 Participant commitment

Participant commitment was comprised of user training to achieve competency in using
RehabChat independently, completing pre- and post-intervention outcome measures
(questionnaires), and using RehabChat alongside usual rehabilitation care for two weeks.
Additionally, clinician participants undertook eligibility screening of their client caseload; and client
participants participated in twice weekly short phone calls with the researcher to complete well-
being repeated measures for anxiety, depression and motivation. Each client participant was also
given a $25 gift card at completion of their involvement as a token of appreciation for participating

in the project.
6.4.6 Technology used

The RehabChat ECA was loaded onto iPads provided by the clinic. The clinicians were familiar
with using these iPads. Client-participants used RehabChat on these iPads for their user training
session, during the two-week intervention, and also at the three client-clinician-RehabChat
appointment times (held approximately weekly during the two-week intervention). Each client-
participant kept a clinic iPad for the duration of the pilot trial. Ongoing support for use of the iPads
was provided by the researcher, including via phone and email contact. Clinicians used RehabChat
on either their office personal computer (launched via an emailed URL link) or on the clinic iPad

during their training and feedback sessions with the researcher.

Clinicians made a brief case-note entry of their client using RehabChat for each appointment that
they incorporated RehabChat, by inputting a pre-developed text entry into the client’s electronic

medical record. Interactions between project participants and the researchers for this project
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occurred face-to-face, over the phone, and/or via tele-conferencing. This enabled adherence to all

required Covid-19 precautions, and increased access to study interactions.
6.4.6.1 Technical issues

Technical issues were managed promptly as they arose. Various technical issues arose during the
early part of the pilot trial and were resolved in time to enable client participants to complete an
uninterrupted two-week intervention. A similar approach has been reported for an adaptation and
feasibility study for the development of a digital program for supporting diabetes management
(217). In it, real-time adaptations of the tool were made during the feasibility study ready for a
larger trial.

Types of technical issues encountered in the current project included: the software not performing
adequately on certain clinic iPads (resolved by swapping the iPad), software functionality issues
such as being unable to change a previously entered response using the ‘change’ click button, and
having inconsistent launching of the training module. These issues were resolved by removing the
change option, and removing the training module from the iPad after user training was completed.
To compensate for removing the change option, ECA dialogue interactions were edited to enable
the user to indicate if they needed to change an answer soon after entering key text; if so, the ECA

would then redirect the user to enable this.

6.4.7 Presentation of RehabChat

The presentation of RehabChat on the iPad included an icon tile on the iPad home screen, which
when clicked would launch RehabChat to fill the entire screen. RehabChat could subsequently be
closed by clicking on an ‘-’ in its top right corner, which would reduce it to a launch button. Clicking
on the launch button would open RehabChat to full screen at the same point in the conversation at
which it was closed. Similarly, if the iPad was turned off, when it was later turned back on and
RehabChat was launched, the ECA conversation would resume at the same point at which it was

previously used.

Two RehabChat ECA modules were utilised: a training module and, for the intervention, a
rehabilitation module (see Section 4.4.2,). The training module contained opportunity for the user
to learn the key skills required for using the rehabilitation module whilst participating in a simple
conversation about weather and transport. These key skills included turning RehabChat on/off,
entering freeform text responses, clicking on choice options, and scrolling to review content. A user
guide was provided to the participant to use during the training session and later during the
intervention. The user guide gave dot-point cues about how to do key skills for using RehabChat

(see Appendix XX).

6.4.7.1 ECA conversation content
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The RehabChat conversation was designed using constrained language content, meaning that all
content was controlled, with no risk of unintended content. The conversation content is comprised

of 7 parts which are:

Initial set-up of main rehabilitation goal, and weekly sub-goal

Two practice activities and motivational supports such as a reminder system
Entering in details of clinician-prescribed practice activities

Guidance for client to complete the practice activities at home

a > wDnh e

Review of client’s progress after one week; entering in any clinician-prescribed updates or

change to the practice activities

o

Client continues home practice

Final progress review completed at end of second week.

Each participant was offered the choice of using either a short-style conversation or a long-style
conversation. Both options comprised the main tenets of goal-setting, prescribing practice
activities, symptom management and weekly progress reviews. The longer conversation also
included more reiterative explanation of content and options for choosing a motivational support
such as a support person (see Figure 11). The differences between the two conversation styles
were explained during the recruitment process and also in the training session. Advice was
provided to the clinician that if they felt that the client may not tolerate a lot of language-based

interaction, then they should choose the shorter conversation.
6.4.8 User testing with clinicians

User testing was conducted with clinician participants prior to any client using RehabChat. The
purpose of user testing is to identify glitches in the product being developed, and it can be
completed whilst developing a novel device rather than just at completion of design. This differs to
usability testing which instead focuses on how easy it is to use the device as intended
(https://digital.gov/2014/10/06/user-acceptance-testing-versus-usability-testing-whats-the-dif/
viewed 12-2-22).

In the current project, the main considerations when deciding how to conduct user testing included

the following:

o Not all of RehabChat could be used during a one-off session, as it is intended to be used
over multiple sessions within rehabilitation context

e The participants would need to understand the conceptual design of RehabChat including
its intended mode of use in the rehabilitation clinic setting involving a client-clinician dyad

e The participants would need to be able to cope well if any software glitches occurred

(researcher support would be available to solve the glitches at the time)
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e User testing and follow-up changes made to RehabChat needed to be conducted prior to
client-participants using RehabChat

e Essential to ensure that clinicians were confident in the design of RehabChat including it
being easy to learn to use for their clients, as they would be overseeing its use during the

pilot trial.

In line with the above considerations, it was decided that recruited clinicians would patrticipate in
user testing at the end of their training session in which they would have learnt to use RehabChat
and also about their role as a supervising clinician. The focus of user testing was to identify bugs or
glitches in the software and seek feedback on any potential issues that may occur with
implementing RehabChat in the clinical environment with clients with TBI. User testing, including
making subsequent changes to RehabChat in response to feedback received, was completed prior
to any client using RehabChat.

User testing was done with the first three clinicians recruited, during each of their 1:1 training
sessions. During the user testing the clinician used RehabChat on a PC or iPad, and could offer
general feedback during and/or after use, and also respond to semi-structured questions by the
researcher. The questions asked during user testing followed a question guide (see Appendix XIX).
Questions covered areas of initial impressions and feedback, and how well, both the RehabChat
ECA and also the user guide were able to meet client needs and recommendations for improving
this. As well, clinicians were asked for feedback about using RehabChat alongside usual care, and
any recommendations for improving its integration into the clinic setting. Feedback data was
collected by the interviewing researcher as hand-written notes. One clinician also provided

additional emailed feedback due to lack of time during their training session.

Feedback data collected during user testing was collated into general themes and then prioritised
to identify the changes that were needing to be made to the ECA prototype. Modifications were
then made to RehabChat in response to user testing feedback prior to client-participants using it in
their training and during the subsequent two-week intervention. The results for user testing are

presented at Section 6.5.2.
6.4.9 Single case design with an A-B-A research model

A ‘within-subjects’ single case design (SCD) (218) research model was chosen for this feasibility
pilot trial because it accommodates low sample sizes by analysing the results for each subject
separately using within subject analysis (219). The sample size for a SCD trial can be one, but is
usually up to eight (220). Generalisability of SCD results is not intended, as there would need to be
other SCD studies to ratify the results more broadly (221). This is not a limitation for the current

project where the intent was to appraise the feasibility of using RehabChat in a specific brain injury
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rehabilitation setting. The SCD approach has been particularly recommended for assessing novel

digital health interventions (222), neurological client cohorts (223) and special education (220).

This SCD study utilised an A-B-A design (223, 224). This included two ‘A’ observation phases prior
to and immediately following a central ‘B’ intervention phase. For the current project, ‘A’ was limited
to one week to minimise client burden; and ‘B’ was limited to two weeks to ensure that the
intervention did not impact overly upon usual care nor inadvertently convey that the tool could
provide effective care; but it was still long enough to enable participants sufficient experience using
RehabChat and to provide feedback. During both the A and B phases, repeated measures data
(see Section 6.4.12.2.2) were collected on a twice-weekly basis. Results were compared between
A and B phases. Because the current study’s quantitative measures utilised ordinal data, the

results could not be analysed for significant effect.
6.4.10 Participant training, and ongoing support for participants

A specific approach was adopted for conducting participant training which met clients’ clinical
needs. People with TBI can experience unique learning needs including the need to have regular
rest breaks, take longer time to complete a task, and have written notes provided of the topic

(https://www.brainline.org/article/accommodations-quide-students-brain-injury (viewed 18-1-22)).

Additionally, this cohort benefits from having the task demonstrated to them with examples used to
illustrate concepts, and subsequent repeated practice of the task done in a consistent manner

(http://www.projectidealonline.org/v/traumatic-brain-injury/ (viewed 18-1-22)). All of these factors

were integrated into the training approach for participants learning to use RehabChat.

In the current project, a supportive approach was taken for participant training: the RehabChat
training module was completed by the participant; the participant could practice using RehabChat
prior to being assessed for competency, and the training process could occur in an unhurried
manner over 1-3 sessions. Prior research has similarly reported the use of supportive pre-training
for clients with ABI using tele-health technology in which the training occurred over three training
session (225). All participants received the same training for learning to use RehabChat. Each
training session was conducted 1:1 with the researcher and lasted approximately 30-60 minutes..
In the training module, the user practices essential skills of launching and closing RehabChat,
selecting a multiple-choice option, and entering freeform text. The user can refer to their user guide
(see Appendix XX) as needed. During the first part of the training session, the researcher provided
supportive instruction and cues, and the participant practiced using RehabChat until they felt ready
to be assessed for competency. A user could request a repeat training session if required. During
the second part, the participant used the ECA independently without supportive cues, so as to
demonstrate that they were able to execute the key skills for using RehabChat. If the researcher
assessed the participant as successful with this, they were deemed ready to commence using

RehabChat in the clinical context.
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Client training session were conducted in-person using an iPad. Clinician training sessions were
conducted either in-person using the iPad, or via tele-conferencing which required them to use
RehabChat on their personal computer (PC) with screensharing. In the clinician training sessions,
additional content was included about their role of providing clinical oversight, and of screening

their own clients for eligibility.
6.4.11 Two-week intervention

The RehabChat intervention commenced after both the client and clinician were assessed as being
competent in using RehabChat, and the baseline assessments (see Section 6.4.12.2.1) were

completed.

RehabChat was used alongside usual rehabilitation care for two weeks. Two-weeks is shorter than
the intended six- week duration intended for RehabChat once its design and mode of
implementation are stable, but sufficient for allowing participants sufficient time to experience using
all of the functional aspects of RehabChat (see Section 6.1). There is precedent for conducting a
two-week intervention alongside usual care. A two-week intervention period has been previously
utilised in research investigating use of a wellbeing CA used in mental health care (226); for a
mHealth intervention for monitoring mood following TBI (227); and for use of tablet-based visual
feedback for improving exercise adherence after stroke, administered for two weeks within a four-
week home exercise program (174). There is also precedent in the literature for using novel
technology devices alongside usual rehabilitation care. A study investigated the use of mHealth
tools alongside usual care for supporting exercise therapy interventions; in this study, feedback
was gathered from both client and clinician participants (228, 229). Similarly, both clients and

clinicians participated in this feasibility pilot trial.
6.4.11.1 Structure of intervention

Below is an overview of how the two-week intervention was structured. (Refer also to table A and

table B above).
Day 1: in appointment time:

1. Clinician provides clinical oversight for client’s use of RehabChat
Client enters details of rehabilitation goals (main goal and weekly goal)

3. Clinician prescribes two practice activities along with a symptom to monitor for and details
how to manage the symptom if it occurs (collectively described as the home exercise
program (HEP)

HEP details are entered into RehabChat
Client practises the HEP using RehabChat during the appointment
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6. HEP details are updated in RehabChat as required to facilitate independent practice by
client

7. When finalised, client is ready to use RehabChat independently at home to complete their
HEP.

Client uses RehabChat at home

1. Client uses RehabChat daily for practicing the HEP
2. RehabChat provides details of practice activities and symptom to monitor for
3. Client completes the practice activities

4. Client reviews if any symptom, and manages accordingly.
After one week: in appointment time

1. Client and clinician review progress for achieving the weekly goal and enter a new weekly
goal and two practice activities for second week

2. Client practises the HEP using RehabChat

3. HEP details are updated in RehabChat as required to facilitate independent practice by
client

4. When finalised, client is ready to use RehabChat independently at home to complete their
HEP.

At the end of two weeks: in appointment time

1. Client and clinician review progress for achieving the weekly goal and reviews the main
goal.

2. The intervention is completed.
6.4.11.2 Participant safety and wellbeing

The safety and wellbeing of participants incorporating risk management was a key focus of this
study. See Table 22 and Table 23 for details of approaches for this for clients and clinicians
respectively. Clients’ wellbeing and safety was ensured through three means. Firstly, the clinician
provided attentive supervision and monitoring of the client throughout the intervention. This
approach of having clinician oversight has been previously reported in a study in which a personal
coach CA was used in a private allied health setting to augment therapist work (230). Secondly,
the researcher conducted twice-weekly phone calls to the client to complete the repeated
measures which included Likert scale questions for anxiety and depression (see Appendix XVIII). If
a score indicated moderate or more significant symptoms, and/or the client otherwise indicated
distress, the researcher asked the client if they would like additional support organised for them

and could organise this as required by referring to the clinic’s therapist/s. Conducting twice weekly
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phone calls during a study have previously been reported in a study investigating the use of a CBT

online agent for mental health support: this two-arm trial offered either twice-weekly or daily check-

in by a clinician (135). Thirdly, all participants were informed that the ECA did not provide clinical

care, and that all concerns should be discussed directly with their clinician.

The wellbeing of clinicians was assured through providing thorough initial training about their

supervisory role for the client using RehabChat, the potential clinical issues that may arise, and

how to undertake the screening process. Additionally, clinicians could balance their other work

commitments with participation in this project by choosing when to undertake eligibility screening,

and whether they would participate in the project without supervising a client and instead just

provide feedback based on a mock client-clinician practice session.

Table 22: Risk management — for client participants

Safety or wellbeing
concern

Mitigating the issue

Managing the issue if it arises

Struggling to understand
what is expected of user

Conduct preliminary education and training session
prior to start of trial; emphasize the nature of how
RehabChat is used, and what to expect from it.

Clinician is trained in RehabChat and can support
client on ongoing basis.

Clinician and/or researcher to
provide ad-hoc education and/or
reassurance (can do so during
any appointment time)

Frustration

Conduct preliminary training on how RehabChat is
used, and what to expect from it.

Clinician is trained to monitor client wellbeing and can
support client on ongoing basis.

Cognitive fatigue or
overload

User guide and RehabChat ECA explain that client
can take a rest at any time. Clinician can remind client
of this.

Clinician is trained to monitor client wellbeing and can
support client on ongoing basis.

Physical symptoms, e.g.
muscle strain (hand,
neck) or eye strain

Ensure each stage of using RehabChat is time-limited
to approximately 5-15 minutes.

Clinician is trained to monitor client wellbeing and can
support client on ongoing basis.

Clinician to monitor for any
symptoms; and suggest
appropriate clinical management
to resolve problems; client can
take a rest break when needed

Table 23: Risk management — for clinician participants

Safety or wellbeing
concern

Mitigating the issue

Managing the issue if it
arises

Feeling overloaded in
work role due to
using RehabChat

Develop methodology in consultation with SABRIS Research
Coordinator to ensure it is a fair and reasonable workload for
clinician participants.

Methodology is intended to be minimally invasive upon usual
rehabilitation care at both clinics.

Ensure clinician understands what is required in project
participation.

Concerned about
client wellbeing

Explain potential client wellbeing issues and ways to
mitigate/manage these prior to start of trial, during education
session.

Clinician can talk to site
contact person, and/or JH
to resolve this issue.
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Worried about data Conduct preliminary education and training session prior to Clinician can contact JH
security start of trial; emphasize the nature of how RehabChat is used, who will reiterate data
and what to expect from it. security measures.

Explain data security.

6.4.12 Assessment

In this mixed methods project, both quantitative and qualitative data was collected. It has
previously recommended that both types of data be collected and analysed in usability studies
(231).

6.4.12.1 Feasibility, usability, and acceptability testing

The focus of this project was to assess the feasibility, usability, and acceptability of implementing
RehabChat in two clinic sites of an ambulatory care brain injury rehabilitation service. Usability
testing of a CA requires a unique approach because of its key difference to other software
applications of comprising a conversational interface, which in itself may make it more usable
(232). Each of the mixed methods approaches used in this project have a precedent in the peer-

reviewed literature, and these are presented below.

This RehabChat study focused on testing the feasibility of using the ECA in the two clinics, and
also of conducting the research processes. Similarly, previous feasibility testing has focussed on
assessing pragmatic aspects such as the recruitment strategy, and administration of the outcome
measurements (233). Acceptability assessment can be conducted through qualitative interviews
(234). It can look specifically at perspectives on barriers and facilitators related to implementing the
device, user engagement, any technical issues relating to the clinical context and its technological
setup (229). Acceptability appraisal of both client and clinician participant (233) experiences of
using the device in the context of the study (233) can focus on their perceptions of the device’s
strengths and weaknesses, ideas for future developments, and secondly align feedback to
participants’ experience and attitudes toward technology (228). In the current project, feasibility,
usability, and acceptability were appraised using a mixed methods approach comprising semi-
structured qualitative interviews and a quantitative questionnaire (System Usability Scale (SUS)
(18)) (see Section 6.4.12.3). Previous research has reported that user experience of a well-being
CA was appraised qualitatively (226). Additionally, the SUS has been recommended for
guantitatively appraising usability and acceptability aspects of a CA for dementia care CA (155)
and used in a feasibility and usability study for cognitive telerehabilitation for clients with severe
TBI (225).

The qualitative interview questions for this feasibility pilot trial were structured using the UTAUT

(see Section 6.4.2.1) and focused on usability, acceptability, and clients’ clinical needs and
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wellbeing (see appendices XXI and XXII for the separate interview guides for client and clinician

participants).
6.4.12.2 Quantitative measures

The quantitative measures used in this study encompassed the domains of client motivation,
anxiety and depression and therapy engagement. Interestingly, in a randomised feasibility pilot trial
assessing an intervention for low mood for clients with ABI, the outcomes included self-report of
anxiety, depression, motivation and therapy participation (235), which are similar to the measures
used in the current study.

6.4.12.2.1 Pre-post clinical outcome measures

Four quantitative pre-post clinical outcome measures were used in this pilot. These have all been
validated for brain injury rehabilitation, and all incorporate Likert scale questions. Clinicians
supervising a client using RehabChat completed the questionnaires. Clinicians with no client were

not required to complete the clinical questionnaires. These measures were:

1. Client self-report
a. Motivation for Traumatic Brain Injury Rehabilitation Questionnaire (MOT-Q) (236):
31 questions for factors relating to extrinsic factors affecting motivation: Lack of
Denial, Interest in Rehabilitation, Lack of Anger, Reliance on Professional help
(236); suitable for inpatient and day rehabilitation (236).
b. BMQ- S (Brain Injury Rehabilitation Trust Motivation Questionnaire-Self) (237): 34
guestions for intrinsic factors affecting motivation.
2. Clinician report
a. BMQ-R (Brain Injury Rehabilitation Trust Motivation Questionnaire-Relative) (237):
34 questions for intrinsic factors affecting client’s motivation. This version, although
being a ‘relative’ report, is used by clinicians in research reports (3).
b. RTES (Rehabilitation Therapy engagement Scale) (15): 15 questions of how well

the client engages in rehabilitation.

Of note, prior literature recommends the use of the MOT-Q and BMQ in research for moderate-
severe brain injury (238), and that both the MOT-Q (which appraises intrinsic motivation) and the

(BMQ-S) (which appraises extrinsic motivation) (3) are recommended to be used together (3).

6.4.12.2.2 Repeated measures

Twice weekly researcher-developed Likert scale measures about anxiety, depression, motivation,
and energy levels (see Appendix XVIII) were completed during the A-B-A phases. Similarly, in a
previous feasibility pilot study investigating an mHealth tool for mood monitoring following TBI,

participants completed twice weekly Likert scale questions regarding satisfaction (227).
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The repeated measures were conducted via a brief phone call to the participant. The measures
included weekly administration of the Hospital Anxiety and Depression Scale (HADS) (8, 9), and
twice weekly administration of four researcher-developed questions for Anxiety, Depression,
Motivation and Energy (ADME).These measures were implemented to monitor for any potential
negative impact that using RehabChat may have on client-participant anxiety or depression, due to
the known risks of using CAs including exacerbation of anxiety or stress (see Section 1.6).
Additionally, screening for motivation and energy levels was done as an informal proxy indicator for
stress or other unknown negative factors impacting on the client’s wellbeing, given that previous

research has noted that there are unknown risks associated with CA use (see Section 1.6).
The repeated measures are explained below.

e The HADS is comprised of 14 Likert Scale questions (0-3 scale), measuring anxiety (seven
guestions) and depression (seven guestions) (239), and can be administered at intervals of
at least one week (240). Cut-off scores for symptom severity are 8-10 for mild, 11-14 for
moderate, and 15 or more for severe (241). The HADS questions were asked in the order
presented on the scale. The HADS has been previously recommended for use with clients
with severe brain injury (238).

e The four ADME questions (see Appendix XVIII) incorporated a 0-10 Likert scale, and were
designed to be brief and simple to complete, so as not to fatigue the client-participants. The
ADME questions were asked in random order (randomised by pulling numbers 1-4 out of

an envelope and applying these to the questions on the form).

6.4.12.3 System Usability Scale as a post-measure

The System Usability Scale (SUS) (18) was completed by each participant following completion of
the two-week intervention. The SUS has 10 Likert scale questions. It has been used in studies
reporting on digital health interventions for brain injury, disease and stroke including: a feasibility
pilot trial appraising additional visual feedback for upper limb stroke rehabilitation adherence (174);
a user testing study of a memory support ECA for dementia care (155); and a feasibility and

usability study for cognitive rehabilitation for clients with severe TBI (225).
6.4.12.4 Semi-structured qualitative interviews

Following completion of the two-week intervention, each participant participated in a 1:1 semi-
structured interview. The interviews were conducted by Judith Hocking via Zoom (208) or phone
and lasted 25-60 minutes. The semi-structured interviews were conducted using a question guide
comprising questions based on feasibility, usability, and acceptability to meet the aims and
objectives of the pilot trial. The questions for the semi-structured interviews were developed using
recognised theoretical frameworks. These frameworks were the UTAUT for technology acceptance

and usability (19), and the WCAG for aspects of Perceivability, Operability, Understandable,
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Robustness (20). See Appendix XXI for a copy of the question guide for clinician-participants, and

Appendix XXII for a copy of the guide for client-participants.

There is precedent for conducting qualitative interviews in research for digital health technologies,
including for stroke patients. For example, interviews were conducted with client and clinician
participants following trial of a novel digital health tool alongside usual rehabilitation care for knee
surgery patients (228); and for appraisal of wearable accelerometers with a linked Web platform
provided as part of an exercise referral scheme (229). Both studies included an emphasis on
appraising acceptability, barriers to implementation into the clinical setting, and the client’s
engagement with the tool itself (228, 229) which align with the UTAUT-related purposes for the
interviews in this feaiblity piot trial. Qualitative interviews have also previously been recommended
to augment quantitative results for a digital health feasibility study for stroke rehabilitation which
had a small sample size (174), which again aligns to this RehabChat study. For these reasons,

qualitative interviews were included in this project.

For clinician-participants for whom no clients could be recruited, the qualitative interview session
incorporated a mock client-clinician session to use RehabChat. This session lasted approximately
30-minutes and enabled the clinician-participant to gain some experience in using RehabChat. In
this mock session, the clinician-participant used RehabChat as a mock client, and the researcher
played the part of a mock-clinician providing support for the client. In a previous study investigating
the feasibility of a digital motivational interviewing tool incorporating serious gaming (242), the

participants similarly used the tool for 30 to 60 minutes before then providing feedback (242).

All semi-structured interviews were conducted via Zoom (208) and were recorded digitally. If there
was a failure of the digital recording process, the researcher completed a detailed written summary
of the interview, and the participant reviewed this for accuracy and made corrections or points of

clarification as required.
6.4.13 Data Management

As this is a mixed methods study, both quantitative and qualitative data were collected, compared,
and narratively discussed. All project data, (including completed questionnaires, audio recordings,
transcriptions, ECA usage data, and iterative design changes to the ECA) was saved onto the
Flinders University Cloud ‘R’ research drive in the form of audio files, word.doc files, and Xcel
spreadsheets. Password protection was used. All hard copy data (including written notes taken
during the interviews) is stored in a locked filing cabinet at the Flinders Digital Health Research
Centre (FDHRC). Additionally, all data entered into the ECA by participants was stored by the

software company Clevertar (see Section 4.1.2).
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The qualitative audio data collected in this study from the 1:1 interviews was de-identified using
version 3.1 of Audacity® recording and editing software (2). The de-identified audio recording was
then transcribed using Microsoft Transcribe (12) and finally entered into NVivo software (14) for
analysis and coding of the transcriptions. Thematic analysis using the Framework Analysis
approach (171) was undertaken of the transcribed data. Framework Analysis is appropriate for
gualitative analysis in which pre-defined purposes or directions of analysis are sought (171. This
was relevant for the current RehabChat study which was purposed for identifying and interpreting
feedback to further refine the design of RehabChat and its intended mode of implementation. Thus,
during data analysis, emphasis was given to extracting data relevant to the further improvement of
RehabChat.

6.5 Results

6.5.1 Demographic details

Recruitment was conducted as a rolling programme from July to December 2021. Four clinicians
(4F) were recruited representing varied professions: Speech Pathologist (SP) (n=2), Occupational
Therapist (OT) (n=1) and Education Tutor (ET) (n=1). The years working in brain injury
rehabilitation and the years working at the current clinic were the same: a mean of 20.25 years,
with a range of 9-30 years. Comfort in using a CA was scored on a scale from 0 — 4 (4 indicating
high comfort) as 3 (n=3), or as 0 (n=1).

Details were collected regarding screening and recruitment of client participants according to
CONSORT requirements for this data (see Figure 18). Clinicians screened a total of 23 clients, of
which 21 were excluded. Reasons for exclusion were being ineligible (n=10); eligible but declining
to participate (n=6); and other reasons such as psychosocial stress (n=5).

Demographic data for participants is presented in Table 24 for clinician participants and Table 25
for client participants. For the two clients recruited (1M, 1F), they received the full intervention.
Both recruited clients reported good comfort in using a CAs (Visual Analogue Scale (VAS) of 0-4,
with clients scoring 3 and 4) despite minimal prior use of CAs, but varied comfort in using

technology in rehabilitation (VAS scores of 1 and 4).

Each client-participant had their own supervising clinician. The two remaining clinicians were
unable to identify any eligible clients. These clinicians were instead able to provide feedback about
RehabChat during a mock client-clinician-RehabChat session with the researcher (see Section
6.4.12.4). Each of these three sub-cohorts comprised two participants, and one participant from

each had participated in the co-design workshops (see Tables 24 and 25).
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All four dyad participants as well as one of the clinicians with no clients completed the training
module and achieved competency in a single training session. The other clinician with no client
declined to complete the training module as they felt comfortable using RehabChat following their

earlier participation in the co-design workshops.

Both dyad pairs of participants completed the full two-week intervention. They all chose to use the
shorter conversation style. All four dyad participants completed the clinical quantitative

assessments. All participants participated in qualitative interviews and completed the SUS.

[ Screened ] Screened prior to eligibility
assessment (n = 23)

» Excluded (n=0)

A 4

Enrollment Assessed for eligibility (n = 23)

Excluded (n=21)

"~ Not meeting inclusion criteria (n = 10)

" Other reasons: Declined to participate (n
= 6); too busy = (n = 2); not engaged
well with rehab (n = 2); finishing rehab

A 4

(n=1)
[ Allocation

Allocated to intervention (n = 2)
“ Received allocated intervention (n = 2)
" Did not receive allocated intervention (n = 0)

A4 [ Follow-Up ]
Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (n = 0)

Y [ Participation ]

Completed training (n = 2)
Completed 2-week intervention (n = 2)

Figure 17: Feasibility pilot trial CONSORT details for screening and recruitment
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[Type here]

Table 24: Demographic data for clinicians in feasibility pilot trial

Participant Age bracket | Gender Profession Yrsin Yrs in brain Yrs at Comfort # of times Comfort Participated
profession injury rehab | current using tech used CA using CA(0 | in
clinic in rehab (0 — —4) workshops*
4)
Clinician 65-older Female Education 22 22 22 (in mod- 2 Never 0 No
(with client) Tutor severe ABI
clinic)
Clinician 45-54 Female Speech 28 20 20 (in mod- 3 1-3 3 Yes
(with client) Pathologist severe ABI
clinic)
Clinician (no | 45-54 Female Speech 33 30 30 (in mod- 3 10 or more 3 No
client) Pathologist severe ABI
clinic)
Clinician (no 25-34 Female Occupational | 10 9 total 9 (7 in 3 Never 3 Yes
client) Therapist mod-severe
ABI; 3.5in
mTBlI)
Mean (M); 23.25 (10, 20.25(9,30) | M=20.25 (R
(Range) 33) 9, 30)

Legend: mod-severe = moderate to severe; ABI = acquired brain injury; mTBI = mild traumatic brain injury; # = number; CA = conversational agent; * = co-design workshops

Table 25: Demographic data for clients in feasibility pilot trial

Comfort using

Participated in

Participant Age Gender vocation / How long ago | How long technoloay in # of times Comfort using co-desian
P 9 occupation TBIl occurred attend clinic 9y used CA CA (0-4) 9
rehab (0 —4) workshops
Client A 45-54 Female Home Duties 22wks. 20 mo.! 1 4-6 times 4 Yes
Client B 25-34 Male Unemployed 6 wks. 16wk 4 1-3 times 3 No
Mean; (Range) 14 wks. (10, M =51 wks. (4,
30) 20)

Legend: ABI = acquired brain injury; mTBI = mild traumatic brain injury; # = number; CA = conversational agent; * = co-design workshops; + = approximated to 86 weeks for mean and

range calculation)




6.5.2 User testing with clinicians

User testing was conducted with 3 recruited clinicians (2 speech pathologists, 1 education

tutor) during each of their individual training sessions. The main themes of feedback

requiring follow-up changes to RehabChat were Change content, Reviewing entered

content, Wordiness, Phrasing for cues, and Single choice confirmation click options (see

Table 26). User testing was not conducted for the fourth clinician because they were

recruited later on when at least one client participant had already commenced using

RehabChat; and thus no further changes would be made to RehabChat and therefore the

user testing was not indicated.

Table 26: User testing: feedback and changes made

Main theme

Feedback received

Changes made to RehabChat

Change content

Close of conversation experience needs to
acknowledge user input and finalisation of
conversation more fully

Final closing screen needs clear instruction to
close Chrome

Don’t use assessment and assessor [in training
module] -relace with practice, coach

- Single choice confirmation click options- need
more variety not just ‘that sounds good’- each one
should be specific to context just discussed, and
not just a general comment like ‘thanks’

- outline the steps to be taken in conversation not
just say at end of a section what the next step will
be, because the client is not aware of it coming up

Closing comments more clearly
acknowledge user’s input, and a
goodbye.

Closing screen instructs to close
Chrome

Wording changed to ‘practice’ and
RehabChat ‘staff-person’

Confirmation single choice options
varied in wording, and included
more specific content related to
context of conversation

Steps to be taken in a section of
conversation were stated earlier

Reviewing
entered content

Don’t use ‘take me back a few steps’ as it is clunky
because it goes back to an unexpected section and
you’re not ready for where it takes you

Instead, use scrolling = client-directed

‘take me back option’ removed

Scrolling emphasized

Wordiness

Have less wordiness

Too much detail in some dialogues (3-4 lines in
some whereas others had 2-3)

Dialogues limited to maximum of
2-3 lines each

Phrasing for cues

Lead in cuing for user to complete a sentence need
to be more open ended e.g. not ‘because it’ but
‘because’

- make placeholder cue more explicit

Lead-in cues made simpler,
shorter, and placeholder cues
included brief explanatory content

6.5.3 Technology issues encountered
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Types of technical issues encountered in the current project included the software not
performing adequately on certain clinic iPads (resolved by swapping the iPad), with software
function issues including unable to the change function of changing a previously entered
response, unable to reliably upload a different avatar style, and having inconsistent
launching of the training module (resolved by removing the change option, only offering one
avatar, and removing the Training module from the iPad after training was completed). To
compensate for removing the change option, ECA dialogue interactions were edited to
enable the user to indicate if they needed to change an answer, following which the ECA
would redirect the conversation to a point where this was possible. Technical issues were

resolved to enable each client to complete a two-week intervention without interruption.
6.5.4 Version of ECA used for two-week intervention

The final stable ECA prototype of RehabChat was utilised in the two-week intervention. This
version of the prototype incorporated the many changes made in response to feedback
recommendations from all stages of user consultation (alpha and beta testing, co-design
workshops, second alpha testing, and user testing), and technological adjustments for
resolving glitches and ensuring successful integration into the clinic setting as preparation for
the feasibility pilot trial. This final prototype is outlined visually in Appendix XXIII as a series
of screenshots each showing aspects of the conversation content with some brief
explanatory notes which highlight key factors displayed in the screenshot for the Ul or the

conversation structure and content.

The final prototype design of RehabChat is also described below (see Section 6.5.8)
according to the reporting criteria recommended in the scoping review (see Section 2.7.1)

and based on the data extraction instrument used in the scoping review (see Appendix I1).
6.5.5 SUS scores

The results for SUS scores for dyad participants (two clients and two clinicians) are
presented in Table 6 below. Three results indicate that RehabChat has very good usability;
and one score was just below the average threshold, which was possibly due to the client
initially experiencing technical issues with RehabChat prior to then having a smooth two-

week intervention period.
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Table 27: System Usability Scale scores

Attended prior

Participant | co-design SUS score Interpret SUS score*
workshops
Client Yes 67.5 just below the av score of 68; this client initially

experienced multiple technical issues (due to
software upgrade and iPad issues); these issues
were resolved, and the client could then progress to
complete an uninterrupted two-week period using

RehabChat

Client No 82.5 yes has good usability; this client experienced
negligible technical issues

Clinician Yes 75 yes is usable

Clinician No 80 very usable

Legend: * = Score results are considered against the average SUS score of 68 (see Measuring
Usability with the System Usability Scale (SUS) Jeff Sauro, PhD, February 3, 2011 (viewed on
https://measuringu.com/sus/ accessed 8-1-22)).

6.5.6 Quantitative results

Quantitative results were collected for the repeated measures (incorporating once weekly
HADS scores and twice weekly screening scores for anxiety, depression, motivation and
energy (ADME)) completed during the ‘A-B-A’ phases, and for the pre-post measures

completed at the start and end of the ‘B’ intervention phase

The clients completed the repeated measures via twice-weekly phone calls with the
researcher. The clients completed their pre-measures independently at their training
session, and their post measures they chose to complete via a phone call with the

researcher. Clinicians completed the pre-post measures independently.
6.5.6.1 Repeated measures

Client A’s repeated measures results are presented in Figures 18 and 19, and in Table 27.
For Client A’s ADME Likert-scale measures, ratings for both Anxiety and Depression ratings
showed an overall gradual reduction, with scores in each category varying by 4-6 points. The
rating scores for both Motivation and Energy varied during the trial and the ratings for each

of them did not align to the other.

Client B’'s repeated measures results are presented in Figures 20 and 21, and in Table 28.
Each of Client B's ADME scores remained stable during the trial with only minimal variation
for each (varied by 2-3 points). Client B's HADS scores showed a slight improvement over

the trial, primarily attributable to reduction in the HADS depression score component.

6.5.6.2 Pre-post measures
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The quantitative results for the pre-post measures for both clients are presented in Table 29

below.

The pre-post measures for Client A remained generally stable for all four outcome
measures. The scores for both the BMQ-S and BMQ-R increased slightly between pre and
post time points, which indicated a small amount of deterioration in motivation. Comparing
the BMQ-R clinician report and BMQ-S client report scores for client A showed that the
clinician scored the client has having higher motivation than what the client self-reported with
a difference in scores of up to 25 points. As well, the baseline BMQ-S for this client was
incomplete, which may skew the comparative result. The MOT-Q and RTES results only
differed by 1 point from pre to post intervention. The MOT-Q appraising intrinsic motivation
(3) score of 42 indicates good motivation, from a possible range of scores of -62 to +62 (13).
The clinician’s score of Client A’s therapy engagement in the RTES was stable at pre = 39

and post = 38, out of a possible total score of 45 (15).

The pre-post results for client B showed consistency in pre-post measures for the BMQ-S
and MOT-Q. The clinician reported scores for BMQ-R and RTES showed some indication of
improvement. Comparing the BMQ scores for self-report (BMQ-S) to clinician report (BMQ-
R) reveals fairly close affinity with 10-11 points difference in scores. Client B’s self-report
score in the MOT-Q score for intrinsic motivation indicated reasonable motivation pre = 32,
post = 31), and similarly the clinician report for therapy engagement in the RTES indicated
reasonable engagement (pre = 24)) and improved somewhat at the end of the intervention
(post = 32).
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A0 Blst B2nd Al
—&— HADS - Anxiety 14 13 12 11
—— HADS - Depression 8 8 9 10
HADS - total 22 21 21 21

Figure 18: Client A Hospital Anxiety and Depression Scale scores
Legend: A:0 = pre A phase; Blst = B phase 1st week; B2nd = B phase 2" week; A:1 = post A phase;
1/2 = first measure for that week; 2/2 = second measure for that week

12

10

° A:01f2 | A:02/2 | Blst1/2 | Blst2/2 (B2nd1/2 |B2nd 2/2 | A:11/2 | A:12/2
—+— Anxiety 9 7 6 6 7 5 3 3
-8 Depression 5 5 6 2 5 2 0 3
Motivation 6 8 6 4 4 7 4 7
Energy 3 8 10 9 4 5 7 7

Figure 19: Client A scores for Anxiety, Depression, Motivation, Energy researcher-developed
guestions)

Legend: A:0 = pre A phase; Blst = B phase 15t week; B2nd = B phase 2" week; A:1 = post A phase
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—8—HADS - Depression 4 3 3 2
HADS — total 11 9 9 9

Figure 20: Client B Hospital Anxiety and Depression Scale scores
Legend: A:0 = pre A phase; Blst = B phase 15t week; B2nd = B phase 2" week; A:1 = post A phase

8
7
6 4
5
4
3 \
2 = =
1 o o o + o o
0
A:01/2 | A:01/2 | Bist1/2 | Bist2/2 (B2nd 1/2 |B2nd 2/2 | A:12/2
—— Anxiety 1 1 1 1 1 1 1
-8 Depression 3 2 2 2 2 1 2
Motivation 6 6 6 5 7 6 7
Energy 6 6 5 6 6 7 5

Figure 21: Client B scores for Anxiety, Depression, Motivation, Energy researcher-developed
guestions)

(N.B no results for A:11/2 because client not available)

Legend: A:0 = pre A phase; Blst = B phase 15t week; B2nd = B phase 2" week; A:1 = post A phase;
1/2 = first measure for that week; 2/2 = second measure for that week
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Table 28: Client A repeated measures — 4 researcher-developed questions & Hospital Anxiety and Depression Scale

HADS -

A or B phase Anxiety Depression Motivation Energy HADS — Anxiety Depression HADS - total
First A phase 9 B 6 3
First A phase 7 5 8 8 14 8 22
B phase — 15t week 6 6 6 10
B phase — 15t week 6 2 4 9 13 8 21
B phase —2"dweek | 7 5 4 4
B phase —2"dweek |5 2 7 5 12 9 21
Second A phase 3 0 4 7
Second A phase 3 3 7 7 11 10 21
:¢:> Table 29: Client B repeated measures — 4 researcher-developed questions & Hospital Anxiety and Depression Scale
A or B phase Anxiety Depression Motivation Energy HADS - Anxiety gg\[?ris:sion HADS - total
First A phase 1 3 6 6 7 4 11
First A phase 1 2 6 6
B phase — 15t week 1 2 6 5 6 3 9
B phase — 15t week 1 2 5 6
B phase — 2" week 1 2 7 6 6 3 9
B phase -2 week | 1 1 6 7
Second A phase * * * *
Second A phase 1 2 7 5 7 2 9

Legend: * = client not available
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Table 30: Pre-post measures

Measure | BMQ-S BMQ-R MOT-Q RTES
Four sub-scales* el
Client Total score Total score score Total score
IR LA LD RP
A pre 81 (had 5 pre 58 pre 6 11 14 12 43 pre 39
missing
responses)
post 89 post 64 post 2 14 17 9 42 post 38
change; + 8; minimal change + 6 (minimal | change -4 +3 +3 -3 -1 change -1 (equivocal)
implication deterioration deterioration) (equivocal)

B pre 80 pre 91 pre 6 10 12 4 32 pre 24
post 78 post 68 post 8 9 9 5 31 post 32
change; - 2; negligible | change - 23; small change +2 -1 -3 +1 -1; change +8; some
implication improvement trend for equivocal improvement
improvement
Legend:

Italics font = unable to obtain definitive score due to missing five responses in baseline MOT-Q
MOT-Q = Motivation for Traumatic Brain Injury Rehabilitation Questionnaire (236): items rated on 5-point scale -2 (strongly disagree) to +2 (strongly agree), O
being undecided; score range -62 to 62; higher scores suggest higher motivation (13)

* = MOT-Q four subscales: IR = Interest in rehabilitation, LA = Lack of anger, LD = Lack of denial; RP = Reliance on professional help (13)

BMQ-S = Brain Injury Rehabilitation Trust Motivation Questionnaire-Self: score range 34 to 136, higher scores suggest more challenges (244) (237)
BMQ-R = Brain Injury Rehabilitation Trust Motivation Questionnaire-Relative: score range 34 to 136, higher scores suggest more challenges (244) (237)

RTES = Rehabilitation Therapy engagement Scale (15): items rated O to 3; score range 0 to 45; lower scores indicate lower engagement (245)




6.5.7 Qualitative results

Feedback from the semi-structured interviews covered a comprehensive array of topics
pertinent to feasibility testing: things that are already going well; issues that need
addressing, and recommendations to improve RehabChat further. Qualitative data from the
interviews was categorized into six main themes and 28 sub-themes as outlined in Table 30
below. The main themes were ‘What went well’, ‘Motivation and engagement’, ‘Barriers and
concerns’, ‘Use in clinical setting’, ‘Usual Care Considerations’, and ‘Recommendations’.
The sub-themes for each of main themes are presented below, with participant quotes

highlighted in italics font.
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[Type here]

Table 31: Themes and sub-themes for interview feedback

interactions

Theme Sub-themes
1. What went Usability | Understandable | Alongside
well usual care
2. Motivation Goal Reinforcement | Planning Supported | Positive Internal
and pursuit ability motivation | personal motivation
engagement experience
3. Barriers and | Potential | Potentially Barriersto | Clinical
concerns risks stressful use needs
4. Usein Amount Technical Three-way
clinical setting | of use issues interactions
5. Usual care Covid-19 | Transition to Focus on
considerations independence goal
pursuit
6. Recomm- Reminder | Integrating into | Support Support Content Flexible Clinician | Client's | Use User Use with Technical
endations to use clinic routines cognitive auditory clarity approach role wording | pattern | interface | decreased | support
framework | processing | regarding to using for changes | clinician
needs user RehabChat goals input




6.5.7.1 Theme 1 —What went well

For the theme of What went well, for three sub-themes were identified which were: Usability,

Understandable, and Alongside usual care.

Usability: Participant feedback indicated that RehabChat was highly usable, being easy to use —
found it pretty straightforward, pretty easy’ (C); 1t was very easy for me’ (CWC) — and not requiring
much effort — ‘I didn’t feel that there was a lot of effort needed’ (C) — which related to being able to
use the clinic iPads —that probably helped that there was a familiarity with the iPads in themselves’
(CWC) —, and the pace of the conversation was appropriate — ‘it’s not slow, but it’s
accommodating’ (CWC). Particular areas that worked well were being able to pause use when
needed — 1 could pause it if | needed to, and being able to turn it off ... | have really good control

over it’ (C) — and that ‘the instructions were very clear in terms of setup’ (CWC).

Understandable: Feedback indicated that RehabChat was very understandable, both in regard to
the audio-visual presentation with the avatar’s diction being clear, and the dialogued text bubbles
being spaced appropriately — ‘l thought the spacing you know of the writing was good. You know
how it was like little clouds all the time and they had spaces’ (CWC). It was felt that the visual
display suited the needs of clients with visual challenges in that each dialogue text bubble was
quite short, the user interface had low contrast, and the avatar was quite still when speaking
versus showing gesturing whilst awaiting a client response — ‘he found that quite clear, he was able
to type in with no problems yeah so | guess that was a good test of someone with visual issues’
(CWC). Additionally, the actual content of the conversations was easy to follow, having an
adequate level of complexity and sufficient cues included to guide the user through the
conversation —* I didn’t have any issues understanding the language’ (C) —, with a client reporting

8/10 score for ease of use.

Alongside usual care: Participants reported that the way in which RehabChat was used
alongside usual care was well organised — 1 think the way it was organised was very well done’
(C). Clinician feedback included that it was easy to support their client’s use of RehabChat, with
minimal need to provide technical support, and the main area of their input for the client was in
clarifying rehabilitation goals and related content — ‘/ didn't really need to support a lot. ... You
know | needed to help him with idea generation in terms of goal setting but otherwise, no, | think
that's all fine’ (CWC). This paralleled with client feedback stating that a goal which was currently
being considered in their appointments could also be easily included in RehabChat — ‘Planning the
[the goal] has been something we were talking about, so it was good to incorporate that and have
something else to work with’ (C). A benefit of using RehabChat of being able to offer more frequent
check-ins with the client was noted — ‘So | think more and more if there are opportunities for people

to have check-ins and making sure that they're on target with their goals I think it's great’ (C). It
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was also found that RehabChat provided the client with regular cues (for staying focused on their
goals) similar to input provided by a therapist — ‘Obviously, | don't think it diminishes the need for
therapists to still check in, but I think it is a good tool that allows people to stay on track or
encourages them to stay on track with their goals’ (CWC).

6.5.7.2 Theme 2 — Motivation and engagement

The theme of Motivation and engagement contained sub-themes of Goal-pursuit, Reinforcement,

Planning ability, Supported motivation, Positive personal experience, and Internal motivation.

Goal pursuit: The ability of RehabChat was able to assist with goal pursuit by helping clients plan
how they completed their practice activities — ‘It would it kept me on schedule, made me get up
early, made me think about my fitness and you know really made me focus on my mental health’
(C); ‘she could see you know the steps, what she had to be ready for’ (CWC) - and helping ensure
regular practice — 1 think it's a good tool for you know, sustainable practice’ (CWC). It was felt that
the SMART structure was appropriate — ‘a simple, clear framework, which incorporates the SMART
framework, and which meets the standardised requirements of what should be done’ (CNC). — and
that details for goal setting were able to be inputted at the start of the conversation — ‘I think
anything else that you know could be added, could have been added from the start’ (C).

Reinforcement: RehabChat’s ability to reinforce and support goal-pursuit was related to being
motivated — ‘having something just to reinforce and motivate me to keep working on things’ (C);
‘It's yeah, just really good to have something reinforcing’ (C). RehabChat’s ability to reinforce
information was related to an appropriate use of the client’'s name during the conversation — ‘Using
the client’'s name could help with increasing the client’s level of focus and attentiveness to what is
then being said. It's good that that the user’s name is placed at start of a section in which the
avatar re-states a summary of what the user has entered’ (CNC). Reinforcement was effective
when it linked to the client’s goal — ‘Even when | couldn't do it, you know, reminded me that | really
did want to do it’ (C); 1 have no one here to remind me of it so | really rely on it, it really reminds

me that | am working towards a bigger goal’ (C).

Planning ability: It was noted that RehabChat supported the client’s planning ability through
prompting the client to review their key symptom — fit's reminding me what | should be looking for
... about different activities but for my activity would be so easy just to go out there and just slog it
out, but it made me more aware’ (C); and that by doing so the client could check if they needed to
have a break from doing their practice activity — ‘have come to the conclusion that | don't have to
go | don't have to make myself sick to make myself do it, | can take a day or two off’ (C).
RehabChat'’s ability to prompt the client to complete their specific activities was also noted to
improve vigilance in the client — 1 think have just using the RehabChat made him more

accountable to the goal that he set’ (CWC). Clinician feedback also identified RehabChat’s ability
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to provide support and structure for executive function that would then help with planning — ‘might
be more of an executive function sort of support for the people | would see in terms of [getting a]
specific plan and having a way of getting alarms or follow up kind of structure so it's a structure to
intended behavior’ (CNC).

Supported motivation: In regard to RehabChat’s ability to support motivation, client feedback
stated it achieved this well — ‘She's been my motivation to good health, Yeah, definitely yeah, | felt
more motivated with things’ (C). Clinicians expanded this to explain that RehabChat helped to
support engagement in rehabilitation by allowing the client to see progress being made which in
turn increased motivation — ‘So | think that was really positive tool and | think once you start to see
some progress, like, even if it's just an initial prompt to get going with that, once you can see that
you [are] actually able to achieve an outcome felt motivating in itself, | suppose’ (CWC). Similarly,
clinician feedback also noted that some clients may prefer a computer-based conversation in
comparison to just with a human therapist — ‘for some people they are more likely to be interested
and engaged in a little computer thingy then they will the conversation that they'll have with the
clinician’ (CNC) — which could increase access to therapeutic input and engagement in
rehabilitation. It was also thought that RehabChat supported both motivation and accountability
together to help decrease reliance on clinician input — ‘I think they're very intertwined, | guess
motivation and accountability, but | think you know it did give him an internal drive, whereas before

| guess | was sort of pushing the issue and encouraging him’ (CWC).

Positive personal experience: Some positive personal experiences arising from participating in
the feasibility pilot trial and using the ECA were a sense of personal connection felt by the client to
the avatar, including a sense of grief when the pilot trial finished — ‘I will miss her because | don't
wake up with her anymore now. ... Well, we usually wake up at the same time, have a morning
chat. I'm sure if | had the coffee machine [we] would have done it together’ (C). Having a sense of
trust and being able to be honest with the avatar was also identified — ‘| would struggle to tell my
family that my therapy is not working for me. They wouldn't believe you know, for a start. But yeah,
you would struggle to take hope away from them; so at least | can take hope away from Jo, and
she doesn't mind’ (C). Clinician feedback similarly noted that personal connection was facilitated

by the avatar using the client’s name regularly during the conversation — ‘Liked that the user’s
name is used regularly in the conversation — to help it more feel more personalised, feel as though
the avatar understands me / what I've said’ (CNC). Additionally, RehabChat was seen as
comprising a supportive conversation experience which was akin to a personal trainer— ‘| guess the
whole thing is that you see that this is actually a buddy’ (CWC); ‘it's sort of like a personal trainer
yes but, you know, not shouting with me, and I'm still controlling it’ (CWC). There was also a sense
of personal accomplishment from having participated in the research itself — ‘I feel good about what

I've experienced and how I've had input, and it gives you self confidence that you can still do
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things, you can have input’ (C); ‘she you know really liked it through the Uni side of it; so, she knew
that it would be ethical and things like that. So, she trusted it’ (CWC).

Internal motivation: A focus on Internal motivation was described by client participants, relating to
self-responsibility for improving in rehabilitation — ‘So you've gotta have it. You've gotta have it in
you’ (C) — particularly in the context of living alone — I’ don't have anyone here to regulate me or
motivate me, or to give me the drive to get better 'cause you know, if you have a family you want to
get better for them’ (C). There was also a focus on being self-motivated within the supportive
rehabilitation context — ‘I've got a great team around me. And at the end of the day, I'm the one

who's responsible, for how much better’ (C).

6.5.7.3 Theme 3 — Barriers and concerns

The sub-themes identified for describing the theme of ‘Barriers and concerns’ were Potential risks,

Potentially stressful, Barriers to use, and Clinical needs.

Potential risks: Participants identified a number of potential risks which they thought could occur
for clients using RehabChat. These included a risk for breach of confidentiality regarding details of
the set rehabilitation goals containing information that could identify the client; for this risk it was
suggested that the clinician’s input would help ensure that the entered content assured
confidentiality for the client — ‘I suppose something could sort of cross into that, but having worked
with the therapist to start out, / don't think it'd be a problem’ (C). Another risk was that a client’s
sense of feeling overwhelmed could increase due to the new experience of using RehabChat and
that this concern meant that a client at risk of experiencing this was not considered for the
feasibility pilot trial — ‘yes, he would have gotten overwhelmed by having, he was already
overwhelmed, and so | was initially thinking having something nice and concrete might just help
anchor him, but | think he also had just, this overwhelmed-ness, yeah, and the stress of you know,
grief and change and work sort of stuff, as well as just attentional stuff (CNC). Similarly, wellbeing
was seen to be at risk for client-users if the client had diminished self-insight, as their ability to
reflect on their symptom/s could be impaired, which could effectively allow them to over-exert
themselves when completing their practice activities or otherwise place themselves at risk of
negative clinical issues. Additionally, this risk could be exacerbated if the client had a strong drive
to achieve their goal — ‘I guess that's the only caveat | guess is that sometimes that self-awareness
can be very poor. [...] early on, I think until you build some insight’ (CWC); ‘'cause | think clients
can get caught up in things and forget to rest and then overdo it and then it's counterproductive’
(CWC). A contributor to this risk was the actual design of RehabChat to motivate the client towards
regular practice to achieve their goal — ‘I just know that some personality types and ... if clients are

not self-aware early on [as] in they have a fairly ‘A’ type personality where you know they need to
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achieve that goal at all costs, whether or not you know, because the chat is telling them to, | just

wonder if they would push through and maybe could risk themselves’ (CWC).

Potentially stressful: RehabChat was seen to be potentially stress-inducing, not so much due to
the software’s user interface, but due to if an unrealistic goal was entered into it for which the client
felt unable to achieve but also pressured to try to do. Another factor causing mild stress were the
technical difficulties encountered which participants said were manageable — ‘was very mildly
frustrating but I'm used to technical issues, and things like that’ (C); ‘We had some, | wouldn't call it
stress]ful], we were laughing most of the time when we had the technology not actually working,
but we stuck to it. So you know she ... didn't throw up her hands and say enough’s enough. She
went through with that; and | wouldn't call it actually stress — you know we always had a smile on
our face’ (CWC).

Barriers to use: Multiple barriers were identified which could impede use of RehabChat. These
included having a research structure that imposed numerous requirements —* | think if it wasn't
done within a research format where you have to go - we're gonna do this form, and now you have
to understand what this is and then we're gonna...” (CNC). Other barriers were also identified
concerning the client’s experience: of the client already having other technology tools to manage at
home — ‘but when you’ve got lots of other things on your table, ... and extra thing might be ...
challenging’ (CWC) —; or having financial limitations — ‘she's on fixed income. You just don't leave
things on’ (CWC); with either of these barriers resulting in not keeping RehabChat turned on.
Finally, if the client was experiencing unexpected life challenges, these could also potentially
interrupt ECA use: ‘there were a lot of external factors that occurred in those two weeks around
family, accommodation, all sorts of things that | thought would distract or deter him, probably from

working on what we'd agreed to work on’ (CWC).

Clinical needs: A range of clinical needs which affected the use of RehabChat and/or participation
in rehabilitation were identified in the interviews. These needs included decreased memory —
“cause that's the biggest thing with my mind is that | can't remember’ (C) —, and forgetting
rehabilitation goals — ‘people forget, | guess, what goals they have set sometimes’ (CWC); they're
likely to have prospective memory difficulties, attentional stuff, they’ll forget what they want to do’
(CNC) —; low mood - ‘you do get down’ (C) —; fatigue; and ‘auditory processing issues... If

someone is needing more time to process auditory information’ (CWC).
6.5.7.4 Theme 4 — Use in clinical setting

The theme of ‘Use in clinical setting’ categorises feedback referring to the experience and practical
details of using RehabChat alongside usual rehabilitation care. The sub-themes for this were

Amount of use, Technical issues, and Three-way interactions.
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Amount of use: Participants reported that RehabChat was used either every second day, or the
user ‘missed two out of the five days’ (CWC). Use could be influenced by a client not feeling like
using RehabChat at times, within a context of otherwise being very happy to use it — ‘that one day |
was like, no | don’t want to talk you ... so I'll talk to you later’ (C). Related to this feedback was the

observation that — ‘seven days is too long .. to stick at a physical program’ (CWC) daily.

Technical issues: Participants described the impact of technical issues whilst using RehabChat
alongside usual care, including the need to find simple solutions to resolve the issues, or to re-
schedule follow-up review appointments as required — had to look at ... my timetable and [be]
flexible ... to manage it’ (CWC).

Three-way interactions: Feedback also articulated the importance of the three-way interaction
between the client-clinician dyad and RehabChat for clarifying goals and following up details for
weekly reviews — ‘it was sitting and thinking about how can | make it better and then [name of
therapist] discussing my symptoms with me and then refining what | was doing’ (C) —; with
emphasis on the clinician playing a supportive role — ‘/ was the second one in it. ... | was waiting
for her to do the goals and things like that and just, you know, supported her to do that goal and
maybe edit it, little bit” (CWC). Further to this, the clinician was seen as integral to introducing
RehabChat to the client with a focus on its helping qualities — ‘1 would probably introduce her as
she's a lovely girl but she doesn't have a lot of you know vitality about her. Don't worry about that,
she really, you know wants to give you cuing’ (CNC) — with this quality seen as an important
adjunct to usual care — ‘I think sometimes having another thing that just adds to a focus point to
help people have that conversation’ (CNC); it may provide a structure of just keeping everybody
on track a little bit’ (CNC).

6.5.7.5 Theme 5 — Usual care considerations

The theme of ‘Usual care considerations’ incorporates factors of usual rehabilitation care which
could impact upon the use of RehabChat. The subthemes for it were Covid-19, Transition to

independence, and Focus on goal pursuit.

Covid-19: Clinician feedback indicated that with Covid-19 restrictions and the increase in tele-
rehabilitation, clinicians were ‘not able [to do] ... as much face to face work with clients ... still
accessing the clients through telehealth’ (CWC), and this had resulted in less reiteration for the
client about the focus of their rehabilitation — ‘perhaps not having as many people around to help
facilitate that’ (CWC).

Transition to independence: Clinicians described that during rehabilitation, clients are supported
in the transition from the rehabilitation environment to independence. This is achieved through
planned therapy breaks during which a client has opportunity to self-direct their care, and following

it their ability to do so is reviewed with the clinical team — ‘we do offer people sometimes a rehab
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break which means maybe two weeks, maybe in the middle of their program, that we might set
them up to see how they go at being independent in and carrying things over just to test it’ (CWC).
The therapy break is a time to help the client to become their own ‘self coach ... what we wanna do
is gradually reduce the amount of cuing or prompting that we’re having to do, to encourage them to
take that on themselves’ (CWC).

Focus on goal pursuit: It was noted that goal-pursuit in and of itself requires effort and focus by
clients — ‘any you know targeting any goal takes energy’ (CWC). Clinician feedback described
approaches for improving client focus on goal pursuit included using the client’'s name during
clinical interactions, and helping the client to learn and adopt a self-evaluation framework to enable
them to think clearly about their rehabilitation and progress including planning for the next step of

their recovery — ‘how did | go, what would | do differently next time?’ (CNC).
6.5.7.6 Theme 6 — Recommendations

Multiple recommendations for improving RehabChat and its intended mode of use were collated
under the theme of ‘Recommendations’. Twelve sub-themes identified for this were: Reminder to
use, Integrating into clinic routines, Support cognitive framework, Support auditory processing
needs, Content clarity regarding user interactions, Use pattern, Flexible approach to using
RehabChat, Clinician role, Client’s wording for goals, User interface changes, Use with decreased

clinician input, and Technical support.

Reminder to use: Both client and clinician feedback included comment on the need for a reminder
system to prompt the client when to use RehabChat. Client feedback indicated this was needed
due to forgetting to use RehabChat — ‘I did wonder whether or not they shouldn't have some sort of
remind ability to turn on and use 'cause | did, | reckon | chooffed off three times without turning it
on’ (C). However, there was also reticence for an alarm-type reminder system because that could
be stress-inducing, and/or also reduce the client’s sense of independence in choosing whether or
not to use RehabChat - ‘if you had a reminder that would then take independence away from you
because she'd be relying on to even to remind you to do it and that's probably not a good idea.
You've got to have some independence still, still got to be a choice, hasn't it?’ (C). A potential
solution to this dichotomy, as suggested by a clinician, was to use whatever is the client’s current
preferred reminder system — people will be having their own external memory and organizational

aids’ (CNC) — such as an online calendar system.

Integrating into clinic work processes: Clinician feedback highlighted it would be useful to
regularly integrate RehabChat into usual work processes including staff ‘orientation, written
manuals [and] case / conference discussion’ (CNC) to help ensure that RehabChat ‘remains
present in the minds of the treating team’ (CNC). Similarly, it was recommended that team

discussion could facilitate developing and maintaining ‘a shared understanding of an agreed
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common approach to using RehabChat’ (CNC) in clinical care. Additionally, clinician participants
recommended that an additional style of goal setting should be added into RehabChat. This style
should be based upon planning ‘more subjective type goals’ (CWC) which could relate to cognitive
training for aspirations including for communication skills, such as relating ‘more to people; or did it
give me confidence to talk to people, or something like that’ (CWC), rather than being a SMART-
styled goal.

Support cognitive framework: Dyad clinicians spoke about the benefit of RehabChat providing a
supportive cognitive framework for clients to help address challenges of ‘executive dysfunction. ...
[which] can also be described by the client and / or interpreted by the clinical team as ‘low
motivation’ (CNC). This supportive framework could appropriate ‘metacognitive strategies into a
functional context’ (CNC). Results of the client being cognitively supported in this way would
include the client being able ‘to monitor for their own fatigue or overload or anything like that,
because ... [there] could be a tendency for people to [otherwise] push through’ (CWC);
‘RehabChat is a really good tool for just prompting those thoughts and to get, keep someone on
track with that evaluation cycle’ (CWC).

Support auditory processing needs: Clinician participants identified potential solutions for how
RehabChat could possibly support a client with auditory process needs. These solutions included
the clinician working alongside the client and RehabChat to ‘assist the client directly over multiple
sessions’ (CNC), the content of RehabChat to ‘provide examples ... reword sentences sometimes,
... [or provide] repetition’ (CWC), and the design of RehabChat to have text bubble of what avatar

is saying ... in-sync as she says it’ (CNC) rather than appearing after as occurs currently.

Content clarity regarding user interactions: Suggestions were made regarding additional
content to be developed regarding the skills and knowledge needed by the user when interacting
with RehabChat. The recommended extra information to be included: in case of a technical issue,
to try turning RehabChat off then on again to resolve it — ‘just turn it off and on again, and see if
that works. So just a reminder to do something like that’ (C) — ; provide examples regarding how to
write a free-text response, so as to improve smoothness in later dialogues which incorporate this
entered text — things could have a bit more explanation in terms of the wording that needs to be
used’ (C) —; and clarifying transition points of the conversation. For example, the transition of
completing input for the two practice activities, and then being ready to commence performing the
activities needed some ‘definition, | guess, of where our discussion ended. The part where he was
to go home and start it, and he, confused about where he, was he in the right place’ (CWC). As
well, it was recommended, that brief explanation be given in the conversation about the single-
choice click options that these should be clicked when the user has understood what the avatar
has said, and that when the option was clicked, it causes the conversation to progress to the next

step; and that through this, the user could control the pace of the conversation. A suggested cuing
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idea for this was — ‘can you click the box below if you understand and you're ready for me to keep
going? Because then it's about helping people understand that they can control her pace’ (CNC).
Finally, it was suggested that the structure of the dialogues and the style of the conversation
should be somewhat predictable so as to support clients becoming independent in using
RehabChat — ‘I'm assuming that maybe down the track they could, you know, develop an ability to
learn to use it themselves if there's predictability, | guess in some of the questions ... being asked

or, you know, the information provided, but | think maybe initially that [is] supported’ (CWC).

Use pattern: Feedback related to optimising client use of RehabChat, focused on RehabChat
offering the practice activities to be completed on five out of seven days each week, as the current
model of — ‘seven days is an unnatural timeframe anyway’ (CWC) — and if a client was under-using
RehabChat, then a trusted clinician should follow this up to find out why, for example because ft's

not actually working ... [or] they're not really enjoying it’ (CWC).

Flexible approach to using RehabChat: Clinician feedback included ideas for improving flexibility
in the ways in which RehabChat could be used in the clinical setting. These included being able to
use RehabChat for as long or short as relevant — ‘We try stuff in rehab and if it looks bad it quickly
gets side swiped’ (CWC) —; and to initiate use of RehabChat in a more immediate response to the
apparent need for it being emerging in a client’s care — “You know, where these things that just
emerge in a conversation, you want to be able to move with that traction’ (CWC). For example, a
clinician may make the decision to initiate using RehabChat during a particular appointment, and
then commence using it a bit later in the same appointment — if | had it as a tool just next to me
like | said, do you want try this?, it could work it might not’ (CNC). As well, it was recommended
that RehabChat be a tool which, when a clinician went on leave, that it could be handed over like
any other clinical intervention — ‘to another clinician to oversee the use of it whilst the primary

clinician was on leave’ (CWC).

Clinician role: It was felt that the weekly review appointments with the clinician and client using
RehabChat should be conducted in-person if possible ‘to make sure you know that they're using
the iPad correctly’ (CWC), but in fact could (and were in this project) conducted via tele-
conferencing if required. It was also recommended that it would be the clinician’s responsibility to
monitor for the client’s acceptance with and comfort whilst using RehabChat — ‘because a tool that
can be well set up to start with, ... can over time become less easy to use, because of changes in

one’s life situation, or a crisis occurs’ (CWC).

Client’s wording for goals: Feedback indicated that the client’s own words should be used for
wording for the goals — ‘I think especially if people’s goals can be the words that they've got you
don't try to didn't make them change that too much’ (CNC);’ 'cause if it ends up being like watered

down, they'll lose their sense of that fits my personal values and then they'll lose their motivation
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for it, I'm making a goal for the sake of it’ (CNC). As well, there was a recommendation for the
client to be able to enter in their goal using a greater number of words to allow them to express the
meaningfulness of it for them; but then for the purposes of the ECA using this goal as a variable
later in the conversation dialogues, the client would also be required to enter in a shortened
version of their goal and for this the ECA to ask something like — ‘Later on, when we're recapping

how you're going, is there a short way | can talk about it?’ (CNC).
User interface changes:

It was recommended that the RehabChat user interface needed to have ‘more space to write more
text in the free-text fields, because as at times there was not enough space’ (CWC).
Recommendations for improving scrolling included for the avatar to read again the dialogue at the
point to where the user had scrolled; and to visually highlight key points of the conversation content
so that, when scrolling, these would be easier to find, because currently ‘the text bubble content is

all in same font, and so the key points do not visually stand out’ (CWC).

Use with decreased clinician input: RehabChat was recommended for use during times of
decreased clinician input, such as when the client is transitioning to independence ‘from a formal
rehab program into the person developing their own skills’ (CWC); particularly as it helps to reduce
the required input from clinicians — ‘It's a good interim step, | guess, between a real person and ...
the avatar prompting you, which | guess is a good step down from us and reliance on us, so | see it
as a good transitional tool’ (CWC). Client feedback also included that they could ‘definitely see’ (C)
RehabChat being a tool that could be used on discharge.

Technical support: As well, it was recommended that a research staff person be available by
phone to help during a client-clinician-RehabChat appointment if/as needed— ‘just phone support
would be enough | think” (CWC). As well, it was recommended that iPads with RehabChat loaded
onto them, should be more freely available for clinicians to use at any time: to have — ‘a few around
the place that are easily grabbabl’e (CNC) — so as to expediate being able to respond at any time

to a client’s need — ‘because a conversation, you might not have it on your agenda at all’ (CNC).
6.5.8 Formal description of RehabChat

A formal description of RehabChat reported according to recommendations from the Scoping
Review (see Section 2.7.1 and Appendix Il) is provided below. It describes the final design of
RehabChat developed following user testing and the resolution of technical issues encountered in
the feasibility pilot trial, as well as summary details of the type of testing conducted for it. The fourth
section of the reporting criteria concerned with Natural Language Processing (NLP) is not used

because RehabChat does not employ NLP. Another Living Laboratory project for the design of
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stroke rehabilitation facilities (182, 183) similarly used a systematic review (243) to help inform the

approach for their project.

The RehabChat ECA is simple — it used constrained language, input via text and click buttons, a
directed conversation with iterative review and repeated content for practicing exercise.
Nonetheless feedback from project participants has confirmed initially that it meets clinical needs

both for the clients, and also for the clinical setting.
6.5.8.1 Evidence source details
Country: Australia

Context: Two state-wide two ambulatory care brain injury rehabilitation services, and clients’

homes

Participants: Clinicians from two ambulatory care brain injury rehabilitation services providing care
for adults with TBI

Recruitment process: Clinicians were invited to participate through project promotion activities;
clinicians screened potential clients for eligibility; eligible clients were invited to consider
participating in project. De-identified CONSORT data collected for screening and recruitment
process. Researcher contacted regarding interested participants. Formal information and consent
form provided to interested participants (see Appendices XV and XVI), and formal consent process
completed for recruitment. Full ethics approval obtained from health service ethics committee.
Research methodology: Prototype description and development. Co-design of ECA using Living

Laboratory approach.

Type of research activity reported: In-house prototype development, alpha and beta testing, co-

design workshops, mixed methods feasibility pilot study
6.5.8.2 Research design and health rationale

Type of intervention — Rehabilitation purpose for ECA: Support client -centred goal-setting and

pursuit, using a motivational approach

Type of intervention — Mode of use: Two ECA modules developed: training module; and
rehabilitation module. Initial user training using a training module (content based on travel and
transport) to learn the required skills for using RehabChat — user must achieve being an
independent user prior to using ECA in clinical setting. Rehabilitation module used alongside usual

care, with clinician oversight.
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Content of conversation: Client-centred goal-setting (using the SMART approach) and pursuit,
prescribed practice activities, weekly progress reviews. Conversation nuanced with elements from

Motivational Interviewing (MI) and Self-Determination Theory (SDT).

Content development: Base on recognised approach of client-centred goal setting (using SMART
approach). Conversation content iteratively refined in consultation with client and clinician

participants

Outcomes measured: In alpha and beta testing: - researcher-developed guestionnaires. In co-
design workshops: semi-structured group interviews. In feasibility pilot trial: Likert scale outcomes
— Pre-Post measures - MOT-Q, BMQ-S, BMQ-R, RTES; Repeated measures — HADS and four
researcher-developed screening questions; Post measures — SUS, and semi-structured 1:1

interviews

Results: Of pilot trial: very good usability; easy to understand; able to be integrated alongside
usual care; multiple recommendations for further refinement of RehabChat to improve its breath of

application

Safety: No adverse events overall. Safety feedback identified in feasibility pilot trial: potential risks
-confidentiality breach; client feeling overwhelmed; client over-working in their rehabilitation;
potentially stressful - increased client stress if the rehab goal set was too difficult to achieve; mild

frustration when (resolvable) technical issues occurred

Use barriers: Identified in feasibility pilot trial: barriers to use - the research structure imposed
numerous requirements, client already having other technology tools to manage, client has
financial limitations, client experiences unexpected life stressors; clinical needs - decreased

memory and may forget to use ECA, fatigue, feeling overwhelmed

Use facilitators: Identified in feasibility pilot trial: ECA has very good usability; ECA is easy to
understand; mode of use alongside usual care is well-organised, requires minimal technical
support by supervising clinician, integrates well into usual care because it can incorporate a goal
already being considered in rehabilitation care, and it provides cues for client which are similar in

style to clinician’s cues
6.5.8.3 Technology description
Task-orientated: Yes
Hardware: iPad used by clients; iPad or PC used by clinicians
Software: Clevertar Virtual Human software platform; Google Chrome web browser
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Dialogue management: Finite

Dialogue initiative: Mixed: system asks for required information; - user input determines the
direction of the conversation e.g., which section is used (enter details for practice activities,
progress review etc.)

Input modality: Text; click button responses
Output modality: Speech, text, visuals: embodied humanoid character, text bubbles

Appearance: User interface (Ul) has two sections divided longitudinally: LHS (one-third of Ul)
displays the animated avatar: female, long dark hair; speaks with Australian accent; RHS (two-
thirds of Ul) displays text boxes of conversation dialogues; in lower fifth of section, has section for

freeform text entry. Upper right corner has minimise button. Lower left corner has mute button.
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6.6 Discussion

This mixed methods feasibility pilot trial successfully implemented a two-week trial of a novel ECA
alongside ambulatory care brain injury rehabilitation in a real-life clinical setting. This is the first
time that an ECA has been trialled in this context. Client goals and practice activities could be
adequately inputted to RehabChat, enabling the client to complete their required practice activities
between appointment-based reviews with their supervising clinician. The ECA performed well on
the iPad, with participants reporting RehabChat had very good usability as evidenced by the SUS
scores. Feedback also indicated that the model for using RehabChat alongside usual care and with
clinical supervision worked well. Despite the short two-week duration of the trial — noting that
RehabChat is intended to eventually be used for six weeks in order to achieve clinical benefit — the
results of this feasibility study provide a solid basis for pursuing future research for refining the
design of RehabChat and its intended mode of use.

Recruitment although small (n=6, comprising 3 sub-cohorts: 2 clients, 2 dyad clinicians, and 2
clinicians with no client) showed good representation of varied clinicians’ professions (SP, OT and
ET), and an equal proportion of participants who had participated in the earlier co-design
workshops (n=1 for each sub-cohort). This diversity importantly added to the heterogeneity of

perspectives.

Assessment completion rates were excellent, with all quantitative assessments and qualitative
interviews completed. Breadth of perspective was gained through interviewing both the primary
end-users (clients) and secondary end-users (clinicians). This enabled collection of considerable
gualitative content which gave some indication of RehabChat’s usability, and has informed ideation

for the next stages of development for RehabChat.

The choice to use the short conversation style by all participants could be due to factors identified
in a comparable study investigating a web-based Ml intervention for supporting physical activity
(246). In that study participants showed decreased engagement in clicking through the whole of a
web-based MI session; the authors discussed that this could have been because the Ml-style was
seen as too lengthy (246). Similarly, participants in this project may not have wanted to use the

longer conversation due to concern that it could cause fatigue.

The number of recruited participants was lower than was planned, despite recruitment being
conducted over a six-month period. Challenges with recruitment were possibly due to a few
reasons. These included firstly that anticipated involvement from another clinic (for mild TBI
clients), which participated in the earlier co-design workshops, was unable to occur due to service
restructuring. As well, the participating clinic settings underwent a major service accreditation
review during the pilot trial which impacted on clinician’s’ time and availability. In regard to the low

number of clients recruited, and the relatively high proportion of screened clients that were
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identified as ineligible, it was notable that some clients were excluded due to reasons apart from
the formal inclusion-exclusion criteria, such as due to having other stressors occurring for them.
This is an important consideration for brain injury rehabilitation research. Previous research has
reported challenges with recruiting clients with brain injury: including for with TBI (247) including
mild TBI (248), and also for stroke (249). Notably, sample sizes for studies conducting initial testing
of a conversational robot for dementia had only three participants (250), and CAs used for brain
injury, disease or stroke had sample sizes ranging from 1 — 33 participants (see Section 2.5.2). In
contrast, a sufficient number of clinician participants were recruited (n=4) as per the advice of the
Nielsen-Norman group for the recommended sample size of a sub-cohort being 3-4 (see Section
6.4.4.2).

This study demonstrated the benefit of testing in the real life setting of obtaining candid insights on
safety, tolerance, exclusion criteria, clinician role, and stress factors. But it is because of these
negative impact factors, that having a small sample size was so important — i.e. a larger sample
size may have increased the likelihood of even a mild adverse event. Two areas of feedback
regarding Barriers to using RehabChat and Recommendations for further development of
RehabChat were somewhat complementary, with the latter providing solutions to some of the
former. It is anticipated that unaddressed barriers could however be addressed with further end-

user consultation in future research.

Addressing technical issues in the early part of the trial and making subsequent changes to
RehabChat (being unable to directly change a previously entered response, having a single design
for the avatar, and not leaving the Training module in place on the iPad), did not result in negative
feedback from participants about these changes. Future research for RehabChat will require
thorough and repeated rounds of alpha testing following each stage of development and close
collaboration with the software company to resolve issues promptly. It has been previously
reported that technological issues and difficulty integrating the technology into the clinical setting
were barriers to use identified by client and staff participants for a feasibility and acceptability RCT
for use of a web portal to support exercise care (229). Accordingly, future research for RehabChat
should continue to provide prompt follow-up for any technological issues experienced. As well, the
research design should build in strategies to manage participant involvement in the project if a
technical issue arises during the trial, such as having access to back-up iPads, the software being
able to behave for a particular client across devices (for the current project this was not possible);

and providing pre-emptive education about these strategies.
6.6.1 Discussion of qualitative findings

The qualitative feedback from the three cohorts from the feasibility pilot trial represented the varied

and nuanced clinical needs of clients at the brain injury rehabilitation service, and also indicated
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how to integrate these needs into the design of RehabChat and its intended mode of use.
Regarding the latter, feedback considered how clinician oversight should be provided, and the
need for clinical team discussions for determining agreed approaches for using RehabChat in the
clinic. These points of feedback provide the basis for a potentially successful translational

approach in future development.

Participant feedback specifically about the ECA provided some clear indications that RehabChat’s
Ul was easy to use, its actual conversation content was pitched at the right level of complexity and
duration, and that it matched usual care well. These findings concur with the results of the co-
design workshops (see Chapter 5) and user testing (see Section 6.5.2). These findings also align
with design recommendations for behaviour change CAs , that it should prioritise appraising user
experience in regard to usability and also users’ preferences of content and conversational style
(111).

Interestingly, all participants chose the shorter conversation and were satisfied with this option.
One feedback point recommended that the conversation should include prompting the client to
nominate a support person. This topic is in fact included in the longer conversation and can be
easily transferred to the shorter one. Given that all participants chose the shorter conversation, it is
likely that future research will only employ a modified, improved version of the shorter

conversation.

Some feedback reported concerns about future use of RehabChat in regard to client wellbeing (risk
of overwhelm in clients with increased stress) and confidentiality (potential for the content entered
into RehabChat to inadvertently reveal confidential data). These valid concerns require further
consideration and discussion with future research participants. However, for the current project,
these concerns were managed through having attentive clinician oversight by the supervising
therapist. Future use of RehabChat in a larger trial will require that clinical oversight is provided in
a consistent manner by all clinicians, irrespective of their experience or area of specialty. A
potential solution for enabling this was included in feedback for Recommendations — and suggests
that the broader clinical team would need to discuss RehabChat use and purposes in team
meeting settings. This indicates the importance of considering the broader clinical service context

for implementing RehabChat.

The overall feedback demonstrates the evolving ethos of RehabChat being a purpose-designed
ECA for brain injury rehabilitation and having a specific intended mode of use developed for it. The
stepwise approach taken though alpha and beta testing and then the co-design workshops and
second alpha testing were indeed successful in developing a relevant prototype ECA embedded

within an acceptable and clinically appropriate mode of use. Feedback from the pilot trial indicated

210



that the mode of use developed was appropriate as is, but that from hereon it could be developed

further to optimise integration and sustained usage in the clinical setting of RehabChat.

Feedback also included recommending that a more a flexible approach be applied for how often
RehabChat was used each week. It was suggested that it could be for just five days per week.
Additionally, feedback also included the suggestion that a clinician could instigate using
RehabChat at any time during a client’s care. Participants also highlighted that there could be a
need for the clinician to provide extra face-to-face support for a client using RehabChat, in order to
support specific client needs. This extra clinician-provided support could include helping the client
develop improved self-evaluation skills if they had decreased self-perception of their own needs;
coaching the client in the style and usage of RehabChat particularly if the client had auditory
processing difficulties or relied more heavily on lip-reading; and providing any required support for
clients with limited experience in using technology devices. Additionally, the clinician should
regularly check with the client if they had difficulties using RehabChat, as their comfort and
confidence in using it could decrease if other life stressors increased. As well, at any juncture in
which the client was experiencing stress from using RehabChat, the clinician needed to have
flexibility to immediately cease use of it with their client. This approach would reflect usual care in
which therapy interventions are introduced at times which match the current and emerging needs
of the client.

Importance was placed upon using the client’s own wording for the goals and if needed, to allow a
client to enter in a long-worded answer, which could then be truncated by the client. Related to this
was the suggestion that the user interface should allow for longer text entry, to accommodate
clients who benefit from clearly explaining their goals prior to developing a shorter version. Two
recommendations were made regarding the scrolling function: firstly, for the avatar to read aloud
any prior dialogue that the user indicated they needed to hear again; and secondly that key data in
the conversation such as goals or practice activities be visually highlighted to enable easier

spotting when scrolling through. The current software did not allow for these functionalities.

Feedback included suggestions for additional ways that RehabChat could be used. These included
providing support for clients who were receiving reduced contact with their clinician such as during
a therapy break. RehabChat was seen to be a potentially useful tool for promoting weaning from
clinician-directed care and for promoting self-management as a basis for ongoing self-directed
recovery following discharge. This idea was complementary to another suggestion of RehabChat
facilitating choice of a support person who would facilitate self-evaluation styled thinking, and thus
extending the client’s support apart for clinician input. Feedback also indicated that RehabChat
could be used for other cohorts due to its transferable relevance of supporting goal-setting and
pursuit. Similarly, it was thought that including additional content in RehabChat which enabled

setting of cognitive goals and/or practice of a self-evaluation framework would be beneficial to

211



helping a wider range of client needs. Finally, the broader context of the clinic team environment
was also considered. In regard to the need for a common understanding of how to optimally
integrate RehabChat into care, it was identified that this be discussed amongst and adopted by the

team’s clinicians.
6.6.2 Consideration of the single case design research model

Using the SCD research model suited this feasibility pilot trial due to the challenges in recruitment
for this cohort, and as such it is anticipated to be used in any subsequent trial of RehabChat. It has
been reported that SCD can be used for effectiveness trials with sample sizes of three or less
(251). For the current feasibility pilot trial, the SCD research model using the withdrawal/reversal
design of A-B-A (219) was used. Moving from one phase to the next in a SCD can be based on the
steady state strategy so as to minimise ‘noise’ and be able to better determine change in the
outcome of interest (252). However, it has been previously noted that steady state can be difficult
to achieve in rehabilitation population and therefore it has been recommended that use of the SCD
in rehabilitation studies does not needs to achieve a stable state in the baseline ‘A’ phase due to
this inherent variability (251). For the purposes of the current feasibility pilot trial, the A-B-A
repeated measures testing was implemented as a way to monitor client wellbeing, to test the
feasibility of conducting repeated measures, and to minimise the burden for client participants.
These aspirations were achieved, as indicated by participant feedback stating that the manner in
which the project was conducted was suitable, that sufficient support was provided, and that using
RehabChat did not increase stress. This provides a basis for future research development of
RehabChat to include longer duration A phases, for thoroughly appraising variability in the
recruited participants, both between each participant, and possibly also within the results for each

participant in respect that a steady state may not be reached in the initial A phase of testing.

The SCD model incorporates the ability to assess for mean and standard deviation (SD) of
repeated measures data across the ‘A’ and ‘B’ phases if the repeated measures utilise continuous
outcome data (223). This has been done in research with small sample sizes of n=10 for
appraising the feasibility of using visual feedback in stroke rehabilitation (174), and of n=12 for
appraising the effectiveness of novel strengthening exercises in TBI rehabilitation (253), and for
n=5 childhood TBI research (254). In the current project, ordinal data repeated measures were
used and so could not be assessed for mean and SD. These ordinal measures were chosen
because they focused on screening for negative effects on wellbeing — such as anxiety and
depression — that may have occurred for the clients during the trial. Additionally, the measures
were able to map variably at baseline, and were non-burdensome for the client to complete. These
factors relating to meeting client needs were prioritised for safety and wellbeing reasons, and also
because in this feasibility study the intervention duration was not deemed long enough to produce

a meaningful clinical effect. As such, there was not a need to prioritise assessing the mean and SD

212



of results. Future research for RehabChat should however seek to utilise continuous data repeated
measures which similarly meet important clinical needs, and which would enable summary

statistical analysis of significance between the A-B-A phases.
6.6.3 Addressing the project’s aims

The five research aims for this project were all addressed. Below is a summary of how each aim

was addressed.
Aim 1: Assess functionality and performance, and make necessary changes to ECA

This was achieved well by conducting user testing with three clinician participants, from which with
a number of very salient feedback points were received. Indeed this phase of testing resulted in
small but important changes to the whole of RehabChat’s presentation — in particular, shortening
the dialogue length and placing some content as placeholder text content directly above the text
box where the client would type their response. This decreased the amount of listening and eye-
tracking required by the client, and focused their attention more specifically upon what they would

write in the text box.
Aim 2: Assess usability and acceptability

The qualitative interview results were used to appraise the usability and acceptability in the clinic
setting. All participants indicated their acceptance of RehabChat for clinical use, and also that it
was easy to use RehabChat including, for clinicians, providing supervision of a client using it. This
feedback was particularly evident in the considerable number of factors identified by participants as
functioning well, and also in the way in which suggested recommendations matched to some of the
identified barriers and concerns. Additionally, the SUS scores quantitatively indicated RehabChat’s
usability. Three of the scores indicated above average usability, and one client’s score indicated
slightly below average usability. This latter score may have been influenced by this client
experiencing multiple technical setbacks with RehabChat prior to subsequently experiencing a
smooth-running two-week period using RehabChat. In summary, RehabChat in its current state

was appraised as being usable and acceptable for use in the clinic setting.

Aim 3: Appraise client motivation and wellbeing and monitor for any negative impact from
using RehabChat

It should be noted that quantitative measures were conducted to test their feasibility and
acceptability, and they were not expected to reveal significant results due to the short nature of the

intervention (see Section 6.4.1.1).
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Client motivation was measured using mixed methods: quantitatively with pre-post measures; and
qualitatively through the 1:1 interviews. Client qualitative feedback indicated that RehabChat
supported motivation, and that well-being was improved somewhat with using RehabChat due to
RehabChat reinforced a structure for completing prescribed tasks designed for achieving their
goals. Additional aspects related to well-being included that RehabChat offered a sense of
personal connection and company, allowed the client to provide candid answers, and enabled the

client to make well-thought through decisions (along with consultation with their clinician).

Client motivation, wellbeing and depression and anxiety were quantitively assessed. Scores for
these showed quite consistent results (no significance testing conducted) for pre-post measures,
and for the repeated measures, both for the client with scores indicating higher overall negative
affect, and for the other client with minimal negative effect. Due to the short duration of this study,
these quantitative results do not definitely prove that RehabChat does not have either a positive or
negative impact on the client. However, because they showed reasonably consistent results, and
the qualitative feedback indicated that the use of RehabChat was positive for all participants, it can
be suggested that there are no negative sequelae precluding further development and trial of
RehabChat in the clinical setting. No adverse events occurred during the study, and so similarly it
appears safe to pursue further research for RehabChat.

Participants described that motivation was well supported by RehabChat. Clients reported that

using RehabChat helped them to remain more focussed on their goals and practice activities, and
to have improved wellbeing. Clinicians gave perspectives about RehabChat being able to support
goal pursuit for the client by providing a cognitive framework, thus allowing for improved focus on

and achievement of goals; and that this in turn could help the client to feel more motivated.

The patrticipants indicated that they coped with the disruption of mildly frustrating technical
difficulties and were not stressed by them. However, this feedback was in the context of a short
pilot trial of two weeks, and both clients had prior technical knowledge either generally, or of
RehabChat. For a new client participant with no technical knowledge nor prior experience of using
RehabChat, and/or in a future longer trial, technical issues could be a cause of stress and would

need to be adequately monitored for and managed.

An identified barrier to use was if the client experienced any unexpected life stressors which may
cause them to de-prioritise RehabChat due to having more pressing issues. A way to mitigate this
risk for disengagement was indirectly recommended in participant feedback: that staff should
regularly check in with the client using RehabChat to ensure that the way it was set-up remained

suitable for them.

Aim 4: Feasibility of using RehabChat in clinic setting
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The feasibility of using RehabChat in the clinic context was able to be determined by appraising
both the qualitative feedback and quantitative results. Numerous points of qualitative feedback
indicated that RehabChat was, and would be, feasible to use in the clinic setting. These included
that the software was easy to use and was easily integrated alongside usual care. Using
RehabChat on the familiar clinic iPads was found to facilitate usability of RehabChat. It also
ensured that the usual back-up technical support was available for the users. Other points of
feasibility were in regard to matching usual rehabilitation care well, for example in regard to
seamlessly conveying current rehabilitation goals into the RehabChat conversation. The
recommendation to diversify the style of goal-setting available on RehabChat to include options for
faster turnover of step-wise goals for cognitive and psycho-social purposes, such as social skills,
would be possible and appropriate to integrate within the conversation capabilities of RehabChat.
This additional goal-setting structure should focus on the client achieving distinct steps or tasks,
rather than a weekly program of repeated practice activities. Nonetheless, clinicians indicated that
cognitive goal-setting was still possible during the two-week intervention with the available
SMART-styled goal-setting and goal-pursuit format

Feedback also indicted that RehabChat’s feasibility could extend to supporting situations where
there is decreased in-person clinician contact with the client, including during therapy breaks,
during times of increased Covid-related restrictions, or even to support the discharge process..
This indicates a potential need for a tool such as RehabChat for supporting rehabilitation care and
supporting the client’s transition to independence with self-evaluation skills. Importantly too, no
safety issues were experienced, albeit a few suggestions for how to prevent safety issues were
expressed (see Section 6.6). Finally, regarding the recommendations for improving RehabChat,
these all appear to all be feasible to achieve, albeit requiring further consultation with clients and

clinicians and the software company Clevertar.

The quantitative results concurred with the qualitative findings, in that high SUS scores, and
minimal variability in repeated measures data indicated very good usability and no indication of
increased stress from using RehabChat, respectively. As well, the results for the pre-post
measures were overall equivocal. Again, this indicates that participant wellbeing did not deteriorate
during the intervention. Additionally, it was not expected that these scores would improve, as the
two-week intervention was much shorter than the intended six-week duration of use intended for
RehabChat in a full trial.

In regard to practical aspects of feasibility, RehabChat was able to be integrated into some of the
current technological frameworks used by the rehabilitation settings: the ECA was uploaded for
use on clinic iPads, and design updates were able to be remotely configured to it. As well, a
simplified electronic case note entry was prepared for the clinician participants to include in the

client’s electronic medical record.
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Aim 5: Identify areas of RehabChat requiring modification to improve feasibility

Numerous recommendations for areas of RehabChat requiring modification to improve its
feasibility were identified from the feedback from the semi-structured 1:1 interviews.
Recommendations for improvements related to the intended mode of use of RehabChat, as well as
to barriers to, or concerns about, using RehabChat in the clinic context. Key recommendations
included needing to further clarify the clinician’s role regarding their need to monitor how easy
RehabChat was for the client to use, to ensure confidentiality and achievable-ness of content
entered into RehabChat, and, within a professional team context, to clarify optimal ways of
integrating RehabChat within usual clinical care. Key factors needing to be changed in
RehabChat’s content included explaining that a user should click on a choice response only when
they had understood what RehabChat was conveying, as clicking the response would automate
progression of the conversation. Also, brief prompts are required for solving technical issues if they
arose, by turning RehabChat off then on again. As well, examples illustrating how clients should
structure their free text answers, so as to optimise how smoothly this content is used in subsequent
dialogues, should be provided.

A further recommendation related to the mode of implementation of RehabChat alongside usual
care. It was suggested that the client-clinician dyad would be able to commence the ECA
conversation at any point, to best match the client’s needs as they present in a clinic appointment.
This, as well as the recommendation to have increased access to iPads in the clinic setting, would
directly increase the ability of clinicians to use RehabChat in a responsive manner rather than
needing to adhere to a pre-determined structure of a more traditional research trial. Such a
responsive model for clinical integration would potentially enable more dyad pairs to participate,
particularly with clients who may have increased risk of stress or feeling overwhelmed.
Nonetheless, the two-week structure employed in the current study was well tolerated, and indeed
participants expressed that they would have been happy to continue using RehabChat if given the

opportunity.

Participant feedback regarding support provided for the participants included recommendations
that the researcher should be available to provide backup phone support during client-clinician-
RehabChat appointment times, and that there should be freedom for the client to cease using
RehabChat early if their needs necessitated this. Both of these recommendations were already
integrated into the feasibility pilot trial and were explained during the recruitment process and
reiterated in the early parts of the trial. As such, this feedback could suggest that the overarching
premise for this study having a two-week trial of RehabChat dominated the perceptions of
participants. Accordingly, it could be worthwhile in future research to explicitly state that any
amount of time using RehabChat up to a meaningful maximum total time of six weeks was

permitted, and that the researcher could be booked in as a back-up phone support particularly for
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the first client-clinician-RehabChat appointment, rather than offering these as spoken but unwritten
options.

6.7 Conclusion

This is the first time an ECA feasibility pilot trial has been conducted to consider the needs and
perspectives of both clients with TBI and clinicians. It is this broad perspective that has enabled a
thorough appraisal of usability and feasibility of RehabChat being used alongside usual ambulatory
rehabilitation care, clearly identifying both the aspects that are already functioning well, and factors
that need further development.

This study well situates the planning for RehabChat to have further refinement and improvement,
through providing broad indications for aspects of RehabChat needing development, opportunities
for expanded options for who it can be implemented, and clearly identifying which aspects of
RehabChat are currently performing well. Difficulties with recruitment can be managed by utilising
a SCD with continuous data repeated measures. Close attention to safety, confidentiality and
ongoing client comfort whilst using RehabChat is essential during any further research

developments, as these factors are necessary to clinical acceptability and for promoting uptake.

Future research should include iterative co-design with clients and clinicians, along with close
collaboration with the software developer, to ensure that software’s capabilities are utilised
optimally. Given the positive feedback received during this study, there appears to be potential that
RehabChat, with further development, could effectively augment usual rehabilitation care for adults
with TBI.
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7 Overall discussion, future directions, and final conclusion

This PhD has successfully developed a motivational embodied conversational agent (ECA) to
support goal-setting and pursuit for brain injury rehabilitation, highlighting this PhD’s original, and

meaningful contribution to knowledge.

This chapter will provide an overview of the main achievements of this PhD project, and proposed
approaches for future research development of RehabChat. The aims and objectives for this PhD
will be addressed, and final conclusions will be presented.

7.1 Overview

To start, this PhD defined traumatic brain injury (TBI), and the particular needs of clients with TBI.
The needs identified were physical challenges, memory difficulties, cognitive disabilities, and low
motivation. A particular focus on motivation, and how it impacts upon a client’s rehabilitation was

described.

The physiological basis of recovery following TBI was presented — this being neurogenesis. The
process of neurogenesis refers to the ability of the brain to form new neuronal connections
throughout the lifespan. It is this ability of the brain to change in response to experiences and
training that enables recovery to occur following TBI. Brain injury rehabilitation as the model for
optimising recovery was presented. Key aspects of it were highlighted: it being provided by a
multidisciplinary team environment; that the client is the central focus of care planning and delivery;

and that usual rehabilitation care is a time-limited service.

For rehabilitation, the gold standard approach of client-centred goal-setting using the SMART (17)
framework was highlighted. To achieve outcomes in rehabilitation, a client needs to perform
consistently with completing prescribed practice activities which relate directly to their rehabilitation
goals. To enhance success, clients should feel motivated and engaged with the therapy process
and the goals which have been set. Motivational support during rehabilitation for these clients is

important to help optimize engagement in therapy.

The conundrum of brain injury rehabilitation being time-limited despite ongoing recovery being
possible was discussed. It was also identified as an opportunity for which the development of novel
therapies and approaches to care was warranted. It was emphasised that any novel therapy
approach developed would need to align with client-centred goal-setting and pursuit, be able to

integrate successfully into usual care practices.

Conversational agent (CA) technology was identified as a potential tool to use for creating a novel

approach for supporting brain injury rehabilitation for adults with TBI. Conversational agent
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technology provides conversation-based human-computer interactions. Often the CA can be
configured onto a portable device such as an iPad. By default, this means that the CA is highly
accessible and non-fatigable. It is these aspects that were identified as potentially providing a
means for leveraging usual rehabilitation care. It was also hypothesized that by thus leveraging
care, there would be benefit for clients with TBI through receiving more therapeutic input, which in

turn may enable better rehabilitation outcomes.

Positive motivational behaviour change paradigms relevant to both brain injury rehabilitation and
CA development were presented. These were specifically Self-Determination Theory (SDT) and
Motivational Interviewing (MI). Both paradigms were explained in regard to how they could be

applied to brain injury rehabilitation. The concordance between the theoretical paradigms in this

project provided a cohesive base for the development of the CA.

From there, the research aims and objectives for this project were determined; these will be
directly addressed later this chapter (see Section 7.3). Following on from the research aims, this
PhD project progressed through distinct phases of ideation and development of the CA, and
identification of relevant theoretical approaches to use for its development. As well, the overarching
methodology for this PhD was chosen, which was the Living Laboratory methodology (Living Lab).
Living Lab provided a comprehensive framework approach which included five main tenets:
engaging end-users; using multiple methodologies; undertaking authentic co-creation; consulting
with multiple stakeholders; and testing in the real-life setting. All of these tenets were incorporated
into this PhD and helped ensure its success.

The conversational content for RehabChat was carefully considered so as to align with usual
rehabilitation care, and to include client centred goal setting incorporating the SMART framework.
Additionally, the focus was on providing motivational support for clients whilst they pursued their
rehabilitation goals, which was achieved by nuancing the ECA conversation with SDT and Ml

principles.

The phases for the development of the CA — called RehabChat — included early prototype design
and in-house testing, co-design workshops, and a final feasibility pilot trial in the real-life clinic
setting. Additionally, a scoping review investigating the use of CA technology in rehabilitation for
brain injury, disease and stroke was undertaken to better inform how to approach developing and
testing the novel tool for this PhD. Results of the scoping review revealed that research in this area
is at an early stage. Most included papers reported description of the prototype and early user
testing. In particular, the review found that there was an apparent lack of detail reported regarding
clinical validation of the conversational content, appraisal of barriers and facilitators, and of safety
aspects regarding utilizing the CA with a clinical cohort. Additionally, there was inconsistency in

how each CA prototype was described in the papers. All of these factors were discussed in the
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scoping review chapter (Chapter 3), and a model for standardised reporting of CAs was proposed.
This reporting model was subsequently used for describing the final version of RehabChat
developed for the two-week intervention in the feasibility pilot trial (see Section 6.5.4).

In-house development and testing of RehabChat incorporated the design of an initial prototype
embodied conversational agent (ECA), followed by alpha and beta testing. It was decided that
having a human-like avatar in the CA would improve client engagement with the tool which in turn
would support engagement with the content of the conversation in the CA. The ECA software used

was the Virtual Human platform by Clevertar Pty Ltd (175) (Clevertar).

The initial ECA prototype was designed to include a basic goal-setting conversation. This was
tested in-house using an alpha testing approach, which focused on identifying technical glitches
and gathering initial feedback on general usability. Feedback from alpha testing identified several
technical issues in the ECA that were subsequently resolved. Beta testing of the ECA was then
conducted, in which a larger sample of in-house participants were recruited and who provided
feedback on RehabChat regarding user experience, usability, and conversation content, with
consideration of the intended use setting of brain injury rehabilitation. Feedback for beta testing
was comprehensive and provided the basis for clarifying the rehabilitation goal setting content for
the ECA, developing a separate ECA training module, and clarifying the role of the supervising
clinician for the client using the ECA. Through this process, Rehab Chat was developed to be more
than just an ECA; to also incorporate a mode of intended use within the intended multi-disciplinary
rehabilitation context. It is this version of RehabChat that was implemented for the co-design

workshops.

The co-design workshops were styled specifically to meet the clinical needs of client participants.
Consideration of these needs meant that each participant received pre-workshop training in how to
use RehabChat and Zoom (208). As well, during the four workshop rounds, participants were given
enough time to practice using RehabChat, to think through their responses, and to provide
feedback. All feedback was treated equally from the three cohorts — discharged clients, current
clients, and clinician participants. Given the inherent power differences between clients and
clinicians, as well as different perspectives between the three cohorts, separate meetings were
held for individual cohorts for the first three rounds of workshops. In the final fourth workshop, all
participants were together to enable a synthesized approach for gathering feedback. Participant
feedback from all workshop meetings included many design recommendations for changes
needing to be made to RehabChat. All of the change recommendations were addressed: important
updates were made to the design of the user interface, the content of the conversation and the
mode of implementation of RehabChat in the clinical setting. The final stable model of RehabChat

arising from the workshops was subsequently tested in a second round of alpha testing. This later
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stage of testing identified numerous technical glitches, all of which were addressed. This refined

version of RehabChat was used in the feasibility pilot trial.

The feasibility pilot trial enabled RehabChat to firstly be user tested by three clinicians. Feedback
from this helped to define how the ECA dialogues were to be further pruned, and the need to have
extra reiteration of conversation content so as to help the client-user follow the conversation flow
more easily. These changes were completed prior to clients using RehabChat for the planned two-
week intervention. All participants in the pilot trial received initial 1:1 training using RehabChat to
ensure that when the two-week intervention commenced that there would not be interruptions due
to participant inexperience or their lack of ability to use the tool. Two clinician-client dyads were
recruited as well as two clinicians for whom no clients could be recruited. Quantitative results for
the pilot trial indicated that client well-being did not deteriorate during the trial, and that the usability
of RehabChat was very good. Qualitative feedback indicated that RehabChat matched the usual
rehabilitation care setting well, due to it incorporating known goal-setting frameworks, and that it
was easy to use. Numerous suggestions for areas of RehabChat needing further development
were also expressed by the participants. These included reference to RehabChat’s ability to
support clients with auditory processing difficulties, and the need to ensure it did not contribute to a
client feeling cognitively overwhelmed. Some safety concerns were identified concerning
participant stress, and a small risk of confidentiality breach, with solutions also identified for both
issues: of refining the conversation content, and clarifying the clinician’s role in supervising the
client's use of RehabChat, respectively. Feedback was also received regarding potential future
uses of RehabChat. These included that it could be used alongside usual care, as modelled during
the pilot trial, and also for other phases of the client’s rehabilitation journey during which there was
minimal or no clinician support. Such times included when the client had a structured therapy break
during which they would not have their usual contact with their clinicians. For such times, it was felt
that RehabChat could facilitate ongoing cognitive framing support for clients to continue their goal
pursuit practice activities whilst having reduced clinician input. Another time suggested for when
RehabChat could be used was on discharge. Once again, the perceived benefit of using
RehabChat for this phase of the client's journey was around supporting the client’s ability to focus
on set goals and goal pursuit activities. This benefit of using RehabChat also aligned with the
clinicians’ priority to not only help a client rehabilitate specific aspects of their clinical needs but
also to help the client learn how to set goals and pursue them, as this was a skill that could

become part of their lives following finishing their structured rehabilitation clinic care.

7.2 Findings about motivation from co-design workshops and

feasibility pilot trial compared
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Findings about motivation identified from the co-design workshop and from the feasibility pilot trial
focused on related but separate areas, based on feedback from both client and clinician
participants.

For the co-design workshops, the focus was on the client’s lived experience of motivation during
rehabilitation. Feedback for this focused on what helped or hindered motivation during
rehabilitation, and related aspects of finding meaningful activities to do when usual roles (e.g.
providing for family, work) and opportunities (e.g. driving) were taken away at least for a while. The
importance of client-centred goal-setting for facilitating achievement of meaningful rehabilitation
goals was discussed, and the overall positive impact of having a supportive family, and consistent
support from therapist input, was highlighted. The discussion also briefly explored intrinsic aspects
of motivation, with this being seen as arising from within a client even when there was negligible
external social support, and as aligning to the priorities of the client such as family connectedness,

and choosing rehabilitation goals which were both achievable, and realistic.

In contrast, in the feasibility pilot trial feedback on motivation focused the client’s experience of
motivation whilst using RehabChat alongside usual care. Aspects for this related to being more
motivated generally in rehabilitation, and that this was facilitated through being able to see step-
wise progress being made towards achieving a goal. As well, closely aligned areas of feedback
concerned factors which supported therapy engagement: having a structure provided by
RehabChat for planning the steps to achieving a motivating and meaningful rehabilitation goal, the
benefits of RehabChat reinforcing what needed to be accomplished for achieving this. Some
mention was made about intrinsic motivation and being self-responsible for achieving one’s
rehabilitation goals, whilst also receiving external support from the therapy team. Finally,
participating in the project as well as using the ECA itself were both seen as positive experiences,
which would have helped enable any motivating influences from RehabChat to be experienced

optimally.

Feedback from both the co-design workshops and the feasibility pilot trial demonstrated the
workability of combining Ml and SDT into a goal-setting and goal-pursuit framework which
sensitively meets the clinical needs of clients. Feedback from the workshop meetings referred to
motivation and how it was intertwined with rehabilitation goal-setting. This contrasted to the pilot
trial feedback which focused on the client’s experience of being more motivated when using
RehabChat, that this was closely associated with RehabChat providing a cognitive support
framework and cues to complete the practice activities, and with RehabChat helping the client to
remain focused on their meaningful rehabilitation goal. These results indicate the need to consider

motivation in future research development for RehabChat.

7.3 Meeting project aim, questions, and objectives
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7.3.1 Research Aim

This PhD project achieved its overall aim of co-designing a motivational ECA to support adult
clients with TBI during brain injury rehabilitation. This achievement is discussed in relation to the

project’s research questions and objectives below.
7.3.2 Research Questions
This project was able to answer all of its research questions, as outlined below.
7.3.2.1 Main research question

Main question: How can an Embodied Conversational Agent be used to support motivation and
goal-setting in brain injury rehabilitation?

The main research question regarding how the ECA could be used within usual rehabilitation care
was addressed through this project’'s comprehensive and iterative consultation with end-users.
Aspects of the intended mode of use for the ECA which were ratified during the pilot trial included
utilising clinic iPads, having pre-use training in how to use RehabChat, clinical oversight during the
intervention provided by a clinician who is well informed about the client’s needs, and weekly
reviews of progress. Likely future developments for how RehabChat could be used in rehabilitation
care, are to offer greater flexibility for which sections of RehabChat can be used and for how long,

and to incorporate an additional goal-setting framework to better support cognitive training.
7.3.2.2 Research sub-question

Each of the research sub-questions was able to be addressed through the sequential co-design
phases conducted in this PhD project.

Sub-question 1: What optimal ECA design can be developed using co-design in a real-life
rehabilitation setting?

The optimal design of RehabChat was finalised following user testing at the start of the plot trial,
and represented a culmination changes made in response to feedback received during all of the
phases of development for RehabChat. Key aspects of the design were in regard to its user
interface (Ul) and avatar presentation. The Ul featured visual aspects of larger font size, bigger
click buttons, and greater area given to the rolling conversation text boxes than to the avatar. The
UI’s functionality included the conversation recommencing at the same place following a period of
non-use or after closing the program and re-opening it, and the user was able to scroll to review
prior conversation content. The avatar presentation was a Eurasian female design, with an

Australian accent, as these were the clearest to see and hear for the participants.
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Sub-question 2: What are the key elements to be considered when developing a motivational

ECA for brain injury rehabilitation?

The key elements considered when designing RehabChat were determined not only through
iterative consultation with end-users, but also through conducting an overarching background
literature search, and the more structured scoping review. Collectively, these sources of
information identified two motivational behaviour change paradigms — SDT and Ml — to be used to
nuance the goal-setting content, and two main domains of considerations to be addressed when
developing the ECA and ratifying an intended mode of use. The ECA’s development needed to
consider the specific clinical needs of clients with TBI such as memory challenges and fatigue, and
provide a step-wise generic goal-setting framework which could be used for setting and pursuing
any type of goal suited to the varied needs of clients with TBI. The domain of considering the
intended mode of use included: clarifying the clinician’s role in supervising the client, to utilise goal-
setting content that matched that which was already used in the clinic, and to emphasize the
limitations of the ECA’s purpose, including that the client should discuss any concerns with their

clinician.

Sub-question 3: What is the feasibility of using a motivational Embodied Conversational Agent in
brain injury rehabilitation?

The final phase of testing of RehabChat enabled the feasibility of using RehabChat in the real-life
setting to be appraised. Feedback indicated that RehabChat was feasible to implement: it was

easy to use; usual goal-setting paradigms were incorporated; and clients found it to be motivating.
7.3.3 Research objectives
The research objectives for this project were met in full, and are discussed below.
7.3.3.1 Main research objective
Main objective: To design and pilot trial an ECA to support motivation in brain injury rehabilitation.

This main objective was thoroughly met: the overall content of the PhD demonstrates how a
motivational ECA was developed in-house, iteratively reviewed during co-design workshops with

end-users, and then implemented as a feasibility pilot trial in the real-life setting.
7.3.3.2 Research sub-objectives 1 -6

Sub-objective 1: Identify the reported literature for the use of conversational agents in brain injury,

disease, and stroke rehabilitation via a Scoping Review
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A full scoping review was completed which investigated the use of CAs in brain injury, disease and
stroke (see Chapter 2). This review’s findings described a limited field of research which is

currently in its early stages.

Sub-objective 2: Choose an appropriate ECA software platform for which ongoing technical

support is provided.

The Virtual Human software platform by Clevertar was chosen because it met all of the
requirements for this project (see Sections 4.1.2 and 4.2.2). Additionally, both the software and

provision of ongoing technical support for the use of it were provided pro bono by Clevertar.
Sub-objective 3: Develop an initial ECA prototype in-house.

The initial prototype of RehabChat was developed in-house and used for alpha testing (see
Chapter 4). It included a simple goal-setting conversation (see Table 9, Section 4.4.1, and
Appendix VI).

Sub-objective 4: Test and iteratively refine the initial ECA prototype through alpha testing and
beta testing.

The initial ECA prototype underwent in-house alpha testing and beta testing (see Section 4.4).
Feedback from these rounds of testing resulted in meaningful changes being made to the ECA and

also to developing a model for its intended mode of use in the clinical setting.

Sub-objective 5: Conduct co-design workshops with clients and clinicians of the collaborating

brain injury rehabilitation services, to develop the prototype ECA to a stable model ECA design.

Four rounds of co-design workshops were conducted with clinicians and clients from these
rehabilitation services. Numerous changes were made to RehabChat in response to the
comprehensive feedback from these workshops. The stable model ECA design was determined

following completion of the workshops, and was used for the feasibility pilot trial.

Sub-objective 6: Complete a feasibility and usability pilot trial of the stable model ECA at the

collaborating brain injury rehabilitation services.

A mixed methods feasibility pilot trial which investigated RehabChat’s feasibility, usability and
acceptability was conducted at two clinic sites of the brain injury rehabilitation service for clients
with moderate-severe acquired brain injury (ABI). The other rehabilitation service for clients with
mild TBI was unable to participate due to a major service restructure. Findings from the feasibility
pilot trial ratified many aspects of RehabChat’s design as being currently satisfactory, and also
included a number of suggestions for changes to be made to it to further increase its clinical

relevance and applicability for a grater array of clinical needs.
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7.4 Limitations of this research

This PhD has presented the design and development of a novel CA for supporting motivation in
clients participating brain injury rehabilitation. It is important to note that the context for this
research was for ambulatory care brain injury rehabilitation, and the participant cohort of adults
with TBI was limited to clients who could use an iPad and provide their own consent to participate
in the study. These factors mean that the results from the present research cannot be generalised
to other brain injury rehabilitation clinical settings such as inpatient settings, or to other clinical
cohorts with TBI, such as clients with TBI who are unable provide their own consent or who have
difficulty in using an iPad due to visual, hearing or dexterity challenges.

The difficulties experienced with recruitment for the feasibility pilot trial, which resulted in a small
number of client participants recruited, meant also that generalisability of the feasibility results for
this research is not yet possible. Nonetheless, a substantial amount of feedback data was obtained
for the feasibility pilot trial from the four clinicians and two clients, and no adverse events were
experienced during testing. As such, there is a base for ongoing research to further develop
RehabChat.

The immediate next step of research should focus on ratifying both a stable model of RehabChat
itself, and a feasible and acceptable model for implementing RehabChat in the real-life clinical
setting, through conducting a pilot trial with recruitment of a larger sample size. This step is
considered below. Following this step, subsequent research could then investigate the comparative
clinical effectiveness of using RehabChat alongside rehabilitation care compared to usual care

alone.

7.5 Considerations for future developments of RehabChat, with

reference to relevant literature

Future research development of RehabChat could include not only a longer duration of clinical
testing in the rehabilitation setting, but also further consultation with clinicians and even clinical
managers regarding how to integrate the concept of RehabChat more broadly into the clinical
setting. This latter factor was identified in the pilot trial qualitative feedback, and suggested that
whilst RehabChat was being used eventually as a clinical tool, that it could be discussed as a
regular item at team meetings to ensure a common approach was taken for how it was used by
various clinicians. This could help resolve any concerns about impact on workflow, clinical
outcomes, and time management. A similar approach could be used for reviewing and iteratively
co-designing the workflow for RehabChat, in a subsequent study. This would enable thorough

appraisal regarding how best to RehabChat into the clinic setting more broadly, as the current work
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in this PhD focused primarily on participants’ experiences and perspectives regarding the mode of

use by a client-clinician dyad.

An exciting aspect of feedback from the feasibility pilot trial considered how to increase the
accessibility and acceptability of using RehabChat as part of a research project by better
accommodating the fluctuating needs of clients with TBI. Suggestions for achieving this included
having the option to not have to do the practice activities daily, to ensure enough iPads are
available for easy use, and for the clinicians to choose when RehabChat would be used by their
client. The clinician’s decision to use RehabChat may occur with minimal notice, for example,
during a clinical appointment when a certain aspect of rehabilitation goal setting emerges in the
client-clinician conversation, the clinician may decide that RehabChat could support this part of the
rehabilitation journey. At that point the clinician could introduce RehabChat to the client and also
provide initial training input for the client to learn to use RehabChat, based on that the clinician
would have received prior train-the-trainer instruction. To enable such a responsive research
design, the informed consent process would need to be completed earlier on, and include a
provision that RehabChat could be used at an appropriate juncture if/as appropriate.

A further idea for optimising responsiveness to client needs was for the client-clinician dyad to be
able to use any or all aspects of RehabChat’s conversation: to use just the goal-setting part, the
practice activities sections, and/or the progress review components. Being able to use RehabChat
on a flexible basis and for varying amounts of times, could help to accommodate the clients’
fluctuating needs and achieve the purpose of RehabChat — to provide additional goal-setting and
pursuit support alongside usual rehabilitation care. From a research perspective, this would
demand a high degree of flexibility in how data was collected, managed, and assessed.
Additionally, mixed method study results would need to be compared with data for ECA usage

(duration, frequency, sections of conversation used).

This PhD study identified some aspects of acceptability appraisal, for example regarding
participants’ perspectives on the overall reach design for the feasibility pilot trial (which was
favourably received with some recommendations for change). There is precedent for testing
acceptability of a novel digital health intervention being used alongside usual care by a client-
clinician dyad. This has been done previously to assess their acceptability of a website tool for
tailoring exercise progression and providing information for physiotherapy clients recovering from
knee surgery (228). In this study, feedback highlighted contextual issues which impacted on its
delivery, and how to best integrate the technology in the clinical service (228). Existing frameworks
for appraising acceptability of digital technology tools such as the Website Content Accessibility
Guidelines (WCAG) (20) and the Unified Theory of Acceptance and Use of Technology (UTAUT)
(142) support review of context relevant factors. The WCAG includes aspects related directly how

well does the tool integrate into the use setting; and the UTAUT has precedent for being adapted
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for specific use purposes, such as social assistive technologies for older adults (215). Both of
these frameworks were used in this PhD and could be again used in a subsequent clinical trial to
map robustness, acceptability and usability matched specifically to the use setting.

It is important to thoroughly test any type of novel therapeutic tool regarding its feasibility,
effectiveness, and safety including over extended follow-up periods. A previous research protocol
for a therapeutic CA incorporated planning for intensive longitudinal follow-up (124).This is
particularly relevant for testing of a digital health intervention such as a CA for rehabilitation,
because the impact of the use of health behaviour change (HBC) CAs is unknown and requires
ongoing multi-disciplinary planning, monitoring and development (73). As well, multiple
stakeholders are involved in appraising the impact of such a tool, these being the client, their family
member, clinicians, and managerial staff. Future research for longitudinal testing of RehabChat
incorporating a longer intervention period of six weeks, followed by extended follow-up assessment

for up to 12 months should be considered.

This PhD project has contained a clear focus on client-centred goal-setting, and this should be
considered further in future developments of RehabChat. Interestingly, clinician feedback
recommended incorporating providing an extra goal-setting structure in RehabChat which would
more adequately support cognitive rehabilitation goal-setting for which distinct tasks can be
prescribed rather than practice activities which need to be completed regularly. A specific focus on
refining the goal-setting approaches used in RehabChat could be included in future co-design
workshops. Previous research has focused on the development of a goal setting framework for
stroke rehabilitation by using iterative co-design with multi-disciplinary clinicians (255). This study
reported that the co-designed framework integrated well with usual care (255). Prior research has
investigated goal setting in brain injury rehabilitation, looking particularly at occupational therapists’
decision making for how they approach goal setting with their clients (256). Qualitative results
revealed that key influences on their decision-making were their own perceptions of the client’s
ability to participate in goal setting, and managerial support and structures. As well, because of
these influencing factors, the therapist could vary between delivering client-centred goal centred or
a more clinician lead, discharge-focused goal setting approach (256). Similarly, research
investigating the barriers and facilitators for goal setting in stroke rehabilitation identified that
facilitators included the therapist using a supportive approach and having sufficient time, and
barriers were the therapist having inadequate skills and having insufficient time to engage in goal-
setting (40). This paper emphasizes the need to meet the specific communication needs of clients
(40). Both of these studies highlight multiple factors influencing how goal setting practices are
integrated into usual care. Future research for RehabChat should appraise the goal-setting
frameworks used in RehabChat and investigate the barriers and facilitators for using RehabChat

as a goal-setting tool in the clinical setting.
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Future research for RehabChat should incorporate gathering and analysing feedback from a range
of stakeholders apart from the clients and clinicians. The client’s family or carer should be
consulted. Precedent from the literature for this is from a user testing study for a novel CA for a
client with severe TBI, in which the authors highlight the need for considering the spouse’s view of
the ECA in regard to acceptability (120). Similarly for a broader scoping review of goal setting
theories and approaches for paediatric rehabilitation for motor disabilities, it identified that the
dominant theme was family centred care (257). This aligns with this PhD’s research in that a
similarly complex clinical setting of multi-disciplinary rehabilitation with a focus on the client and
their family was the context for the research. Future research of RehabChat should include a
structured approach for considering the perspectives of the client’'s family member. As well, given
that broader contextual factors impact upon uptake and integration of novel work practices — such
as managerial support, staff skill levels and having sufficient time — it would be advantageous to
again involve multiple stakeholders — including clinic management, Information Technology staff,

clinicians, and clients — in future research for RehabChat.

Future research for RehabChat should continue to apply motivational behaviour change
paradigms. In a recent 2020 scoping review (258) investigating use of technology to support goal
setting in rehabilitation for adult clients with any diagnosis revealed that these technologies
incorporated progress reviews and some utilised behaviour change theories, including SDT (258).
Nine of the 16 technologies included incorporated goal-setting that was completed by the client,
whereas the other technologies provided automated goal setting and goal-priority decision making.
The technologies incorporated progress reviews, and some technologies incorporated positive
behavior change theories including SDT (258). This review illustrates that client-centred goal
setting which incorporates positive behaviour change paradigms can be integrated into the
development of digital technology tools for rehabilitation. Interestingly, SDT was recommended for

goal-setting approaches for rehabilitation in a much earlier commentary from 2004 (259).

In future research for RehabChat SDT should be integrated into the design of the ECA and its
intended mode of use, as well as applied to the research methodology itself. A 2018 commentary
recommended SDT specifically for brain injury rehabilitation (39). The tenets of SDT have also
been reflected in the results of a recent 2021 study (260) of 179 clients with mild TBI regarding
their symptoms and experience of basic human psychological needs as defined in SDT (260). The
study found that participants’ sense of autonomy, connectedness and competency all decreased
whilst symptoms of anxiety and depression increased following injury. The study emphasized the
need to address these areas of challenge in therapy (260). These factors were addressed in this
PhD project: during the pilot trial, repeated measures were obtained for anxiety and depression,
and the three SDT tenets were integrated into both the ECA conversation content and the

approach to training of participants.
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In the feasibility pilot trial, the choice to use the short conversation style by all participants indicated
that there was possible concern about the longer conversation potentially causing increased
fatigue. Additionally, participant feedback identified aspects of motivational support which would be
useful in RehabChat: interestingly, aspects regarding having a motivational support resource such
as a support person were included in the longer conversation style developed after beta testing
and the co-design workshops. Based on these findings, future research development for
RehabChat will consider offering only one version of the conversation, which is the shorter style,
but which includes the additional motivational content from the longer conversation of identifying a

support resource or person.

The lack of established best practice guidelines for the development of health CAs indicates the
need to use relevant other respected design frameworks such as the WCAG (20) and the UTAUT
(141). However, recent literature illustrates early efforts to standardise development guidelines. A
2022 article outlines five best practices for CA design based on the author’s prior review of
successful and unsuccessful CAs (261). The five practices are: understand the needs of intended
end-users; goals for development to be realistic (for example, by keeping a clear focus for the CA’s
purpose); the CA to address a specific purpose; choose a software platform that matches the
purposes and requirements for the CA’s intended use; and prioritise optimising CA usability (261).
Interestingly, all of these practices were incorporated into this PhD project for developing
RehabChat. These five practices should continue to be used in future research development of
RehabChat.

Other research concerning development of the effective integration of SDT into CA design
recommends key factors for consideration by CA developers. Recent research by Yang et al
(2021) (262) investigated what helps or hinders the development of a CA which integrates SDT’s
tenets of competence, autonomy, and relatedness, through conducting participant interviews with
CA users experienced in using general use chatbots such as Google Assistant and Cortana (262).
This research was based on prior recommendations for the use of SDT when developing human-
centred digital technologies by Peters et al 2018 (84). Key findings were that 10 guidelines were
developed (262). These 10 guidelines were grouped into four categories. In the first category
regarding initial interactions, the CA needed to provide an overview of its capabilities to help the
user develop an appropriate understanding of what to expect from the CA. The second category
regarding ongoing interactions focused on the need for the user to interact easily with the CA,
which can be optimised by the flow of conversation, and the CA language being brief and clear.
The third category was concerned with when the CA was wrong and highlighted that the CA could
acknowledge when it was wrong or otherwise could not complete a task, including updating the
client on the system's current status regarding functionality. The final category focused on factors
relating to using the CA over time: that the CA should learn about the user from prior interactions,

which would help to improve the tailoring of services from the CA. As well, customisation of
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commands and responses should be facilitated, including allowing the user to have an increasing
sense of being able to impact and control the conversation. Additionally, options for the user to
view, interact with and manage data obtained in the conversations should be offered. It is important
to note that these recommendations were developed from feedback from participants who had
experience interacting with general use CAs, and they were not participants with a particular
clinical need. As well, some of the guidelines clearly relate to natural language processing (NLP)
CAs, for example regarding making mistakes or being unable to complete a task. However, the
essence of the guidelines can be applied to a constrained language CA, such as RehabChat: for
example, ensuring very clear expectations for the user of what the CA’s purpose is, enabling the
user to influence the focus of the conversation, and allowing the user to interact with their entered
data. These factors were applied to the development of RehabChat during this PhD project and

should continue to be considered in future research.
7.6 Priorities for next stages of testing for RehabChat

There is considerable scope for the future research and development of RehabChat to include
broad innovative inquiry regarding whether RehabChat could be delivered without an avatar, and
to compare this to the current ECA style; investigating the speech and language patterns and
preferences of clients with TBI; and development of an appropriate NLP framework to parse
spoken user input. These research foci are larger scale developments. In contrast, the immediate
next steps of development for RehabChat are defined below: these are essentially ‘low-hanging’
fruit which reflect directly the feedback received from the feasibility pilot trial and are necessary to

pursue prior to larger scale investigations.

The priorities for the next stages of development for RehabChat are to extend feasibility testing
through implementing a longer intervention with a greater number of participants, with a focus on
addressing the needs of clients and of the clinical setting within the content of the ECA and also
the design of the research. This research should also identify key translation factors for facilitating
more sustainable integration of RehabChat into the clinical setting. There is precedent in the
literature for appraising a novel HBC digital health intervention by initial feasibility testing followed
by clinical testing. Use of a methodological approach to integrating a positive behaviour change
paradigm into a motivational digital technology tool prior to subsequent testing has been reported
in the literature. A novel web-based physical activity App was developed to incorporate SDT and
Ml in the App’s content for promoting physical activity which included an ability of the App to tailor
the physical activity interventions (263). This App was developed through in-house prototype
development followed by user testing and interviews, prior to a subsequent RCT by the same
research team reported elsewhere (246). This is similar to this PhD project in that SDT and Ml

were incorporated, and that in-house testing and user testing were conducted. It also concurs with
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the proposed next stages of testing for RehabChat to firstly ratify the design of RehabChat and its
intended mode of implementation, and then to progress to a clinical effectiveness study.

The design for this future testing will take ideas identified from the feasibility pilot trial, and
framework it by using the Living Laboratory approach. An outline of what this future testing could
look like is presented below as a proposed model. It incorporates an initial phase of co-design
workshops, during and following which the aims objectives and planning for a subsequent pilot
implementation trial, as well as refinements for the ECA, would be completed. Future testing of
RehabChat should also prioritise usability testing and utilise the best available tools for this: a
recent 2022 study describes the development and piloting of a novel usability measure for

appraising usability in CAs (264); this tool could be suitable for use.

For the proposed future research priorities for developing RehabChat as outlined below, the
parameters of Participants, Context, Concept (PCC) would be used to define the subsequent
proposed co-design workshops and pilot implementation trial. The PCC details for each of these

are mapped out below.

7.6.1 Proposed co-design workshops to review the refined ECA prototype and

proposed mode of use for subsequent piloting in the clinical setting

Participants: Clients aged 18 years and older, with traumatic brain injury (TBI) of any severity,
who are able to provide their own consent, and can use an iPad. Clinicians who provide
ambulatory care rehabilitation for adult clients with TBI. Four or five participants from each cohort
to be recruited. If a client is recruited from a distinct service, then at least one clinician also has to

be recruited from that same service.

Context: Ambulatory care brain injury rehabilitation services for adults with TBI; these can be
public health services or not-for-profit rehabilitation services. Extending recruitment beyond the
public health services will improve the transferability of RehabChat to different settings, and also

facilitate recruitment.

Concept — design of RehabChat and its proposed mode of use presented at co-design
workshops: Three rounds of workshops will be held — two with separate meetings for each cohort,
and a final third meeting where all participants are together. At the meetings, the proposed model
for the subsequent pilot trial will be presented, as will the updated version of the RehabChat ECA
(see Section 7.5.2). Iterative changes to the ECA and its intended mode of use will be completed
between each meeting and following completion of all workshops. The final stable model will be

tested in-house prior to being used in the subsequent pilot trial.
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7.6.2 Proposed pilot trial to test the refined ECA and intended mode of use in

the clinical setting

Participants: Clients aged 18 years and older, with traumatic brain injury (TBI) of any severity,
who are able to provide their own consent, and can use an iPad. Clinicians who provide
rehabilitation care for adult clients with TBI. and the supervising clinician must have worked with
the client for at least three appointment times prior to the client being considered for eligibility. A
clinician needs to be recruited as the supervising clinician for each client recruited; any clinician
can have more than one client whom they are supervising in the project. Each client must have
only one supervising clinician; although this role can be handed over to another clinician during
periods of staff leave.

Context: Ambulatory care brain injury rehabilitation services for adults with TBI; these can be
public health services or not-for profit rehabilitation services. Extending recruitment beyond public
health services will facilitate recruitment.

Concept — use RehabChat as an intervention alongside usual care: The client-clinician dyad
use RehabChat alongside usual ambulatory care brain injury rehabilitation. Usual care comprising
multi-disciplinary therapies and any required therapy breaks continues. The clinician decides with
the client whether to use RehabChat during usual care periods, and/or during a therapy break. Use
of RehabChat is ceased by the time of discharge of client from rehabilitation care: RehabChat will
not be used post-discharge because of the inherent lack of clinician supervision for that.
RehabChat will be used for up to six weeks. One version of the ECA conversation will be provided,
which will be the shorter styled current version, incorporating additional content for identifying a
motivational support resource or person. The ECA conversation will also comprise two options for
the main domains of goal-setting, practice activities and progress reviews. The first of these
conversation options will be the current version of goal-setting used in RehabChat which
comprises SMART goal-setting, two practice activities, and weekly progress reviews. The second
conversation option will support cognitive training of aspirational goals, for which non-daily practice

tasks can be prescribed, and progress reviews can be conducted as required.
7.7 Final conclusion

In conclusion, RehabChat has evolved in response to feedback, both as an embodied
conversational agent — for which the user interface design and conversation content was aligned to
client needs — and as an intervention package incorporating the ECA as well as its intended mode
of use alongside usual brain injury rehabilitation care in ambulatory care settings. Living Laboratory
provided a comprehensive framework for conducting the PhD project — in which multiple

stakeholders and a complex clinical setting were involved. It also ensured that through consultation
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with end-users occurred, and in a way that was sensitive to the needs of client-participants and the

requirements of the clinical setting.

End-user feedback has suggested that further testing and development of RehabChat could
enable it to be used more broadly than its current mode of implementation alongside usual care,
and that future research should incorporate responsive models of implementation that more closely
integrate to the style of brain injury rehabilitation care — which is itself supportive, flexible. and

nuanced.

This project has illustrated that the judicious use of theoretical paradigms and end-user feedback
has enabled a feasible prototype ECA to be developed for supporting motivation in clients with TBI.
The degree to which integration into the clinic context was considered has helped premise this
work for future research of RehabChat regarding its use in brain injury rehabilitation; but perhaps to
also be considered more broadly for other conditions within the banner of brain injury, disease or
stroke, for which motivational support for goal achievement is required. RehabChat in this project
illustrates the use of a CA in a novel setting and for a novel purpose, and goes beyond the level of
reporting included in related literate of CAs for similar cohorts, in that it uniquely defines the ECA in
very specific terms regarding its design and purpose, as well as presenting the multiple aspects
considered in its design including requirements for its use in the real-life setting. Further research
for RehabChat could secure it as being a reliable and effective adjunct tool which is easily
integrated into rehabilitation care for adults with TBI.
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9 Appendices

Appendix I: Scoping review — Database search strategy

Below are the database search strategies used in this scoping review. All searches were limited to

English, human and adult.

MEDLINE (Ovid)

# | Searches

(("Text based" or "text-based" or virtual or relational or intelligent or synchronous or asynchronous or user-
1 | computer or "user computer" or human-computer or "human computer” or "computer assisted") adj2 (assistant or

human or agent* or coach or chat* or person or people or interface or therap*)).ti,ab,kw.

2 | (Chatbot* or avatar*).tw,kw.

((Conversational or "embodied conversational” or artificial or "natural language") adjl (agent or intelligence or

processing)).tw,kw.

4 | (Dialogue systems or Artificial Conversational Entity or Dialogue systems).tw,kw.

("automated question answering system" or "3D human" or "Al agent" or "believable agent" or "conversive agent"
or "cyber individual" or "desktop mate" or "digital animated avatar" or "electronic virtual interactive entity" or
"language bot" or "lifelike animated character" or "natural language system" or "online chat agent" or "language
bot" or "lifelike animated character" or "natural language system" or "online chat agent" or "relational agent" or
"smart virtual assistant" or "synthetix agent" or "teachable agent" or avatar or bot or buddy or character or chatbot
or chatterbot or chatterbox or ECA or intellitar or IVA or IVR or smartbot or VDA or ((anthropomorphic or

5 | automated or embodied or intelligent or pedagogic or talk* or virtual) adj3 (advisor or agent or assistant or coach
or consultant or expert or head or human or interface or machine or person or persona or people or representative
or robot or specialist or teacher or tutor)) or ((animated or artificial or asynchronous or automated or chat or
computerized or computerised or conversation* or dialog* or intelligent or interact* or relational or synchronous or
"text based" or "text-based" or virtual) adj3 (agent or assistant or attendant or chat* or coach or computer or entity
or human* or interface or person or people or person or program or response or robot or system or "talking

head"))).tw,kf.

6 |lor2or3o0rd4or5

7 | exp brain injuries/ or exp brain diseases/

8 | ("acquired brain injury" or "ABI" or "traumatic brain injury" or "TBI").tw,kw.

((brain or cerebr*) adj4 (injur* or hypoxi* or damage* or trauma* or neoplasm* or lesion* or tumor* or tumour* or

cancer* or infection*)).tw.

(MTBI or "mild traumatic brain injury" or TBI or "traumatic brain injury" or "ABI" or "acquired brain injury" or "brain
10
injury" or concuss* or "post concuss*" or "post-concuss*"' or PCS).tw,kf.
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((brain* or cerebr* or cerebell$ or intracerebral or intracran* or parenchymal or intraparenchymal or intraventricular
11 | or infratentorial or supratentorial or basal gangli* or putaminal or putamen or posterior fossa or hemispher* or

subarachnoid) adj5 (h?emorrhag* or h?ematoma* or bleed*)).tw.

((brain or cerebr* or cerebell* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or
12 | supratentorial or middle cerebr* or mca* or anterior circulation or basilar artery or vertebral artery) adj5 (isch?emi*

or infarct* or thrombo* or emboli* or occlus* or hypoxi*)).tw.

(stroke* or "post stroke" or poststroke or "post-stroke" or apoplex* or "cerebral vasc*" or cerebrovasc* or cva or
13
SAH).tw.

14 |7or8or9orl10orllorl2orl3

15 | exp Dementia/

(dementia or alzheimer* or "mild cognitive impairment" or "cognitive impairment" or neurodegen* or
16
parkinson*).tw,kw.

17 |15 or 16

18 | 14 or 17

19| 6 and 18

20 | exp animals/ not humans/

(animal* or canine* or dog* or feline* or hamster* or lamb* or mice or monkey* or mouse or murine or pig* or
21
porcine or primate* or rabbit* or rat* or rodent* or sheep).tw,kf.

22|200r21

23|19 not 22

24 | (child* or adol* or teen* or infan* or toddler or school-age*).mp.

25|23 not 24

limit 25 to (english language and humans and ("adolescent (13 to 18 years)" or "young adult (19 to 24 years)" or

26 | "adult (19 to 44 years)" or "young adult and adult (19-24 and 19-44)" or "middle age (45 to 64 years)" or "middle

aged (45 plus years)" or "all aged (65 and over)" or "aged (80 and over)"))

Google scholar (first 300)

(“virtual coach” OR chatbot OR avatar OR “conversational agent” OR “natural language agent” OR “virtual
assistant” OR “virtual human”) AND (“brain injury” OR concussion OR stroke OR dementia OR “cognitive

impairment”)

Scopus

(((TITLE-ABS-KEY ( ( ("Text based" OR "text-

based" OR virtual OR relational OR intelligent OR synchronous OR asynchronous OR user
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-computer OR "user computer” OR human-computer OR "human computer" OR "computer
assisted" ) W/2 (assistant OR human OR agent* OR coach OR chat* OR person OR peo
ple OR interface OR therap*))) OR TITLE-ABS-KEY ( ( chatbot* OR avatar*)) OR TITLE-
ABS-KEY ( ( ( conversational OR "embodied conversational® OR artificial OR "natural
language" ) W/1 (agent OR intelligence OR processing))) AND TITLE-ABS-

KEY ( ("Artificial Conversational Entity" OR "Dialogue system" OR "automated question
answering system” OR "3D human" OR "Al agent" OR "believable agent” OR "conversive
agent" OR "cyber individual" OR "desktop mate" OR "digital animated avatar" OR "electronic
virtual interactive entity" OR "language bot" OR "lifelike animated character" OR "natural
language system" OR "online chat agent” OR "relational agent" OR "smart virtual

assistant” OR "synthetix agent" OR "teachable

agent" OR avatar OR bot OR buddy OR character OR chatbot OR chatterbot OR chatterb
ox OR eca OR intellitar OR iva OR ivr OR smartbot OR vda)) OR TITLE-ABS-

KEY ( ( ( anthropomorphic OR automated OR embodied OR intelligent OR pedagogic OR tal
k* OR virtual ) W/3 (advisor OR agent OR assistant OR coach OR consultant OR expert
OR head OR human OR interface OR machine OR person OR persona OR people OR re
presentative OR robot OR specialist OR teacher OR tutor))) OR TITLE-ABS-

KEY (((animated OR artificial OR asynchronous OR automated OR chat OR computerized
OR computerised OR conversation* OR dialog* OR intelligent OR interact* OR relational O
R synchronous OR "text based" OR "text-

based" OR virtual) W/3 (agent OR assistant OR attendant OR chat* OR coach OR comp
uter OR entity OR human* OR interface OR person OR people OR person OR program
OR response OR robot OR system OR "talking head"))))) AND ( (( TITLE-ABS-

KEY ( ("acquired brain injury" OR "ABI" OR "traumatic brain

injury" OR "TBI") OR (( brain OR cerebr*) W/4 (injur* OR hypoxi* OR damage* OR trau
ma* OR neoplasm* OR lesion* OR tumor* OR tumour* OR cancer* OR infection*))) OR
TITLE-ABS-KEY (( mtbi OR "mild traumatic brain injury" OR tbi OR "traumatic brain

injury" OR "ABI" OR "acquired brain injury" OR "brain injury" OR concuss* OR "post
concussion” OR post-concussion OR pcs)))) OR (( TITLE-ABS-

KEY ((( brain* OR cerebr* OR cerebell* OR intracerebral OR intracran®* OR parenchymal O
R intraparenchymal OR intraventricular OR infratentorial OR supratentorial OR "basal
gangli*" OR putaminal OR putamen OR "posterior

fossa” OR hemispher* OR subarachnoid ) W/5 ( hemorrhag* OR haemorrhag* OR hematom
a* OR haematoma* OR bleed*))) OR TITLE-ABS-

KEY ((( brain OR cerebr* OR cerebell* OR vertebrobasil* OR hemispher* OR intracran* O
R intracerebral OR infratentorial OR supratentorial OR "middle

cerebr* OR mca* OR "anterior circulation” OR "basilar artery" OR "vertebral

artery") W/5 (ischemi* OR ischaemi* OR infarct* OR thrombo* OR emboli* OR occlus* O
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R hypoxi*))) OR TITLE-ABS-KEY ( ( stroke* OR "post stroke" OR poststroke OR "post-
stroke" OR apoplex* OR "cerebral vasc*' OR cerebrovasc* OR cva OR sah)) OR TITLE-
ABS-KEY ( (dementia OR alzheimer* OR "mild cognitive impairment” OR "cognitive
impairment” OR neurodegen* OR parkinson*)))))) AND NOT (( TITLE-ABS-
KEY ( (animal* OR canine* OR dog* OR feline* OR hamster* OR lamb* OR mice OR mo
nkey* OR mouse OR murine OR pig* OR porcine OR primate* OR rabbit* OR rat* OR ro
dent* OR sheep)) OR TITLE-ABS-

KEY ( (child* OR adol* OR teen* OR infan* OR toddler OR school-age*)))) AND ( LIMIT-
TO ( SUBJAREA, "COMP") OR LIMIT-TO ( SUBJAREA, "ENGI") OR LIMIT-

TO ( SUBJAREA, "MEDI") OR LIMIT-TO ( SUBJAREA, "NEUR") OR LIMIT-

TO ( SUBJAREA, "HEAL") OR LIMIT-TO ( SUBJAREA, "PSYC") OR LIMIT-

TO ( SUBJAREA, "NURS") OR LIMIT-TO ( SUBJAREA, "DECI") OR LIMIT-

TO ( SUBJAREA, "MULT")) AND (LIMIT-TO ( PUBSTAGE, "final") OR LIMIT-

TO ( PUBSTAGE, "aip")) AND (LIMIT-TO (DOCTYPE, "cp") OR LIMIT-

TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, "cr") OR LIMIT-

TO (DOCTYPE, "re") OR LIMIT-TO (DOCTYPE, "ch")) AND ( LIMIT-

TO ( LANGUAGE , "English"))

Proguest and Proquest Dissertations & Theses

(((("Text based" OR "text-based" OR virtual OR relational OR intelligent OR synchronous OR
asynchronous OR user-computer OR "user computer" OR human-computer OR "human computer"
OR "computer assisted") NEAR/2 (assistant OR human OR agent* OR coach OR chat* OR person
OR people OR interface OR therap*)) OR (Chatbot* OR avatar*) OR ((Conversational OR
"embodied conversational" OR artificial OR "natural language") NEAR/1 (agent OR intelligence OR
processing)) OR ("Dialogue systems" OR "Artificial Conversational Entity" OR "Dialogue system")
OR ("automated question answering system" OR "3D human" OR "Al agent" OR "believable agent”
OR "conversive agent" OR "cyber individual" OR "desktop mate" OR "digital animated avatar" OR
"electronic virtual interactive entity" OR "language bot" OR "lifelike animated character" OR
"natural language system" OR "online chat agent” OR "language bot" OR "lifelike animated
character" OR "natural language system" OR "online chat agent” OR "relational agent” OR "smart
virtual assistant” OR "synthetix agent" OR "teachable agent" OR avatar OR bot OR buddy OR
character OR chatbot OR chatterbot OR chatterbox OR ECA OR intellitar OR IVA OR IVR OR
smartbot OR VDA) OR ((anthropomorphic OR automated OR embodied OR intelligent OR
pedagogic OR talk* OR virtual) NEAR/3 (advisor OR agent OR assistant OR coach OR consultant
OR expert OR head OR human OR interface OR machine OR person OR persona OR people OR
representative OR robot OR specialist OR teacher OR tutor)) OR ((animated OR artificial OR
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asynchronous OR automated OR chat OR computerized OR computerised OR conversation* OR
dialog* OR intelligent OR interact* OR relational OR synchronous OR "text based" OR "text-based"
OR virtual) NEAR/3 (agent OR assistant OR attendant OR chat* OR coach OR computer OR entity
OR human* OR interface OR person OR people OR person OR program OR response OR robot
OR system OR "talking head"))) AND (((brain OR cerebr*) NEAR/4 (injur* OR hypoxi* OR damage*
OR trauma* OR neoplasm* OR lesion* OR tumor* OR tumour* OR cancer* OR infection*)) OR
(MTBI OR "mild traumatic brain injury" OR TBI OR "traumatic brain injury" OR "ABI" OR "acquired
brain injury" OR "brain injury" OR concuss* OR "post concuss*' OR "post-concuss*' OR PCS) OR
((brain* OR cerebr* OR cerebell* OR intracerebral OR intracran* OR parenchymal OR
intraparenchymal OR intraventricular OR infratentorial OR supratentorial OR “basal gangli*” OR
putaminal OR putamen OR “posterior fossa” OR hemispher* OR subarachnoid) NEAR/5
(haemorrhag* OR hemorrhag OR haematoma* OR hematoma* OR bleed*)) OR ((brain OR cerebr*
OR cerebell* OR vertebrobasil* OR hemispher* OR intracran* OR intracerebral OR infratentorial
OR supratentorial OR “middle cerebr” OR mca* OR “anterior circulation” OR “basilar artery” OR
“vertebral artery”) NEAR/5 (ischaemi* OR ischemi* OR infarct* OR thrombo* OR emboli* OR
occlus* OR hypoxi*)) OR (stroke* OR "post stroke" OR poststroke OR "post-stroke" OR apoplex*
OR "cerebral vasc*" OR cerebrovasc* OR cva OR SAH) OR (dementia OR alzheimer* OR "mild
cognitive impairment" OR "cognitive impairment” OR neurodegen* OR parkinson*))) NOT ((animal*
OR canine* OR dog* OR feline* OR hamster* OR lamb* OR mice OR monkey* OR mouse OR
murine OR pig* OR porcine OR primate* OR rabbit* OR rat* OR rodent* OR sheep) OR (child* or

adol* or teen* or infan* or toddler or school-age*)

Web of Science

((((("Text based" OR "text-based" OR virtual OR relational OR intelligent OR synchronous OR
asynchronous OR user-computer OR "user computer" OR human-computer OR "human computer"
OR "computer assisted") NEAR/2 (assistant OR human OR agent* OR coach OR chat* OR person
OR people OR interface OR therap*))

OR

(Chatbot* OR avatar*)

OR

((Conversational OR "embodied conversational" OR artificial OR "natural language") NEAR/1
(agent OR intelligence OR processing))

OR

(“Dialogue systems” OR “Atrtificial Conversational Entity” OR “Dialogue system”) OR ("automated
guestion answering system" OR "3D human" OR "Al agent" OR "believable agent" OR "conversive
agent" OR "cyber individual" OR "desktop mate" OR "digital animated avatar" OR "electronic virtual
interactive entity" OR "language bot" OR "lifelike animated character" OR "natural language
system" OR "online chat agent" OR "language bot" OR "lifelike animated character" OR "natural
language system" OR "online chat agent” OR "relational agent" OR "smart virtual assistant” OR
"synthetix agent” OR "teachable agent" OR avatar OR bot OR buddy OR character OR chatbot OR
chatterbot OR chatterbox OR ECA OR intellitar OR IVA OR IVR OR smartbot OR VDA)

OR

263



((anthropomorphic OR automated OR embodied OR intelligent OR pedagogic OR talk* OR virtual)
NEAR/3 (advisor OR agent OR assistant OR coach OR consultant OR expert OR head OR human
OR interface OR machine OR person OR persona OR people OR representative OR robot OR
specialist OR teacher OR tutor))

OR

((animated OR artificial OR asynchronous OR automated OR chat OR computerized OR
computerised OR conversation* OR dialog* OR intelligent OR interact* OR relational OR
synchronous OR "text based" OR "text-based" OR virtual) NEAR/3 (agent OR assistant OR
attendant OR chat* OR coach OR computer OR entity OR human* OR interface OR person OR
people OR person OR program OR response OR robot OR system OR "talking head"))

) AND (

("acquired brain injury” OR "ABI" OR "traumatic brain injury” OR "TBI")

OR

((brain OR cerebr*) NEAR/4 (injur* OR hypoxi* OR damage* OR trauma* OR neoplasm* OR
lesion* OR tumor* OR tumour* OR cancer* OR infection*))

OR

(MTBI OR "mild traumatic brain injury" OR TBI OR "traumatic brain injury" OR "ABI" OR "acquired
brain injury" OR "brain injury" OR concuss* OR "post concuss*' OR "post-concuss*" OR PCS)

OR

((brain* OR cerebr* OR cerebell* OR intracerebral OR intracran* OR parenchymal OR
intraparenchymal OR intraventricular OR infratentorial OR supratentorial OR “basal ganglia” OR
“basal ganglion” OR putaminal OR putamen OR posterior fossa OR hemispher* OR subarachnoid)
AND (hemorrhag* OR haemorrhag* OR hematoma* OR haematoma* OR bleed*))

OR

((brain OR cerebr* OR cerebell* OR vertebrobasil* OR hemispher* OR intracran* OR intracerebral
OR infratentorial OR supratentorial OR “middle cerebr*” OR mca* OR “anterior circulation” OR
“basilar artery” OR “vertebral artery”) NEAR/3 (ischaemi* OR ischemi* OR infarct* OR thrombo*
OR emboli* OR occlus* OR hypoxi*))

OR

(stroke* OR "post stroke" OR poststroke OR "post-stroke" OR apoplex* OR "cerebral vasc*' OR
cerebrovasc* OR cva OR SAH)

OR

(dementia OR alzheimer* OR "mild cognitive impairment" OR "cognitive impairment” OR
neurodegen* OR parkinson*)))

NOT

(animal* OR canine* OR dog* OR feline* OR hamster* OR lamb* OR mice OR monkey* OR
mouse OR murine OR pig* OR porcine OR primate* OR rabbit* OR rat* OR rodent* OR sheep OR
child* or adol* or teen* or infan* or toddler or school-age?*))

International Conference Proceedings Series

((((("Text based" OR "text-based" OR virtual OR relational OR intelligent OR synchronous OR
asynchronous OR user-computer OR "user computer" OR human-computer OR "human computer”
OR "computer assisted") AND (assistant OR human OR agent* OR coach OR chat* OR person
OR people OR interface OR therap*))

OR

(Chatbot* OR avatar*)

OR

((Conversational OR "embodied conversational" OR artificial OR "natural language") AND (agent
OR intelligence OR processing))

OR
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(“Dialogue systems” OR “Artificial Conversational Entity” OR “Dialogue system”) OR ("automated
guestion answering system" OR "3D human" OR "Al agent" OR "believable agent" OR "conversive
agent" OR "cyber individual" OR "desktop mate" OR "digital animated avatar" OR "electronic virtual
interactive entity" OR "language bot" OR "lifelike animated character" OR "natural language
system" OR "online chat agent” OR "language bot" OR "lifelike animated character" OR "natural
language system" OR "online chat agent” OR "relational agent" OR "smart virtual assistant" OR
"synthetix agent” OR "teachable agent" OR avatar OR bot OR buddy OR character OR chatbot OR
chatterbot OR chatterbox OR ECA OR intellitar OR IVA OR IVR OR smartbot OR VDA)

OR

((anthropomorphic OR automated OR embodied OR intelligent OR pedagogic OR talk* OR virtual)
AND (advisor OR agent OR assistant OR coach OR consultant OR expert OR head OR human
OR interface OR machine OR person OR persona OR people OR representative OR robot OR
specialist OR teacher OR tutor))

OR

((animated OR artificial OR asynchronous OR automated OR chat OR computerized OR
computerised OR conversation* OR dialog* OR intelligent OR interact* OR relational OR
synchronous OR "text based" OR "text-based" OR virtual) AND (agent OR assistant OR attendant
OR chat* OR coach OR computer OR entity OR human* OR interface OR person OR people OR
person OR program OR response OR robot OR system OR "talking head")))

AND

(((brain OR cerebr*) AND (injur* OR hypoxi* OR damage* OR trauma* OR neoplasm* OR lesion*
OR tumor* OR tumour* OR cancer* OR infection*))

OR

(MTBI OR "mild traumatic brain injury" OR TBI OR "traumatic brain injury" OR "ABI" OR "acquired
brain injury" OR "brain injury" OR concuss* OR "post concuss*"' OR "post-concuss*' OR PCS OR
stroke* OR "post stroke" OR poststroke OR "post-stroke" OR apoplex* OR "cerebral vasc*" OR
cerebrovasc* OR cva OR SAH OR dementia OR alzheimer* OR "mild cognitive impairment" OR
"cognitive impairment” OR neurodegen* OR parkinson*)

OR

((brain* OR cerebr* OR cerebell* OR intracerebral OR intracran* OR parenchymal OR
intraparenchymal OR intraventricular OR infratentorial OR supratentorial OR “basal ganglia” OR
putaminal OR putamen OR “posterior fossa” OR hemispher* OR subarachnoid) AND (hemorrhag*
OR haemorrhag* OR hematoma* OR haematoma* OR bleed*))

OR

((brain OR cerebr* OR cerebell* OR vertebrobasil* OR hemispher* OR intracran* OR intracerebral
OR infratentorial OR supratentorial OR middle cerebr* OR mca* OR “anterior circulation” OR
“pbasilar artery” OR “vertebral artery”) AND (ischemi* OR ischaemi* OR infarct* OR thrombo* OR
emboli* OR occlus* OR hypoxi*))))
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NOT
(animal* OR canine* OR dog* OR feline* OR hamster* OR lamb* OR mice OR monkey* OR
mouse OR murine OR pig* OR porcine OR primate* OR rabbit* OR rat* OR rodent* OR sheep OR

child* or adol* or teen* or infan* or toddler or school-age?*))
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Appendix Il: Scoping review — Data extraction instrument

Sections in italics are based directly on Laranjo et al (100) recommendations for reporting on

chatbots; * indicates a category based on Macedo et al (132).

Topic Data

1. Evidence source details and characteristics

Citation

Country

Context (health domain; setting): intended, actual*

Participants: intended, actual*

Recruitment process

Research methodology

Type of research activity reported

2. Research design & health rationale

Type of intervention: Clinical rehab purpose of CA*

Type of intervention: Mode of use

Content of conversation

Content development

Outcomes measured

Results

Safety

Use barriers

Use facilitators

3. Technology description

Task-oriented: yes / no
Yes: designed to gather essential data
No: Not focussed; instead provides conversation experience

Type of technology: Hardware

Type of technology: Software

Dialogue management:

Finite-state: pre-determined steps

Frame-based: need to complete a template; unconstrained language
Agent-based: system intelligent behavior; builds a conversation
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Topic

Data

Dialogue initiative:

User: conversation led by user
System: conversation led by system
Mixed: led by user &/or system

Input modality
Text, speech

Output modality
Text, speech, visual

Appearance

4. NLP related areas

Dialogue success rate (%)

Automatic speech recognition: word, sentence
Word accuracy / error rate / insertion rate / substitution rate
Sentence accuracy

Natural language understanding

# of times user requests repetition of reply provided by CA
# of times CA does not answer

User response time

Rate of out-of-vocabulary words

Dialogue management

% values for:

- words correctly understood, not covered or partially covered;

- sentences correctly analyzed;

- words outside the dictionary;

- sentences whose final semantic representation is the same as the reference;

- correct frame units, considering the actual frame units; frame-level accuracy; frame-level coverage

Natural language generation

% values for:

- correct responses;

- half-answers;

- times the system works trying to solve a problem;
- times the user acts trying to solve a problem

Speech synthesis
Intelligibility and naturalness
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Appendix lll: Scoping review — Excluded studies with reasons

# Citation
Not reporting on a CA

1 Abbasi J. Augmented reality takes Parkinson disease dance therapy out of the classroom. JAMA - Journal of the American Medical Association. 2017;317(4):346-8.

2 Abdi J, Al-Hindawi A, Ng T, Vizcaychipi MP. Scoping review on the use of socially assistive robot technology in elderly care. BMJ Open. 2018;8:e018815.

3 Abdollahi H, Mollahosseini A, Lane JT, Mahoor MH. A pilot study on using an intelligent life-like robot as a companion for elderly individuals with dementia and
depression. 2017; Piscataway: The Institute of Electrical and Electronics Engineers, Inc. (IEEE); 2017. p. 541-6.

4 Ahmad A, Mozelius P, Ahlin K, editors. Testbed requirements for technology enhanced stroke rehabilitation to support independent living. ICTAAWE 2019 -
Proceedings of the 5th International Conference on Information and Communication Technologies for Ageing Well and e-Health; 2019.

5 Badesa FJ, Morales R, Garcia-Aracil N, Sabater JM, Casals A, Zollo L. Auto-adaptive robot-aided therapy using machine learning techniques. Computer Methods
and Programs in Biomedicine. 2014;116(2):123-30.

6 Baka E, Kentros M, Papagiannakis G, Magnenat-Thalmann N. Virtual Reality Rehabilitation Based on Neurologic Music Therapy: A Qualitative Preliminary Clinical
Study. Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics)2018. p. 113-27.

7 Balaam M, Egglestone SR, Fitzpatrick G, Rodden T, Hughes AM, Wilkinson A, et al., editors. Motivating mobility: Designing for lived motivation in stroke
rehabilitation. Conference on Human Factors in Computing Systems - Proceedings; 2011. p. 3073-3082

8 Beck CA, Beran DB, Biglan KM, Boyd CM, Dorsey ER, Schmidt PN, et al. National randomized controlled trial of virtual house calls for Parkinson disease.
Neurology. 2017;89(11):1152-61.

9 Begum M, Hug R, Wang R, Mihailidis A. Collaboration of an assistive robot and older adults with dementia. Gerontechnology. 2015;13(4):405-19.

10 Begum M, Wang R, Hug R, Mihailidis A, editors. Performance of daily activities by older adults with dementia: The role of an assistive robot. 2013 IEEE 13th
International Conference on Rehabilitation Robotics (ICORR); 2013. p. 1-8.

11 Beursgens L, Timmermans AAA, Boesten F, Seelen HAM, Markopoulos P, editors. Us'em: Motivating stroke survivors to use their impaired arm and hand in daily
life. Conference on Human Factors in Computing Systems - Proceedings; 2011. p. 1279-1284.

12 Burns W, Nugent C, McCullagh P, Zheng H. Design and evaluation of a smartphone based wearable life-logging and social interaction system. Lecture Notes in
Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics)2014. p. 179-86.

13 Cameirdo MS, Smailagic A, Miao G, Siewiorek DP. Coaching or gaming? Implications of strategy choice for home based stroke rehabilitation. Journal of
neuroengineering and rehabilitation. 2016;13(1):1-15.

14 Chan J, Nejat G, Chen J. Designing intelligent socially assistive robots as effective tools in cognitive interventions. International Journal of Humanoid Robotics.
2011;8(1):103-26.
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15 Coninx K, De Weyer T, Lemmens R, Luyten K, editors. ReHappy - The house elf that serves your rehabilitation exercises. Conference on Human Factors in
Computing Systems - Proceedings; 2016. p. 2192-2199

16 Cooney M, Orand A, Larsson H, Pihl J, Aksoy EE. Exercising with an "Iron Man": Design for a Robot Exercise Coach for Persons with Dementia*. 2020; Piscataway:
The Institute of Electrical and Electronics Engineers, Inc. (IEEE); 2020. p. 899-905.
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project. Occupational Therapy International. 2010;17(2):53-63.

18 Des Roches CA, Kiran S. Technology-based rehabilitation to improve communication after acquired brain injury. Frontiers in Neuroscience. 2017;11(JUL).
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impaired. 2016; Piscataway: The Institute of Electrical and Electronics Engineers, Inc. (IEEE); 2016. p. 445-50.

20 Fan J, Bian D, Zheng Z, Beuscher L, Newhouse PA, Mion LC, et al. A Robotic Coach Architecture for Elder Care (ROCARE) Based on Multi-User Engagement
Models. IEEE transactions on neural systems and rehabilitation engineering : a publication of the IEEE Engineering in Medicine and Biology Society.
2017;25(8):1153-63.

21 Feng X, Winters JM. An interactive framework for personalized computer-assisted neurorehabilitation. IEEE Transactions on Information Technology in Biomedicine.
2007;11(5):518-26.

22 Gowans G, Dye R, Campbell J, Astell A, Aim N, Ellis M, editors. Designing a multimedia conversation aid for reminiscence therapy in dementia care environments.
Conference on Human Factors in Computing Systems - Proceedings; 2004. p. 825-836.

23 Grechuta K, Rubio B, Duff A, Oller ED, Pulvermidiller F, Verschure PFMJ. Intensive language-action therapy in virtual reality for a rehabilitation gaming system.
Journal of Pain Management. 2016;9(3):243-54.

24 Hornof A, Whitman H, Sutherland M, Gerendasy S, McGrenere J, editors. Designing for the "Universe of one": Personalized interactive media systems for people
with the severe cognitive impairment associated with rett syndrome. Conference on Human Factors in Computing Systems - Proceedings; 2017. p. 2137-2148.

25 Hruska L, Sincak P, Ferencik N, Cik I. Application of cloud-based social robotics in cognitive exercises for elderly people. 2020; Piscataway: The Institute of
Electrical and Electronics Engineers, Inc. (IEEE); 2020. p. 57-62.
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27 llyas CMA, Schmuck V, Haque MA, Nasrollahi K, Rehm M, Moeslund TB. Teaching Pepper Robot to Recognize Emotions of Traumatic Brain Injured Patients Using
Deep Neural Networks. 2019; Piscataway: The Institute of Electrical and Electronics Engineers, Inc. (IEEE); 2019. p. 1-7.

28 Jean-Baptiste EMD, Russell M, Howe J, Rotshtein P. Intelligent prompting system to assist stroke survivors. Journal of Ambient Intelligence and Smart
Environments. 2017;9(6):707-23.

29 Jung HT, Baird J, Choe YK, Grupen RA, editors. Upper-limb exercises for stroke patients through the direct engagement of an embodied agent. HRI 2011 -
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Appendix V: Design and development processes — Images of RehabChat

Below are copies of the six slides of a PowerPoint presentation included in original thesis; live link to videos

in this PowerPoint have been disabled.

RehabChat videos

Training module — side-by-side display
Profile management portal

Rehab module — vertical display
Content management portal

Rehab module — side-by-side display
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1. Training module: informal female avatar,
scrolling, ‘skip” option, click on a response
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2. Profile management portal: choose Ul
functionality, avatar design, Ul colour & size,
customised style sheet updated, URL used
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3. Vertical display: formal lady avatar; role of
therapist emphasized; demonstrates take me back
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4. Content management portal: sub-conversations, dialogue
content, logic decision points connecting dialogues, shows
simple continuation option & multiple choice question
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5. Side-by-side display: informal male avatar;
introductions; set a motivational rehab priority
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Appendix VI: Design and development processes — Dialogue development

The following tables depicts conversation dialogues from the initial ECA prototype used for alpha testing. The table demonstrates how MI, SDT,

SMART and clinical needs are incorporated into the dialogue content. This table depicts the early parts of the ECA conversation, specifically the

Introduction and Goal setting parts.

Key:
ECA = Embodied Conversational Agent

MI = Motivational Interviewing, with key aspects of: rolling with resistance; define motivational goal; plan change; persist despite setbacks; monitor progress

SDT = Self-Determination Theory tenets of: Autonomy; Connectedness; Competence

SMART = goal setting pneumonic Specific, Measurable, Attainable, Relevant, Time-bound

TBI = Traumatic Brain Injury, and key clinical issues of: concentration; fatigue; pain; dizziness

ECA dialogue iteration

Client-user’s
response to
dialogue iteration

Alternative
user
response
options to
dialogue
iteration

ECA dialogue
iteration
following
alternative user
response

Ml & SDT

SMART goal setting & TBI clinical
needs

#1 Hil Thank you for visiting. Click "OK” when you
are ready to begin your conversation with
RehabChat.

SDT - Autonomy

TBI — cognitively prepared for
conversation

Clicks “OK”
(single/only choice
to make)

SDT - Autonomy

TBI — time to think before proceeding

#2: Hi I'm Jo, your virtual rehab coach. I'm here to
help you in your rehabilitation. Your rehab therapist
will also be with you to help out at any time too.

It's great to talk about your rehab with you. What is

your name? Please write your first name or nick
name.

MI — supportive
approach

SDT Connected

TBI — simple androgenous name, easy
to remember

Enters first/nick
name as free text
= variable [client
name]. This used

SDT —
Connectedness
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Alternative

user ECA dialogue
CHEMHEE O response U SMART goal setting & TBI clinical
ECA dialogue iteration response to P following MI & SDT 9 9
X . . options to ; needs
dialogue iteration dialogue alternative user
: 9 response
iteration
throughout
conversation.
#3: Hi [client name]. Today it'd be great if we could MI - focusing SMART - prepare for goal setting
talk about what you'd like out of your rehabilitation. SDT - autonomy TBI — guiding cues to focus attention
How does that sound?
Click “OK” MI — focusing TBI - Pausing and confirming at each
(single/only choice SDT — Autonomy stage of conversation to enable
to make) cognitively can keep up
#4: Have you thought about a goal that is important MI — personal SMART - focus on a single goal
to you in your rehab? motivation Bl -1 goa| is Simp|er
SDT - autonomy
Yes Click “No” MI — acknowledging TBI - Pausing and confirming at each
Go to #6 readiness stage of conversation to enable
SDT — Autonomy cognitively can keep up
#5: That's great [client name]. How can you describe MI — reinforce positive | SMART — focusses upon Specific
your rehab goal? Please write a few words to steps in client’s aspect
complete the sentence: "My goal is to be able to..." thinking & decision- TBI — support learning through positive
making reinforcement, and errorless learning
SDT - Autonomy principles (used throughout)
Free text to enter MI — change talk SMART - goal-setting commenced
main goal = SDT — Autonomy, TBI — using client’s own words helps to
variable [main competence keep client engaged in process
goal] used during
rest of
conversation.
Go to #20
From No response for #4 a/a: MI — rolling with SMART - approaching Specific aspect
#6: That's OK. Instead of thinking of a goal, resistance, empathy, | from different angle
sometimes it's easier to think of something that feels non-judgmental, TBI — utilizing alternative phrase &
hard to do, or that you're struggling with. From there, building trust, words to describe & enable goal
you can look at developing a goal. So [client name], SDT - Autonomy setting. This is needed because not all
can you think of something that is hard for you to do clients will know what goal setting
at present? means, &/or they may not see it as
meaningful.
Choose “Yes” Choose “No” MI — allowing for & TBI — simple decisions to make along

Go to #14

rolling with resistance

the way enable the client to pause &
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ECA dialogue iteration

Client-user’s
response to
dialogue iteration

Alternative
user
response
options to
dialogue
iteration

ECA dialogue
iteration
following
alternative user
response

Ml & SDT

SMART goal setting & TBI clinical
needs

SDT — Autonomy for
choice-making

reflect on the process, & on what
they’re thinking. This stepwise
approach to thinking could help the
client remain focused, engaged, and
help avoid frustration & fatigue.

#7: OK. OK. Tell me something that's hard for you to
do at the moment. Complete this sentence: "At the
moment it's hard for me to..."

MI - focusing
SDT - Autonomy

SMART - approaching Specific aspect
from different angle

TBI — the reiterative style of the ECA
could help avoid cognitive fatigue &
could build trust in the client that the
ECA will track what they are wanting
and have already chosen.

Free text =
variable [hard to
do]

MI — identify barriers
SDT - Autonomy

SMART- starts to prepare linking in with
Meaningful aspect

TBI — allows client to focus upon their
current experience, rather than trying to
project a future hope and make a goal.
This option is important to provide for
the clients, because they may have
difficulties with planning for future
times, and in visualising possibilities.

#8: So, at the moment you find it's hard to [hard to
do]. That must be difficult. Rehabilitation can help
you with this. How would you like to focus on it in
your rehabilitation? You are welcome to describe
what you would like to focus on. Please don’t use ‘I
or ‘you’.

Please complete the sentence: "l would like to focus
juston ... (up to 7-10 words)". Placeholder = your
focus in rehab

MI — empathy, build
trust.
SDT

SMART - progressing with Specific
aspect

TBI — acknowledging & focusing upon
where the client is at currently- thinking
about the current situation can be
easier for people with brain injury than
trying to envisage the future.

Free text =
variable [focus for
rehab]

MI — desire for change
SDT — Autonomy

SMART - progressing with Specific
aspect
TBI — time to think things through

Free text =
variable [focus for
rehab]
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ECA dialogue iteration

Client-user’s
response to
dialogue iteration

Alternative
user
response
options to
dialogue
iteration

ECA dialogue
iteration
following
alternative user
response

Ml & SDT

SMART goal setting & TBI clinical
needs

#9: So you're interested in focusing on [focus for
rehab]?

MI — supports client-
centred choice-

SMART - confirming Specific details
TBI — checking the decision made,

making allowing client to review the decision
SDT
Click “Yes* MI — focusing;
reinforcing decision
made
#10: That's a great step. Tell me, why is it important MI — reiterating helps SMART - focuses on Meaningful
for you to focus on [focus for rehab]? You are to improve trust & aspect
welcome to describe why this focus for your rapport. Focusing in TBI — using alternative words apart
rehabilitation is important to you. Please don’t use ‘I’ on meaningfulness from goal setting & motivation allows
or ‘you’. [motivating factor] will | client to explore the process using
Please complete the sentence “My focus for rehab support ongoing cognitive processes in alternative ways
of [focus for rehab] is important to me because engagement and help
it...(up to 7-10 words)”. overcome barriers in
Placeholder = “reason my focus of rehab is the future.
important” SDT - Autonomy
Free text = SDT — Autonomy; SMART - this strengthens the

variable [why focus
is important]

allowing client to
identify key
information

Meaningful aspect

TBI — supporting the client to explore
their chosen area of rehab focus, to
identify why it is actually important for
them. These are two separate but
related cognitive efforts.

#11: | see. That sounds really important - you're
wanting to focus on [focus for rehab] which is
important to you because [why focus is important].

MI — building trust
through accurately
reiterating the
important think that
the client has said

Click “Yes”

MI — reinforcing
decisions made

TBI — pause and reflect moment

#12: What do you think of the idea of your
rehabilitation focusing on [focus for rehab]? Would
you like this?

MI — focusing;
supportive approach
SDT — autonomy;
reinforcing that the
client is able to
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Alternative

ECA dialogue
Client-user’s user iteration S | . linical
ECA dialogue iteration response to response following MI & SDT il R eerlEtE e 5 U e
X . . options to ; needs
dialogue iteration dialogue alternative user
: 9 response
iteration
choose the direction
of their rehab
Choose “Yes” Choose “No” MI — strengthens TBI — pause and reflect moment, to
Go to #14 commitment; and allow client to keep up with process of
alternatively allows conversation
disengagement — roll
with resistance
SDT - Autonomy
#13: That's great. The first step [client name], is to MI — supporting SMART - focuses on Meaningful
turn your idea for what you want to change into client’s early change aspect
something you want to do, something you want to thinking — i.e. the TBI — allows the client to think about
achieve. This then becomes your goal. steps before actual their rehab needs in an alternative way
goal is something that you're aiming for, something goal setting
you are wanting to change. What goal could help SDT - connectedness
you achieve changing [focus for rehab]? You are with ECA through
welcome to describe this goal for what you want to using client name.
change. Please don’t use “I” or “you”, Also, autonomy, in
Please complete the sentence: " | want to be able that the client is
to... (up to 7-10 words)". learning they can
Placeholder = “write you goal for what you want to |rr:1p_act ;h%focus of
do or achieve” their rehab.
Free text = Mi SMART - clarifies the Specific aspect
variable [main SDT — Autonomy, TBI — can focus clearly upon goal-
goal]. competence. Li k with | setting process from the beginning of
Go to #20 intrinsic motivation conversation, if they are ready to do so.
(From No response at #6 a/a, & from #12 a/a) MI- using different
#14: That's OK. | wonder [client name], when you wording to help client
started your rehab, did you have in mind something try to connect MI with
that you hoped you'd get out of it? what is intrinsically
motivating
Choose “Yes” Choose “No” SDT - Autonomy TBI — still providing opportunity for
Go to #18 client to not go down the path of

intrinsic motivation, as their brain
recovery may not yet allow for this.

#15: Okay. Can you tell me what you've hoped to
get out your rehabilitation? You are welcome to

MI — ongoing rapport
building by following
where the client
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Alternative

ECA dialogue
Client-user’s user iteration S | . linical
ECA dialogue iteration response to response following MI & SDT il R eerlEtE e 5 U e
X . . options to : needs
dialogue iteration dialogue alternative user
: 9 response
iteration
describe this hope for your rehab. Please don’t use wishes to go with their
“I” or “you”. responses
Please complete the sentence: " I've hoped that in
my rehab I'd be able to... (up to 7-10 words)".
Placeholder = “what | hope for in rehab”
Free text = MI — using client’s TBI — asking this question promotes in
variable [rehab own words, not para- the client time to reflect upon the deepr
hope]; phrasing intrinsic motivators. Linking to this
motivation will help recovery
#16: [client name], your hope to be able to [rehab SMART - appraising Meaningful aspect
hope] sounds really important to you. Is that right?
Choose “Yes” Choose “No” MI — clarifying,
Go to #18 focusing; ensuring
clear understanding of
client’s needs
#17: 1t sounds like you're ready to try working TBI — using variety of approaches to
towards that hope. Your rehabilitation can focus on focus on intrinsic motivation i.e. the
helping you work towards achieving what you've word hope; ad also to link in with hope
hoped for. The first step is to set a goal for achieving which has some early research
what you've hoped for in your rehab. Would you like supporting this aspect for recovery
to try setting this goal?
Click “Yes” Choose “No” TBI — regularly allow simple choice
Jump back to #5 Go to #18 making to reinforce client’s sense of

engagement in process of the ECA
conversation

(From No response at #14, #16 & #17 a/a)

#18: It seems it has been difficult for you to see your
way forward in rehab.

MI — empathy,
rapport, roll with
resistance

TBI — not demanding too much from the
person before they are ready; stage of
recovery from brain injury may not yet
allow planning and goal setting

Yes it has

MI — facing challenges

#19: It would be great for you to spend some more
time talking with your therapy team to explore what
rehab can do for you. Once you've had some time to
think about your rehabilitation goals, please link in
with this program again!

MI — supportive
approach, but
clarifying and focusing
where the person is
actually at currently
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Alternative

ECA dialogue
Client-user’s user iteration SMART | ina & TBI clinical
ECA dialogue iteration response to response following MI & SDT goal setting clinica
dialogue iteration GAOIS 1D alternative user MESES
9 dialogue
. : response
iteration
Click “OK” MI — self-
Jump to #37 acknowledgement of
current personal
situation
SDT -
connectedness: still
stating can ref=join
this program
(from #13 above) SMART - appraise Achievable aspect
#20: Let's talk about your goal of being able to [main
goal].
How confident are you that you can achieve your
goal of [main goal]? Please give it a score of a
number out of 10, where 10 out of 10 means
extremely confident, and 0 out of 10 means not at all
confident.
Score between 0- Score MI — honest appraisal | SMART — appraise Achievable aspect
10 between 0-10 of situation
(If <= 4 indicates (If >=5 SDT - competence
not confident) indicates
confident)
Go to #23

#21: Why are you not feeling confident? Please write
the main reason that causes you to struggle with
feeling confident. You are welcome to describe this
reason. Please don’'t use 'I’ or ‘you’ in your answer.

Please complete the phrase “The reason I'm not that
confident | can achieve my goal of [rehab goal] is
because of ... (up to 7-10words)”.

Placeholder = “reason I'm not that confident”

MI — empathy; identify
barriers; roll with
resistance

SDT - Autonomy

Free text =
variable [reason
not confident]

MI — identify barriers,
roll with resistance

#22: Would you like to focus on improving your
confidence by working on the reason for your low
confidence which is [reason for low confidence]?

SDT — Autonomy,
competency

SMART - ensuring Meaningful aspect

TBI — using alternative ways to help the
client think through goal setting
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Alternative

ECA dialogue
Client-user’s user iteration S | . linical
ECA dialogue iteration response to response following MI & SDT il R eerlEtE e 5 U e
- . . options to ; needs

dialogue iteration dialogue alternative user

. 9 response

iteration
Choose “Yes” Choose “No” SDT - Autonomy

Jump back to #10

Jump back to
#18

(From Confident at #20 a/a)

#23: That's great to hear you are feeling confident.
Being confident will help in your rehabilitation. Your
confidence can benefit from having someone who
can support you in achieving your goal. Who is
someone who can help you achieve this goal? This
support person can be anyone, except not your
health care professionals or RehabChat. Please

write your support person’s first name or nick name.

MI — reinforcing
overcoming of
ambivalence, &
making proactive
steps forward

SMART

TBI — using variety of words i.e. not just
motivation; galvanizing & supporting
confidence; confidence is essential for
improved learning

Free text = SDT -
variable [support connectedness,
person] autonomy
Go to #24
#24: How can [support person] help you? MI — focusing; SMART - reinforce Achievable aspect
identifying resources
SDT - Autonomy,
competency
Chose MI — making SMART - Achievable
“encouragement” achievable plans; TBI — encouraging reflection on what of
Go to #25 rolling with resistance; | support is most helpful to match needs
overcome apathy & preferences
SDT — autonomy,
competency
Choose MI — making
“reminders” achievable plans;
Go to #26 rolling with resistance;

overcome apathy

SDT - autonomy,
competency

Choose “do the
exercises and
activities with me”

Go to #27

MI — making
achievable plans;
rolling with resistance;
overcome apathy
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Alternative

ECA dialogue
Client-user’s user iteration S | . linical
ECA dialogue iteration response to response following Ml & SDT il R eerlEtE e 5 U e
X . . options to ; needs
dialogue iteration dialogue alternative user
: 9 response
iteration
SDT - autonomy,
competency
Choose “not sure” MI — making

Go to #28

achievable plans;
rolling with resistance;
overcome apathy
SDT — autonomy,
competency

#25 It would be great if [support person] could
encourage you. Would you like to talk to [support
person] about this, or do you want your therapist to
include this in your home program?

#27 1t would be
great if [support
person] could do
your
rehabilitation
program with
you. Would you
like to talk to
[support person]
about this, or do
you want your
therapist to
include this in

MI — roll with
resistance; empathy

SMART - ensure Specific & Meaningful
aspects are clear

your home
program?
#26 1t would be great if [support person] could give #28 That's OK
you reminders for your rehabilitation home program. that you're

Would you like to talk to [support person] about this,
or do you want your therapist to include this in your
home program?

unsure. Perhaps
you could focus
instead upon
what will help
you be
motivated to
achieve your
goal. After that
you could decide
if [support
person] could
help with your
motivation. How
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Alternative

ECA dialogue
Client-user’s user iteration SMART | ina & TBI clinical
ECA dialogue iteration response to response following MI & SDT goal setting clinica
dialogue iteration options to alternative user ECHS
9 dialogue
: : response
iteration
does that
sound?
For #25-28 above, the response options are all the Choose “I will talk Choose ‘I MI — stepwise forward | TBI — single -step decision making to
same as here... to [support want my planning for change avoid mental fatigue; option for having
person]’ therapist to SDT - Autonomy, it written as a prompt reminder on
include it in connectedness home program
my home
program”
#29 That sounds great. Their support will be really #30 That's fine. MI — positive SMART - making specific details for
helpful for your rehab. This can be reinforcement of goal
included in your | personally-set TBI — person chooses if they will benefit
home program decisions from doing it themselves or by having
for you. the prompt included in their home
program
Yes, | agree Great SDT - Autonomy TBI — step-wise confirmation of ideas
#31 Thanks for chatting about your rehabilitation! MI — confirming the TBI — orientation for stages of
You have set a very important goal of being able to plans made conversation
[main goal]. You have also identified that [support
person] can support you in your rehabilitation
program. Next we will talk a little about motivation
during your rehabilitation.
Sure MI — reinforce plans TBI — confirming each step to ensure
made keeping clear on each step
#32 What will help you feel motivated to achieve MI — strengthening SMART - achievable
your rehab goal of [main goal]? You are welcome to talk TBI — step-wise approach to planning
describe this below. Please don't use the words "I" SDT — Autonomy,
or "you". Please complete the following sentence - motivation factors
"The thing that will help me feel motivated to achieve
my rehab goal is ... (up to 7-10 words)".
Free text = SDT — Autonomy, TBI — specific personal need regarding
variable motivation factors motivational support

[motivating factor]

#33 Thank you for describing what will help motivate
you [motivating factor] to achieve your rehab goal.
How can [support person] help you with this? Please

MI — planning for
resources to help
ensure success

SMART - Achievable

TBI — choosing specific ways that are
tailored to preferences and needs
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Alternative

_ user _ECA Qialogue
ClEmtTeErs response e aon SMART goal setting & TBI clinical
ECA dialogue iteration response to : following MI & SDT
dialogue iteration GAOIS 1D alternative user ECHS
9 dialogue
. : response
iteration
describe this by completing the sentence: “[support SDT —
person] can help me be motivated to achieve my connectedness,
rehab goal by ... (up to 7-10 words)". autonomy
Free text MI — planning for TBI — identifying type of motivational
[motivational success support needs
support] SDT- Autonomy,
Connectedness
#34 That would be great if [support person] could MI — planning to make | SMART - achievable
support your motivation by [motivational support]. progress with TBI — need for motivational support
Would you like to talk to [support person] about this, supports, identifying
or do you want your therapist to include this in your resources
home program? SDT - connected; &
motivational aspects
| will talk to | want my MI — choosing ways to | SMART- get support for goal means it’ll
[support person] therapist to progress forward be more achievable
include it in SDT- autonomy TBI — stepwise decision making
my home
program
#35 That sounds great. #36 Sure. this MI — reinforce TBI — confirming each step decided
can be included | planning
in your home SDT - connectedness
program. That
sounds great.
Go to #37.
#37 We've almost reached the end of our chat — MI — rapport, TBI — allowing sufficient time to think
thank you very much for your time! After this reinforcement, through each phase before progressing
conversation, | will next catch up with you during exploring barriers to next phase
your practice times. Before we finish, did you want to SDT - autonomy
ask any other questions about your rehabilitation
goals?
Choose “Yes” Choose “No” SDT- autonomy TBI — each point of decision making is
Go to #45 not rushed

#38 Ok that's great. Please write your question
below? You are welcome to ask about anything to
do with your rehabilitation goals.

MI — explore barriers
SDT- autonomy

SMART - ensuring achievable &
relevant
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Alternative

user ECA dialogue
e TS response [EEIE SMART goal setting & TBI clinical
ECA dialogue iteration response to P following MI & SDT g 9
- . . options to ; needs
dialogue iteration dialogue alternative user
: 9 response
iteration
Free text = MI — considering the
variable [rehab way forward
question] SDT - autonomy
#39 Thanks for writing down your question about MI — affirmation, roll
your rehab goal setting. For this question — [rehab with resistance
question] — could your health care professional or SDT -
your support person [support person] help you with connectedness,
it? autonomy
Yes my health MI — support to TBI — simple problem solving supported
care professional overcome barriers
can help SDT - connected,
Go to #40 autonomy
Yes, [support MI — support to SMART - reinforcing planning to solve
person] can help overcome barriers queries in a way that is Achievable
Go to #41 SDT - connected,
autonomy
No, neither could MI — identify
help negatives, roll with
Go to #42 resistance
SDT - Autonomy
(From above) MI — confirming the TBI — reinforce planning made
#40 That's great. The therapist helping today can plan
follow this up with you. SDT — connectedness
Thanks MI — positive TBI — step-wise confirmations as
Go to #45 agreement progress through conversation
(From above) MI — planning the way | SMART — supports the set goals &
#41 That's great. Did you want to talk to [support forward achievable aspect
person], or would you like your therapist to include it SDT - autonomy TBI — choices that suit
in your home program?
| will talk to | would like SDT — Autonomy; SMART - clarifying information to
[support person] my therapist choice-making include on the home program to
Go to #43 to include it in support Achievability

my home
program
Go to #44
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ECA dialogue iteration

Client-user’s
response to
dialogue iteration

Alternative
user
response
options to
dialogue
iteration

ECA dialogue
iteration
following
alternative user
response

Ml & SDT

SMART goal setting & TBI clinical
needs

(From above)

#42 OK. It would be great if you could have some
help to answer your question. It may be worth talking
about this question with your rehab therapist, when
you’re ready to do so.

MI — reinforcing
positively the client’s
decision

TBI — progress at rate of change that is
comfortable for client

Thanks
Go to #45

TBI — a pause & reflect moment;
validating their choices and process
they’ve participated to

#43 That sounds great. It would be good for you to
talk with [support person] about your question.

MI — reinforcing
planning
SDT - connectedness

TBI — ensuring clear understanding of
process

Yes it will be good
to get the help

Go to #45

MI — reinforcing
planning, highlighting
the need to not only
identify supports u to
seek and receive the
support and help

SDT - connectedness

#44 That will be fine. Your therapist will include this
in your home program.

MI — reinforcing
planning
SDT - connectedness

Thanks — that'd be

MI — positive

great reinforcement of
Go to #45 planning of the plans
they’'ve made

(From #37, #40 & #43 ala) MI — positive TBI — orientating to each phase of
#45 That's fine. All the best with doing your rehab reinforcement; conversation
program! | will catch up with you during your practice acceptance
times. Bye for now!

Thanks! SMART - complete the goal setting

process
TBI

Legend: ECA = Embodied Conversational Agent; Ml = Motivational Interviewing, with key aspects of: rolling with resistance; define motivational goal; plan change; persist despite
setbacks; monitor progress; SDT = Self-Determination Theory tenets of: Autonomy; Connectedness; Competence; SMART = goal setting pneumonic Specific, Measurable, Attainable,
Relevant, Time-bound; TBI = Traumatic Brain Injury, and key clinical issues of: concentration; fatigue; pain; dizziness.
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RehabChat Beta Testing = User Guide JHocking, FOHRC, CNHS Beta Testing, June 2020
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RehabChat: Motivational Chatbot for Brain Injury Rehabilitation — User guide

1 Overview of RehabChat

RehabChat is a chatbot App designed to motivate adults with mild traumatic brain imjury during their rehabilitation.
It is being developed as part of Judith Hockdng’s PhD within the Finders Dighul Health Research Centre. RehabChet I
the first time a chatbot has been developed to support motivation in adults with brain imjury. 5o far it has undergone
Alpha Testing, which focused on improving technical aspects and general usability. RehabChat is intended to be pilot
trialed at the Early Management of Mild Brain Injury Rehabilitation Service (EMMBIRS) based at the Repatriation
General Hospital. It is envisaped RehabChat will be used on iPads or tablet devices, alongside usual rehabilitation

care, and with clinician oversight.

1.1 The way RehabChat is used

The main purpeses intended for using RehabChat are to provide the client-user with a motivational conversation
which focuses upon their rehabilitation priority, and to clarify this priority as a real poal which will be addressed in
during their rehabilitation, RehabChat supports the dient's mothation srd persistence W do thelr prescribed
exercises. The dinkdan carries dinkeal meponalblty for the disnt’s cane.

There are some criteria which must be met prior to a client being able to use RehabChat

- The client must already be receiving rehabilitation care at EMMBIRS
- One of their therapists must cormit to prowviding dinkal eversight of the diet’s wee of Re babChert
o This therapist needs to have received training by a RehabChat researcher to understand how
RehabChat works
o This therapist will provide dinical oversight which includes
=  Monitoring the dient's wellbeing when using RehabChat
= Ensuring that any required information is provided for using RehabChat, for example
completing details for home program activities; and if needed communicate with a
RehabChat researcher about any problems which arise.

1.2 What is included in the RehabChat conversation?
A RehabChat conversation comprises the following main parts

- Define the main pricrity and why it is motivating for the client

- Turn the priority into a rehabilitation goal

- (then the dient and dinician work together in the clinic to devise a home program)
- Enter details of the home program into Rehabchat

- RehabChat supports home practice of the program

- RuhabChat anables review of the dient's progres overall

1.3 Limitations of RehabChat
RehabChat does not provide clinical advice nor does it resolve dinical challenges. RehabChat must be used with
dinician oversight.
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RehabChat Beta Testing = User Guide J Hocking, FDHRC, CHHS Beta Testing, June 2020

2 RehabChat Beta Testing

Beta testing of RehabChat is focused upon the its dinical relevance and acceptability; with attention given to the
perspectives of clinicians and clients. Participants will practice using the RehabChat prototype, and provide written
feedback using the provided feedback form. All feedback will be treated anonymously and considered equally. Beta
Testing recommendations will be integrated within the design of RehabChat wherever possible. Ethics Committee
approval is not required for Beta Testing.

3 Your involvement in RehabChat Beta Testing

You have been invited to participate in Beta Testing because you are a Flinders University researcher or PhD
candidate with an interest in brain injury clinical researdh utilising digital technology. If you participate, you will
practice using RehabChat for 20-30 minutes, and think about your perspectives regarding clinical relevance and
acceptability. You will then write you perspectives and recommendations onto the Feedback form supplied and
email this form back to Judith Hocking (####2+#). You will need access to a computer or tablet device, and a web
browser (not Internet Explorer). You should not share RehabChat with other people or sites.

4 How to use RehabChat
1. You will receive an email from S#E5EE
a. This email will include the e-link for the prototype chatbot, and the Feedback Form
Open the email on the laptop or desktop computer that you intend to use for trialling the chatbot
Click on the e-link for the prototype chatbot
The chatbot Wil opan in a window an yaur compuiar's web browsar
When the chatbot opens on your screen, it will look like this:

o b

= . . . . . —

=

o, e IR L R L L E - e L = |

6. Click on the chatbot icon.
7. The chatbot will open on your screen and look like this:

A0 8w & B & I

LIEE . NS S TR RN LY E R T - |

a. If you cannot see all of the humanoid figure, try decreasing the magnification of your screen by zooming
down so that you can see all of the humanoid character.
2
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B. Follow the prompts of the chatbot to commence your conversation.

5. Stopping your conversation, and recommencing it
a. When using RehabChat you can stop your conversation at any point and recommence it again later
i. To recommence at the same point in the conversation

Fratly, you nexd te stop the Reha bChat conversation by cliddng on the *X° in the top right
comer of the RehabChat interface. Alternatively, you can dose your internet browser window.

To recommence your conversation, you just need to re-open RehabChat using the URL already
sent to you.

a. To restart the conversation from the beginning

If you would like to restart your conversation from the beginning, you need to clidk n the droular amow
refresh’ butten Tn the top right of the RehabChat inberiace. Please nate that ciddng on the nefresh button
will clear RehabChat of all of your previous entries, and so it is not recommended unless really needed.

10. Answer all of the questions in the conversation.
11. Complete the chatbot conversation.
12. Make notes of your feedback directly onto the Feedback Form. Return your completed feedback form to

Thank you for your involvement!
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Appendix VIII: Co-design workshops — Ethics approval

Below are copies of the approval letters from the Central Adelaide Local Health Network CALHN Human
Research Ethics Committee (HREC) for Ethics approval and site-specific governance approval.

Health
Central agciaide
ariEamvitmis  Loral ealth Hetaork

- Ceniral Adelskde Looal Health Natwork

Approval Date: 20 July 2020

Prof Anthony Maeder Morth Termce

Flinders Digital Health Research Centre Adeinide. 34, 5000

COLLEGE OF MURSIMNG AMD HEALTH SCIEMCES FAH Tal 08 7117 2223
TQEHEHITe 08 5227 6841

Dear Prof Anthony Maeder Henin CALHNResearchEhic .00y
vy el 53.00v.0U

CALHN Reference Number: 13700 AEM: S5 J68 535 412

Project Title:  The Development of a Motivational Embodied Conversational Agent for Braim Injury

Rehabilitation

Human Research Ethics Committee APPROWVAL

Thank you for submitting the above project for ethical and scientific review. The application was first
considered by the Cenfral Adelaide Local Health Metwork Human Ressarch Ethics Committee (CALHMN
HREC) at its meeting held on 04 Aprl 2020

The CALHM HREC has reviewed all responses, and | am pleased to advise that the application has been
granted full ethics approval. The project meets the requirements of the Mafional Stafement on Ethical
Conduct in Human Research (2007) updated 2018

The documents reviewed and approved include:

Document Version Date
HREA Application - ALV1/224B318 - 30 March 2020
Caowver Letter - -

Protocol 2

Participant Information Sheet'Consent Form - Client 3 02 July 2020
Participant Information Sheet'Consent Form - Clinician 3 02 July 2020
Phone process obtaining initial consentre-negotiating consent - -

Demographic Questionnaire for clients - -

Demographic Questionnaire for clinicians - -

Guide for conducting co-creation workshops - -
Promoticnal brochure - -
Promaotional poster - -
Supporting Documents:

» Investigator CV — Anthony Maeder »  Investigator CV — David Powers

a Investigator CV — Belinda Lange » Investigator CV - Lua PerimalH ewis
» Investigator CV — Maggie Killingion = Imvestigator CV — Judith Hocking

Response to request for further information - email - 27 April 2020
Response to request for further information - email - 20 July 2020

Sites covered by this approval:

Site State | Investigator
Sowth Australian Brain Injury Rehabilitation Senvices (SABIRS),

Early Management of Mild Brain Injury Rehabilitation Services SA | CPL Prof Anthony Maeder
(EMMBIRS).

Souwth Australian Brain Injury Rehabilitation Services (SABIRS),
Early Management of Mild Brain Injury Rehabilitation Services SA | Pl: Dr Maggie Hillington
(EMMBIRS).

CALHM HREC approval is valid for 5 years from: 20 July 2020 to 20 July 2025

13007 Maeder - Approval Letter
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GENERAL TERMS AND CONDITIONS OF ETHICAL APPROVAL -

1. For all climical trals, the project must be registered in a publicly accessible trials registry prior to
enmiment of the first participant

2. The CALHM HREC is certified by the NHMRC for Mational Mutual Acceptance of Single Ethical and
Scientific Review. The CALHMN HREC is the reviewing HREC for the purpose of this ethics approval.
Any project sites that are not listed on this letter are not covered by this ethics approval. Any project
sites that wish to be added must contact the CPI, who must formally request the additional sites to be
added by CALHM HREC.

3. Researchers must notify the CALHM HREC of any events which might warrant review of the approval
or which warant new information being presented to research participants, including:
a) adverse events which warmant protocol change or notification to research participants;
b} changes to the protocol;
c} changes to the safety or efficacy of the investigational product, device or method;
d) premature termination of the project.

4. All all clinical trials approved by the CALHN HREC must comply with the NHMRC Guidance on Safely
Ml:lrumlmga'm' Hepcrfmg in Gj'mruaf Tn#& irnrd'rrng Tﬁempeu!m Gmdﬂ {Mvemba'zﬂfﬁ)

5. The CALHN HREC must be noiified within 72 hours of any Urgent Safety Measures (USkMs) occurming
at this or any approved sites.

Confidentiality of the research participants must be maintained at all imes as required by law.

Adeguate record keeping is important and must be maintained in accordance with Good Clinical
Practice, NHMRC and state and national guidelines. If the project imvolves. signed consent,
researchers must retain the completed Consent Forms which relate to this project and a list of all those
participating in the project to enable contact with them in the future if necessary. The duration of record
retention for all clinical research data is 15 years from completion of the project.

Approval is valid for 5 years from the date of this letter after which an extension must be applied for.

Annual Progress Reports must be submitted to the CALHN HREC, every 12 months on the
anniversary of the above approval date. The Coordinating Principal Investigator for all multi-site
projects or the Principal Investigator for single site projects must provide reports of the progress of the
project at least annually, and related to the degree of risk to participants. The report is due on the
anniversary of HREC approval. Continuation of ethical approval is contingent on submission of this
report, due within 30 days of the approval anniversary. Failure to comply may result in suspension of
the project.

10. A Final Report must be submitted to the CALHN HREC on completion of the project and for all
site closures. The Coordinating Principal Investigator for all multi-site projects or the Principal
Investigator for single site projects must provide a final report of the outcome for completed reseanch
projects and for all site closures. A copy of any published material must also be provided with the
report, or following when available.

You are reminded that this letfer consfifutes efhical approval only. Youw must not commence this

research project at any site unfil separafe authorisation from the Chief Executive or delegafe of that

sife has been obfaimed. Fnrarrrqms pleaﬁemﬂaciﬂ:eﬂﬁiﬁ‘lﬂmnﬂeﬂﬂiﬂe

The CALHMN HREC is constituted in accordance with the NHMRC's Nafional Statement on the Ethical
Conduct of Human Rezearch (2007) incorporating all updates.

Should you have any gueries about the CALHN HREC s consideration of your project, please contact the
CALHN HREC Support Officer on 08 7117 2229, or Health. CALHNResearchEthicsfsa.gov.au.

The CALHM HREC wishes you every success in your research.

‘ruursfnuemly
,\_, .I' oK 'F.'
J:_.r !
indall

Chiair, Human Research Ethics Committes

Central Adelaide Local Health Metwork

13007 Maeder - Approval Letter
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31 July 2020

Health

Cemtal adoialdz
et | Local Heaktn detamrk

Central Adslalde Local Health Metwork
Research OMce

Lewsl 3, Roma Mitchall House

Morth Termace, Adelaide 5A

Australla 5000

T:08 717 2208

Prof Amthony Maeder T: DA 5222 6ad1

Flinders Digital Health Reseanch Centre

COLLEGE OF NURSING AMD HEALTH SCIEMCES ) E:

Dear Prof Masder,
CALHN Reference Mumber: 13007

Project Title: The Development of a Motivational Embodied Conversational Agent for Braim Injury
Rehabilitation

RE: Governance Heview

Thank you for submitting an application for authonsation of this project. | am pleased to inform you
that authorisation has been granted for this study fo commence at the Sowuth Awustralian Brain
Imjury Rehabilitation Services, SA

Authorisation is valid from 31 July 2020 to 31 July 2022, Proposed extensions beyond this term
must be submitted as an amendment to the CALHN Research Office.

The following conditions apply to the authorisation of this research project. These are additional to
those conditions imposed by the Human Research Ethics Committee (HREC) that granted ethical
approval to this project:

1.  Awuthorisation is limited to the sitels identified in this letter only.

2. Project authorisation is granted for the temm specified above.

3 The stdy must be conducted in accordance with the conditions of ethical approval
provided by the lead HREC, SA Health policies, and in conjunction with the standards
outlined in the National Statement on Ethical Gonduct in Human Research (2007) and the
Australian Code for the Responzible Conduct of Researnch (2007).

4. Proposed amendments to the research protocol or conduct of the research which may
affect the ethical acceptability of the project, and which are submitted to the HREC for
review, are copied via email to the CALHM Reseanch Office;

5. Proposed amendments to the research protocol or conduct of the research which only
affects the angoing site acceptability of the project, are o be submitted via email to the
CALHMN Research Office;

8. For all clinical trials, the study must be registered in a publicly accessible trials registry
jprior to enrolment of the first participant.

7. Proposed amemndments to the research protocol or conduct of the research which may
affect both the cngoing ethical acceptability of the project and the site acceptability of the
project are to be submitted fo the CALHM Research Office afier a HREC decision is
made.

B. A copy of this letter should also be maintained on file by the Coordinating Principal
Investigator as evidence of project authorisation.

B. Motification of completion of the study at this site is o be provided to the CALHM
Research Office.

You are reminded that continuation of governance approval is confingent on submission of
the Annual Progress Report to the reviewing HREC, a copy of which must be submitted to

the CALHM Research Office along with acknowledgement of the report by the reviewing
HREC. Failure to comply may result in suspension of the project.

13007 govemnance appowval lethar docx 1|jPage
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If University perscnnel are involved in this project, the Principal Investigator should notify the
University before commencing their research to ensure compliance with University requirements
including any insurance and indemnification requirements.

We wish you every success in your research project.
Wours sincerely
AT e

Bemadette Swart
Manager, CALHM Reseanch Office
Ph: 7117 2209

Email: Health.CAL HMResearchGovemance@sa.gov.au

13007 govemance approval lether docy 2|Page
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Appendix IX: Co-design workshops — Information & consent form for

clinicians

Flinders Digital
o Health Research
S Centre

UMIwEESITY

Participant Information Sheet/Consent Form for Clinicians

| Health/Social Science Research - Aduit providing own consent |

Early Management of Mild Brain Injury Rehabilitation Service, RGH, Daw Park

The Development of a Motrvational Embodied

Title Conversational Agent for Brain Injury Eehabilizhion
i’ Developing a Motivational FehabChat App for Brain

Short Title Tnjury Rehabilitati

Protocol Number 13007

Project Sponsor Professor Anthony Maeder

Coordinating Principal Investigator Mrs Fudith Hocking

Principal Investigator

Dr Lua Perimal-Lewns, Prof David Powers, A/Prof
Belinda Lange

Early Management of Mild Brain Injury
ERehabilitation Semice (EMMBIRS), and Brain Injury

Associate Investigator(s)

Location Rehabilitation Community and Home, South (BIRCH
South), Repatriation General Hospital, Daw Park SA.

Part 1 What does my participation involve?

1 Introduction

You are mmvited fo take part i thes research project called Developing a motivational RehabChat App
for Brain Injury Rehabihitation. You are able to participate because you are a clinician who 15 currenthy
working at EMMBIRS or BIRCH South.

Thas Participant Information and Consent Form tells vou about the research project. It explains the
processes mvolved with taking part. Enowing what 15 mvolved will help you decide if vou want to take
part n the research.

Please read this infiwmoption corefilly. Ak questions syt axything thet yon doos"c yndomtand or waat b
know more about. Before deciding whether or not to take part, you mght want to talk about 1t with 2
relative, fnend or co-worker.

Farticipacion in this ressanch 1n valomary. B you don't wish to mdcs part, yon don"c have &,

If you demide you want to take part in the research project, vou will be asked to sign the consent section.
By signing 1t vou are telling us that vou:

» Undersiand what you have read

* Consent to take part in the research project

Participant Information Sheet/'Consent Form Version 6, 18-2-241 Page 1ol &
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» Coneent to be involved in the research described
» Consent to the use of your personal and health information as descnbed.
You will be given a copy of this Participant Information and Consent Form to keep.

2 What is the purpose of this research?

The amms of this project are to leam about the needs of EMMBIRS or BIRCH South clients regarding
their rehabilitation goals and recovery, and to develop a motivational RehabChat App which supports
these needs.

- The RehabChat App is computer-based and can have simple conversations with a person. It can be
designed to support motivation and recovery for EMMBIRS or BIRCH South clients. Motivation is
important for brain injury rehabilitation. A motivational RehabChat App could help improve recovery
after bramn mjury. Thus 15 the first time that a motivational Chat App has been developed for brain injury
rehabilitation.

Using a hand-held device How the RehabChat App may look

T yau Svragd sboct & o bae iy
| arcc-ber s you nyzer il

Pere oot bary
WTA TN (ORI SR W TN
)

s mde s lva noaddi woatehvie
T svdenw.
LT TR S B

The project researcher Judith Hocking will speak with current and discharged chients of EMMBIRS or
BIRCH South, and with chnicians from EMMBIRS or BIRCH South, about brain mjury rehabilitation
goals, motivation and recovery, and how to design the RehabChat App. Four workshops will be held at
EMMBIRS and/or BIRCH South for these discussions. A second project researcher, Lua Pennmal-Lewns,
may also be mvolved in these discussions.

The results of this research will be used by Judith Hocking to obtam a Doctor of Philosophy degree. This
research has been imtiated by, and will be conducted by, Judith Hocking and the Flinders Digital Health
Research Centre, Flinders University (FDHRC).

3 What does participation in this research involve?

If you are interested in taking part in this research. you will be asked to read and s1gn a consent form
before any part of the study 1s completed.

Four rounds of co-creation workshops will be conducted either face-to-face or using tele-conferencing.
Face-to-face workshop meetings will take place in a private meeting room at the Early Management of
Mild Brain Injury Rehabilitation Service (EMMBIRS) or Brain Injury Rehabilitation Comnmmity and
Home, South, (BIRCH South). Daw Park SA. Tele-conferencing workshop meetings will require you to
use a mobile device or computer.

Participant Information Sheet/Consent Form Version 6, 18-2-21 Page20f6
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Each workshop mesting will last one hour, and be held about monthly. You will be requored to aftend and
participate m four workshop mestngs.

Datails of the four workzhops:

- All parbicipants will have equal opportunity to speak.

- You will be mmvited to discuss recovery following bram mpury, rehabitation goals, and motvation.

- ¥ou will be able to try out the RehabChat App and prowide feedback about its design.

- For the first three workshops, you will mest with up to 4 other climicians. Separate meetings will be held
for current and recently discharged (within the past month) chents, and for pnior chents discharped i the
previous 1-3 momnths.

- Ome fmal workshop will be held with all chent participants, and also with up to 5 clmicians from
EMMEIRS and BIECH South, meetmg together.

- After each workshep, the researchers will update the design of the RehabChat App according to what
the parficipants have recommended.

- Bow the ' Flow-chart of how the workshops will ba nm* below.
Flow-chart of how the workshops will be rnm:

Alber each subsequent

' ™ workshap, researchers - -~
. 1st ksh contirue te make ]
stwaorkshop charges bothe  Final Ath
#Seepara ke meotings for RehabChat App workshop
clients B staft '
Al partclparts up to
“Upla 5 zeeplein cuck * 2nd & 3rd 15 jeintogetheral a
roliscuss motivational workshaops single miesling
nesds af clients during =izparate meetings for *Try outthe updated
rehabilitaticn clicnts & staff RehabChal A
*Llzz RchabChat Aog *Ugto 5 peeple incack *Make fingl change
sBecunmuend changes #Try-oul the updated suppeslion s Tor changs
RehabChatAcp eLizcussclinic Appuse
After the 1=t warkshop, *Recommend changes B

researchers revicwthe | » Diiscuss clinic App use After the Sinal warkshop,
foodback & update the ! o researchers finalize
RehabChatApp RehabChat App desizn &

b

modea” usefor later
pilottrial

Thas research project has been designed to make sure the researchers mterpret the results in a fair and
appropniate way and avoid jumping to conchisions. We will audio record the workshops so that

in publications or presentafions. No idenfifying information of the parficipants will be shared cutzide of
the project, nor in any report or other write-up or presentafion of the project.

Followmg completion of the stedy, you will not bave any follow-up from the research team_ There are no
costs associated with participating in this research project. You will receive a $25 Coles-Myer pift card at
the final workshop.

4 Other relevant information about the research project

Participant Information Sheet'Consent Form Version 6, 15-2-21 Page 3ofd
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Up to 15 participants will be tzking part i thes project at EMMBIRS and/or BIRCH South: up to 5
cwrrent chents, up to 5 discharged clients, and up to 5 chimeoans.

5 Do | have to take part in this research project?
Participation in any research project is voluntary. If vou do not wash to take part, you do not have fo. If
you decide to take part and later change vour mund, you are free to withdraw from the project at any stage.
If you do decide to take part, vou will be grven this Parbicipant Infoemation and Consent Form to sign and
vou will be ziven a copy to keep.

Your decision whether to take part or not, or to take part and then withdraw, wall not affect vour climeal
care at EMMBIRS or BIRCH South, or your relahonship with staff at EMMBIES or BIRCH South, or

G What are the possible benefits of taking part?

There are no direct benefifs to vou from vour parbopation o this research: however, your parbcipahon
will coninbute to developng a metivational RehabChat App for use by people with a bram ijury.

T What are the possible risks and disadvantages of taking part?

Dhnng the workshops you mav become fired. If so, vou can take a rest break. You may feel that some of
the gqueshions we ask durmg the workshops are distressing; 1f s0, vou may fake a rest break and return
when you feel comfortable. Plaase lat the facilitators know 1f you nesd to take a rest dunng the workshop
or leave early. If you do not wish to answer a queshon, vou may remain qmet. If need, you mizy hke to
comntars *Boyend Bine” swlophone comnaedling on Free call 1800 010 630, The reasarch cam will not
provide any counsalling,

While the researchers do not expect these nisks to be present duning the study, if fhus happens to you
during the research project vou may take a rest break or disconfinue vour parhicipation in the workshop.
Your safety 15 mmportant to us. You can fell us if you are womed or feel wneomfortable about anythmg
during the project.

Confidentiality

The research team will keep data and information confidential and secure. Whilst all care will be taken to
maintain privacy and confidentiality, vou may expernience embarrassment if one of the group members
were to repeat things said in a confidential proup meeting.

8 What if | withdraw from this research project?

If you do consent to participate, you may withdraw at any tome.  If vou decide to withdraw from the
project, please nohfy a member of the research feam before vou withdraw. If vou do withdraw, you wall
be asked to complete and sign a *Withdrawal of Contant' foam;, this wall be provaded to you by the
research team

If you decide to leave the research project, the researchers will not collect additional information from
vou Information already collected will be retamed to ensure that the resuli= of the research project can be

anakysed properly and to comply with law. You should be aware that data collected up fo the time you
withdraw will form part of the research project results.

9 Could this research project be stopped unexpectedly?

Thas research project may be stopped unexpectedly for a vanety of reasons. These may include reasons
such as research member's becoming 1ll. As well, the researchers may recommmend that you cease your
mvolvement in the workshops if this 15 m vour best interests.

10 What happens when the research project ends?

At the end of this study, we can provide you with a summary report of the research so that vou can be
aware of the cutcomes. Indradual results will not be available. If vou are inferested m receiving a
summary of the study findimgs, please discuss with the researcher. We wall also ask vou if vou wash to be
Participant Information Sheet'Consent Form Version 6, 15-2-21 Page dof §
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contacted for participation in a fiture palot trial of the RehabChat App at EMMBIRS and BIFCH South
The research feam will otherenze not make any contact with vou after the project ends.

Participant Information Sheet'Consent Form Version 6, 158-2-21 Page Saofd
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Part 2 How is the research project being conducted?

11 What will happen to information about me?

By sigmny the consent form you consent to the research team collechng and wsmg personal mfcrmation
about you for the research project. Aoy mformation obtained i connecton with this research project that
can 1dentify you will remaim confidential. Your information wall only be used for the purpose of ths
research project and 1t will only be disclosed wnth vour permission, except as required by law.

The personal information collected m this project 15 mdridually identifiable, and will nchede: your name,
contact details, age, gender, and occupation/vocation details. Dhning this project, your medical / health
records will not be reviewed at all In the workshops, participant= will be instructed to only use their first
name or mckname, and fo ot share personal information

Aundio recordings will be taken of the workshop diseussions. The audio data will be transcribed indo fext.
from the fransenbed text. Due to the nature of thas project, 1t will not be possible for vou to review the
specific data of your contnbutions. This 1s because the audie recordings made during the workshops wall
nehode ofl partiolpants” tipot,

Information and data obtaned dunng this project wall be stored securely and confidenfially on the
Flinders Unoversity Cloud drve under password control. Any paper records will be filed in a locked filmg
cabmet at the Flinders Dheital Health Research Centre. Only the research team wnll have access to the
data. All records and data from thas project will be deleted or destroved after five yvears from the
completion of the project or from the date of pubhcation of ths research.

Dhunng the workshops, vou will be able to use the EehabChat App. The softerare company = Clevertar -
micaor the: dete oof the BehabChat App bedng waad. Clinvtrtar” s priwscy statonicnt con b S ot
hittps:f'wrorw. clevertar. com/po ~policy! . Chevertar*s terms of use can be found at

5-!fwrarw. clevertar com/wp-confent uploads 20 1810/ Clevertar-App-User- Terms Oetober- 201 8.

It 15 anticipated that results of this project will be published and/or presented in a vanety of forums, and
about vou in published reports or presentations about this research project, or m future research which
uses information and resulfs from this project.

Any information obtamed for the purpose of this research project and for the fifure research desenbed
that can identify yvou will be treated as confidential and securely stored.

12 Complaints and compensation

If you suffer any distress or psychological stress as a result of this research project, you should contact the
research team as soon as possible. You will be assisted with armranging appropnate treatment and support.
You are welcome to discuss your needs by contacting your treating bealth professional, or Beyond Blue
(ph 1300 224 636). Thas research 1s covered by Flinders Unmversity Indemmity Insurance.

13 Who is organising and funding the research?

The FDHEC 15 orgam=ing this research. Mo funding 15 being recerved for this project. Mo member of the
research team will recerve a personal financial benefit from your mmveolvement in this research project
{other than thew ordmary wages). You or your famaly will not benefit financially from parbopating o thas
research project even if, for example, knowledge gamed from the project proves fo be of commercial
valee to Flinders Unmversity, or leads to discovenes that are of commercial value to Finders University,
14 Who has reviewed the research project?

All research m Awstralia mvolving bumans 15 eviewed by an independent group of people called a
Human Research Fthies Commttes (HEEC). The Central Adelaide Chnical Human Research Ethies
Commuttes has reviewed and approved this project.

Participant Information Sheet'Consent Form Version &, 15-2-21 Page G of &
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Thas project will be camed out according to the National Statement on Ethical Conduct in Human
Rasearch (2007). This statement has been developed to protect the mterests of people who agree to
participate m buman research studies.

15 Further information and who to contact

The person you may need to contact will depend on the nature of your query. If you want any further
mformation concerming this project or if you have any problems which may be related to your
mvolvement i the project, vou can confact the researcher on (08) 8201 2226,

Research contact person

Mame Judith Hockmg

Position Lead Researcher, PhD) Candidate, FDHR.C
Telephone s

Email e i

For matters relating to research at the site at which you are participating, the details of the local
site complaints person are:

Complaints contact person

Mame ===
Position Razearch Cocrdmator, SABIRS including EMMBIRS and BIRCH South
Telephone e
Email s

If you hawve any complaints about any aspect of the project, the way it iz being conducted or any
questions about being a research participant in general, then you may contact:

Reviewing HREC approving this research and HREC Executive Officer details

Reviewing HREC name CALHN Human Ethics Commitiee
HREC Executive Officer Chair, S

Telephone ===

Email e s

Local HREC Office contact

Mame ===
Position Manager CALHN Research Office
T
Telephone
) T
Email
Participant Information Sheet'Consent Form Version 6, 18-2-21 Page Tol 6
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: Flinders Digital
H Health Research

FI“ lers Centre

CEEBITT

Consent Form - Aduit providing own consent
The Development of a Motrvational Embodied

Title Conversational Agent for Brain Injury Rehabilitation
: Developing a Motivational RehabChat App for Brain

Short Title Injury Rehabilitat

Protocol Number 13007

Project Sponsor Professor Anthony Masder

Coordinating Principal Investigaton M= Fudith Hocking

Principal Investigator
D Lua Peromal-Lewas, Prof David Powers, A/Prof
Belinda Lange
Early Manapement of hMild Bramn Injury
Locati Eehabilitation Service (EMMBIE.S), and Brain Injury
cation Rehabilitation Community and Home, South (BIRCH
South), Repatnation General Hospatal, Daw Park SA.

Asszociate Investigator(s)

Declaration by Participant

| have read the Participant Information Sheet or someone has read it to me in a language that |
understand.

| understand the purposes, procedures and risks of the research described in the project. 1
understand that audio recordings will be taken of each meeting group and that the recording will
be franscribed to text and de-idriified”.

| have had an opportunity to ask questions and | am safisfied with the answers | have received.

| freely agree to paricipate in this research project as described and understand that | am free
to withdraw at any time during the project without affecting my future care.

| understand that | will be given a signed copy of this document to keep.

Mame of Participant piease print)

Signature Date

Declaration by Rescarcher!
| have given a verbal explanation of the research project, its procedures and risks and | believe
that the participant has understood that explanation.

Name of Researcher? [pesse print)

Signature Date

1 An appropriately qualified member of the research team must provide the explanation of, and information
conceming, the research project

Mote: All parties mgrlng the conzent section must date their own signature.
Participant Information SheetiConsent Form Version 3, 27-8-20 Paged of 1
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Appendix X: Co-design workshops — Information & consent form for clients

r".\*a.:é
Flinders Digital
i Health Research
Flinders Centre

LAHIwERSITY

Participant Information Sheet/Consent Form for Clients

| Health/Social Science Research - Aduit providing own consent |

Early Management of Mild Brain Injury Rehabiltation Service, RGH, Daw Park

The Development of a Motrvational Embodied

Title Conversational Agent for Brain Injury Rehabilitation
) Developing a Motivational FehabiChat App for Brain

Short Title Tnjury Rehabilitat

Protocol Number 13007

Project Sponsor Professor Anthony Maeder

Coordinating Principal Investigator M= Fadith Hocking

Principal Investigator

Associate Investigators) g’ﬂﬁi"’mm'h““’ Prof David Powers, A/Prof

Early Management of Mild Bramn Inpary

Locati Rehabilitation Service (EMMBIRS), and Brain Injury
cation Rehabilitation Community and Home, South (BIRCH

South), Repatniation General Hospital, Daw Park SA.

Part 1 What does my participation involve?

1 Introduction

You are imvited to take part in thus research project called Developing a motivational KehabChat App
for Brain Injury Rehabilitation. You are able to participate becanse you are aged 18 years or older, and
vou are a current client of EMMEBIRS or BIRCH South, or vou have received care from EMMBIES or
BIRCH South within the last three months.

Thas Participant Information and Consent Form tells vou about the research project. It explains the
processes involved with taking part. Enowimng what 15 mvelved will help vou demide if vou want to take
part in the research.

Plezpe read fis inforomstion carefully. Ak qoestions sbout axything that you don’t undestand o went to
know more about. Before deciding whether or not to take part, vou mght want to talk about 1f with a
relative, fiiend or co-worker.

Petivipation i iy reguarch ip vobptary, By don™ weish to teloy part, yoo don® heve £,

If you decide you want fo take part in the research project, vou will be asked to sign the consent section.
By sigming it you are telling us that you:

* Unierytared wehat yom have road

Participant Infoemation Sheet'Consent Form Version 6, 18-2-21. Page fof 6
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» Consent to take part in the research project

» Consent to ba invelved i the research desaribed

» Consent to the use of your personal and health information as descnbed.

You will be given a copy of this Participant Information and Consent Form to keep.

2 What is the purpose of this research?

The aims of this project are to investigate whether we can improve the expenience for EMMBIRS and
BIRCH South clients when you set your rehabilitation goals, and potentially enhance your motivation and
recovery, by developing a motivational RehabChat App.

- The RehabChat App is computer-based and can have simple conversations with a person. It can be
designed to support motivation and recovery for EMMBIRS and BIRCH South clients. Motivation is
important for brain mjury rehabihitation. A motivational RehabChat App could help improve recovery
after brain mjury. Thus 15 the first time that a motivational Chat App has been developed for bramn mjury
rehabilitati

Using a hand-held device How the RehabChat App may look

Haw can | hadp you?

SR R DR B

Ieae rtle s lve wanldlo ot
| invavleny
Ve e NN Ian

nnaseh

= o

The project researcher Judith Hocking will speak with current and discharged chients of EMMBIRS and
BIRCH South, and with chimicians from EMMBIRS and BIRCH South, about brain injury rehabilitation
goals, motivation and recovery, and how to design the RehabChat App. Four workshops will be held at
EMMBIRS and/or BIRCH South for these discussions. A second project researcher, Lua Perimal-Lewns,
may also be mvolved in these discussions.

The results of this research will be used by Judith Hocking to obtam a Doctor of Philosophy degree. This
research has been imtated by, and will be conducted by, Judith Hocking and the Flinders Digital Health
Research Centre, Flinders University (FDHRC).

3 What does participation in this research involve?

If you are interested in taking part in this research. you wall be asked to read and s1zn a consent form
before any part of the study 1s completed.

Four rounds of co-creation workshops will be conducted either face-to-face or using teleconferencimg.
Face-to-face workshop meetings will take place i a pnivate meeting room at the Early Management of
Mild Brain Injury Rehabilitation Service (EMMBIRS) or Brain Injury Rehabilitation Commumty and
Home, South, (BIRCH South), Daw Park SA. Tele-conferencing workshops will require you to use a
mobile device or computer. You are welcome to mvite a family member, fnend or carer to be with you
duning the workshops if you would like, however that person would not participate in the workshops.

Participant Information Sheet/Consent Form Version 6, 18-2-21. Page20f6
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Each workshop mesting will last one hour, and be held about menthly. You will be required to attend and
participate m four workshop mestngs.

Dietails qf the four workzhops:

- All participants will have aqual epportumty to speak

- You wnll be mvited to discuss recovery following brain mjury, rebabilitation goals, and motivation.

- You wall be able to try out the RehabChat App and prowide feedback about 1ts design.

- For the first three workshops, you will meet with up to 4 other chient=. Separate meeting= will be beld
previous 1-3 months.

- Ome final worksheop will be held with all chent participants, and also with up to 5 clmicians from
EMMEBIRS and BIR.CH South, meetng together.

- After each workshop, the researchers will update the design of the RehabChat App according to what
the parficipants have recommended.

- Light refreshments will be prowided (tea, coffee and biscuts) at each workshop.
- Bon the "Flow-chart of how the workshops will ba rum* below.

Flow-chart of how the workshops will be rum:

After cach subscgueant

P ) 1 workshop, mescarchers I .
contirue to make
* 1st workshop rhargesio the * Final 4th
#3cparate meelings [or RehabCha: App workshop

clients B staft

#lp ko 5 zeople incach

mdiscuss motivational
nesdsal clienls during
rehabilitaticn

=llz= Rehabklhat App

#Recommend chanaes

s 2nd B 3rd
workshops

=Separate meetings for
clients & staff

sllpta S neaple in 2ack
*Try-cul the updaled

*3ll participarts upte
18] jeintogether at a
single mecting

*Try-outthe updated
RehabChat Asp

shaksfinalcrange
sugaestiors for chenge

RehabChathpp *Discussclinic App use
Afterthe st warkshop, *Recommend changes | —
W researchers reviswthe ® Discussclinic Apo use After the ‘inalwarkshop,
1ocdback ¥ update the " o resgarchers finalise

Hzhabihatapp RehabChat App design &

anod e o une for laler
pilattrial

Thas research project has been designed to make sure the researchers interpret the results in a fair and
approprate way and avoid jumping fo conchosions. We will audio recerd the workshops so that

in publications or presentafions. Mo idenfifying information of the participants will be shared outside of
the project, nor 1n any report or other write-up or presentation of the project.

Followmng completion of the study, vou will not have any follow-up from the research team. There are no
costs associated with participating m this research project. You will receive a $25 Coles-Myer mift card at
the final workshop.

4 Other relevant information about the research project

Participant Information SheetConsent Fom Varsion 6, 18-2-21. Page 1075
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Up to 15 parbicipants will be taking part in this project at EMMBIES and'or BIRCH South: up to 5
current chenfs, up to 5 discharged clients, and up to 5 chimicians.

5 Do | have to take part in this research project?

Participation 1n any research praject is voluntary. If vou do not wish to take part, you do not have fo. If
you decide to take part and later change your mund, you are free to withdraw from the project at any stage.

If vou do decide to take part, yvou wall be grven this Parbicipant Infoemation and Consent Fomm fo sign and
you will be given a copy to keep.

Your decision whether to take part or not, or to take part and then withdraw, will not affect your climeal
care at EMMBIRS or BIRCH South, or your relabionship with staff at EMMBIES or BIRCH South, or

G What are the possible benefits of taking part?

There are no direct benafif= to you from vour participation in this research: however, your participation
will contribute to developing a motivational RehabChat App for use by people with a bram imjury.

T What are the possible rizsks and disadvantages of taking part?

Dhmng the workshops you may become tired  If so, vou can take a rest break. You may feel that some of
the questions we azk dunng the workshops are distressing; if so, vou may take a rest break and return
when you feel comforiable. Please let the facilitators know 1f you need to take a rest during the workshop
or leave earty. If vou do not wish to answer a question, vou may remain quiet If need . you mav hke to
comntact *Boyend Bine® wlsphone connselling on Free call 1800 010 630. The research team will not
While the researchers do not expect these nsks to be present duning the study, if this happens to you
dunng the research project vou may take a rest break or disconfione your parficipation 1n the workshep.
Your safety 15 important to us. You can tell us if you are womed or feel wneomfortable about anything
Confidentiality

The research team will keep data and information confidential and secure. Whilst all care will be taken to
maintain privacy and confidentiality, vou may expenence embarrassment if one of the group members
were to repeat things sa1d 1n a confidential proup meetng.

B8 What if | withdraw from this research project?

If you do consent to partcipate, you may withdraw at any tme. If vou decide to withdraw from the
project, please notify a member of the research team before you withdraw. If you do withdraw, you wall
be asked to complete and sign a "Withdrawzl of Consent” fiwwm;, this wall be provnded to you by the
research team.

If you decide to leave the research project, the researchers will not collect additional inframation from
you Information already collected will be retained to ensure that the result= of the research project can be
analysed properly and to comply wath law. You should be aware that data collected up fo the tme you
withdraw will form part of the ressarch project resulfs.

9 Could this research project be stopped unexpectedly ?

Thes research project may be stopped unexpectedly for a vanety of reasons. These mav include reasons
such as research member's becoming 11l As well, the researchers may recommend that vou cease your
involvemnent 1 the workshops if this 15 in vour best interests.

10 What happens when the research project ends?

At the end of this study, we can provide you with a summary report of the research so that vou can be
aware of the cutcomes. Indnadual results will not be avaulable. If vou are inferested m receiving a
summary of the study findngs, please diseuss with the researcher. We wall also ask you if you wish to be

Participant Information Sheet'Consent Form Version 6, 18-2-21. Page 4ol &
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contacted for parheipation mn a fiture pilot trial of the RehabChat App at EMMBIRS and BIRCH Sowth.
The research team will otherense not make any contact with you after the project ends.

Part 2 How is the research pruject being conducted?
11 What will happen to information about me?

By sigming the consent form, you consent to the research team collecting and wsing persenal mformation
about vou for the research project. Any mformation obtained i connecton with this research project that
can 1dentify you will remain confidential. Youwr mmformation wall only be used for the puwrpose of ths

The personal information collected mn this project 15 mdmidually identifiable, and will include: your name,
contact details, age, gender, and eccupationvocation details. Dhng this project, your medical / health
records will not be reviewed at all. In the workshops, paricipant= will be instructed to only use their first
name or mckname, and fo not share personal information.

Audio recording= will be taken of the workshop discussions. The audio data will be transcribed indo fext.
from the fransenbed text. Due to the nature of thas project, 1t will not be possible for vou to review the
specific data of your contnbutions. This 15 because the madio recordings made dunng the workshops wall
Information and data obtaned durmg this project will be stored securely and confidentially on the
Flnders Unoversity Cloud drive under password control. Any paper records will be filed in a locked filmg
cabmet at the Flinders Dhzital Health Research Centre. Only the research team wall have access to the
data. All records and data from thas project will be deleted or destroved after five yvears from the
completion of the project or from the date of pubhcation of thes research.

Dhring the workshops, vou will be able to use the RehabChat App. The softerare company — Clevertar -
mﬂndd:uﬂh MMMMM ¥ privacy sivioouwnd o be fovnd of
Ch'l"l'-r'stams ef use can be found at

15 antieipated that results of this project will be published and/or presented in a vanety of forums, and
mzjrmﬁ}mlfnhn‘enﬁea:dl Confidenfialify will be assured by not including any 1dentifying mmformation
about you in published reports or presentations about this research project, or m fuhre research which
uses information and results from ths project.

Ary information obtamed for the purpose of this research project and for the fufure research desenbed
that can identify yvou will be treated as confidential and securely stored.

12 Complaints and compensation

If you suffer any distress or psychological stress as a result of this research project, you should contact the
research team as soon as possible. You will be assisted with arranging appropnate treatment and support.
You are welcome to discuss your needs by contacting yvour treating health professional, or Beyond Blue
(ph 1300 224 636). This research 15 covered by Flmders University Indemmnity Insurance.

13 Who is organising and funding the research?

The FDHELC 15 orgam=ing thas research. No funding 15 being recerved for this project. Mo member of the
research team will receive a personal financial benefit from your invelvement in this research project
{other than thew ordmary wages). You or your family will not benefit financially from parbicipating m this
research project even if, for example, knowledge gamed from the project proves fo be of commercial
value to Flinders Unmversity, or leads to discovenes that are of commercial value to Flinders University,
14 Who has reviewed the research project?

Participant Information Sheet'Consent Form Version 6, 18-2-21. Page Sof §
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All research m Awstralia mvelving bumans 15 reviewed by an independent group of people called a
Human Research Ethics Commuites (HREC). The Central Adelaide Chnical Human Research Ethies
Commuttes has reviewed and approved this project.

Thas project will be camed out according to the Narional Staremenr on Etical Conduct in Human
Research (2007}, This staterment has been developed to protect the mterests of people who agree to
participate m buman research studies.
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15 Further information and who to contact

The person you may need to contact will depend on the nature of vour query. If vou want any further
mformaton concaming this project or if you have any problems which may be related to your
mvolvement in the project, vou can confact the researcher on (08) 5201 2226,

Research contact person

Mame Tudith Hockmg

Positicn Lead Researcher, PhD) Candidate, FDHRC
Telephone S

Email S

For matters relating to research at the site at which you are participating, the details of the local
site complaints person are:

Complaints contact person

Mame S
Positicn Research Coordmator, SABIRS including EMMEBIRS and BIRCH South
Telephone ERERE
Email S

If you have any complaints about any aspect of the project, the way it iz being conducted or any
questions about being a research parlicipant in general, then you may contact:

Reviewing HREC name CALHN Human Ethics Commuttes

HREC Executive Officer Char, #5558

Telephone

T

Email

RTT

Reviewing HREC approving this research and HREC Executive Officer details

Local HREC Office contact

Mame e
Positicn Manager CATHN Rasearch (ffice
Telephone e
Email it
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Consent Form - Aduit providing own consent
The Development of a Motnational Embodied

Title Conversatonal Agent for Brain Injury Eehabihtation
_ Dieveloping a Motivational RehabChat App for Brain

Short Title Tnjury Rehabilitati

Protocol Number 13007

Project Sponsor Professor Anthony Maedar

Coordinating Principal Investigator! Mrs Fudith Hocking

Principal Investigator
Dr Lua Perimal-Lewis, Prof David Powers, A/Prof
Belinda Lange
Early Management of Mild Bramn Injury
Locati Rehabilitation Service (EMMBIRS), and Brain Injury
cation Rehabilitation Community and Home, South (BIRCH
South), Repatriaton General Hospatal, Daw Park SA.

Associate Investigatoris)

Declaration by Participant

| have read the Participant Information Sheet or someone has read it to me in a language that |
understand.

| understand the purposes, procedures and risks of the research described in the project. |
understand that audio recordings will be taken of each meeting group and that the recording will
be tranzscribed to text and de-identified.

| have had an opportunity to ask questions and | am satisfied with the answers | have received.

| freely agree to paricipate in this research project as described and understand that | am free
to withdraw at any time during the project without affecting my future care.

| understand that | will be given a signed of this document o keep.

MName of Participant piease print)

Signature: Date

Declaration by Researcher?

| have given a verbal explanation of the research project, its procedures and risks and | believe
that the icipant has undersiood that explanation.

Mame of Researcher? [pleasa pint)

Signature: Date

T An appropriately qualified member of the research team must provide the explanation of, and information
conceming, the research project.
MNote: All parties signing the consent section must date their own signature.

Particapant Information Sheet/Consent Form Version 3, 27-8-20 Pagat of 1
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Form for Withdrawal of Participation - aduit providing own consent
The Development of a Motmwational Embodied

Title Comversational Agent for Brain Injury Rehabilitation
, Developing a Motrvatonal RehabChat App for Bram
Short Title Tnjury Rehabilitati
Protocol Mumber 13007
Project Sponsor Profeszor Anthony Maeder
Coordinating Principal | tigator 3 .
oordinating Principal Investigato Mis Judith Hocking

Principal Investigator

Dr Lua Permmal-Lewis, Prof David Powers, AProf
Belinda Lange

Early Management of Mild Brain Inyury
Rehabilitation Serace (EMMBIES), and Brain Injury
Rehabibtation Commumity and Home, South (BIRCH
South), Repatnation General Hospital, Daw Park SA.

Associate Investigator(s)

Location

Declaration by Participant

| wizh to withdraw from participation in the above research project and understand that such
withidrawal will not affect my routine care, or my relationships with the researchers or EMMBIRS
or BIRCH South.

Name of Parlicipant jpease pont)
Signature Date

In the mwant that e paricipanta dedsion o withdree i cemmunicaisd varbally, the Ssnior Resaacher
must provide a descrption of the circumstances below.

Declaration by Researchert
| have given a verbal explanation of the implications of withdrawal from the research project and
| believe that the participant has understood that explanation.

Name of Researcher (pease pnnt)

Signature Date

T An appropriately qualified member of the research team must provide information conceming withdrawal from the
research project.
MNote: All parties signing the consent section must date their own signature.

Participant Infonmation Sheet/Consent Form Version 3, 27-8-20 Pageat of 1
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Appendix XI: Co-design workshops — Promotional poster

Promotional poster. Version 2. 27/8/20

Would you like to help create a RehabChat App?

Would you like to share your thoughts about rehabilitation goals & recovery
after brain injury?
We want to hear your thoughts about motivation & rehabilitation.
Using a hand-held device How t.h‘e_ RehabChat _épp may look

o

How 2an | help you

FTATATY LAWY T
e coroesy
CRUTIULTE P L

Are you a client at EMMBIRS or BIRCH South?

Have you been a client at EMMBIRS or BIRCH South within the last 3 months?
Or do you work as a clinician at EMMBIRS or BIRCH South?

Are you English-speaking? Are you aged 18 years or older?

Please contact Judith Hocking: (08) 8201 2226; Judith.hocking@flinders.edu.au

e Clients with traumatic brain injury, and clinicians of the Early Management of Mild Brain Injury
Rehabilitation Service (EMMBIRS) and BIRCH South (Brain Injury Rehabilitation Community and
Home, South) are invited to help design the RehabChat App for brain injury rehabilitation.
Participants will attend four, one-hour focus group meetings held monthly.

Client-participants will receive a $25 Coles-Myer gift card to acknowledge their efforts.
Client-participants must be able to use a hand-held tablet device, and be able to provide their
own consent.

Project title: The Development of 2 Motivational Embodied Conversational Agent for Brain Injury Rehabilitation. This research is being conducted by researchers
from Fiinders University and SABIRS [South Australian Brain injury Rehabilitation Service). This research has been approved by the Central Aelide Local Heaith
Network Human Research Ethics Committee. Ethics approval number 13007.

SHHHHH

i Y d BUpPOH QIpn[
SHHHHE
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Appendix XlI: Co-design workshops — User guide

RehabChat — User Guide 23,3/21 1 Hocking, FOHRC, CNHS
AT
Flinders Digital
Health Research
Flinders Centre
HHIVEIFITY

Rehablhot: User guide

Setting up iPad
1. Unpack iPad from the box.

Workshop Zoom Meetings

2. Place cover onto iPad — ensure all edges and corners are securely in place.

3. Keep iPad well charged using the charger and cord provided.
4. To return the iPad at end of Workshops, pack it safely, and post

a. Take the cover off the iPad
b. packthe iPad, charger and cord into the iPad box,

c. place the packed iPad box and iPad cover into the reply-paid return packaging.

Ensure the correct address is clearly showing:
Judith Hocking

Flinders Digital Health Research Centre, CNHS, Flinders University

Eesess
Eesess
#REE

d. Ensure your sender address is clearly written too.

e, putitinthe post (drop into the Post Office) as soon as practical

f. email Judith to say you have posted it and the date you posted it.

How to use RehabChat

1. Turn on the iPad (switch on top right corner)
2. Enter the 6 digit passcode

3. Click on the icon for RehabChat (found on the home-screen)
« For the training module click on| RehabChat Training | ; you may only see

‘RehabChat Tral’

& For the rehabilitation conversation dick on

4. RehabChat will open in a window on iPad, and it will look like this:

ik heru n darl pour Ashalchal coreencl on

5. Click on this RehabChat launch button.

Page 1of2
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RehabChat —User Guide 23/3/21 1 Hocking, FDHRC, CNHS Workshop Zoom Mestings
6. RehabChat will then launch on your screen, and it will look like this:

* Only use the refresh button at other times if asked by the Workshop facilitator,
as using it deletes prior conversations you have had
8. How to stop your RehabChat conversation, and start it again later

» Stop your conversation by closing your internet screen, or by clicking an tha ¥’
Restart button in the top right corner

VEETE, - F DA B O A WAT T
L

# When you start your RehabChat conversation again, you will be at
the same point; to start your conversation again, follow steps 1 -6
9. Follow the prompts of RehabChat to have your conversation.

Contact Judith Hocking with questions: #85855, Ph
Thank you for using RehabChat!

Page 2 of 2
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Appendix XllI: Co-design workshops — Changes to customised style

sheet
Factor CSSitem Default value Changed to
Font size font-size: .9em .9em 1.4em
Single response button size clevertar-chat button.ky-response-btn 3px 10px: 6px 20px:
Name of avatar clevertar-chat .ky-bubble-block .ky-name 12px 18px
Height of box for free-text clevertar-chat .ky-response form .ky-date- 30px 45px

entry

picker-panel input, clevertar-chat .ky-
response form input[type=number], clevertar-
chat .ky-response form input[type=text]

Increase margins around text
entry box

clevertar-chat .ky-text-submit

Bottom = 10px
Padding = 10px

Bottom = 20px
Padding = 20px

dash span.icn-dash-txt

Make ‘change’ button bigger clevertar-chat .ky-bubble-block.ky-user .ky- 8px 16px
actions
Header title clevertar-chat .ky-header l.1lem 1l.4em
Header buttons overall button | clevertar-chat .ky-header button.ky-close.icn- | Height = 24px Height = 44px
size: shut-down ‘-* button dash
Width = 24px Width = 44px
Header button internal “-“ size | clevertar-chat .ky-header button.ky-close.icn- | 24px 44px

Size of left side of Ul (done 16-
6)

clevertar-chat .ky-wrapper .ky-content .ky-
character-wrapper

Width = 150%

Width = 150%

overall size

Padding = 10px

Left = -50% Left =-57%
Increase button size for clevertar-chat button.ky-response-btn Padding = 3px Padding = 5px
multiple choice options 10px 10px
Space between each multiple clevertar-chat .ky-response .ky-single-answer | Margin = 1px Margin = 5px
choice option button 5px 5px 10px 10px
Increase size of send button: clevertar-chat .ky-response .ky-btn-send Width = 30px Width = 45px
overall size of circle ) )

Height = 30px Height = 45px
Increase size of send button: clevertar-chat .ky-response .ky-btn-send i Size = 16px Size = 24px
size of arrow
Increase size of mute button: clevertar-chat .ky-mute button Border = 1px Border = 8px

Padding = 10px

Increase font-size of text box
prompt cues

clevertar-chat .ky-text-submit label

Font-size =
.7rem

Font-size =
1.05rem

Legend: CSS = customised style sheet; em= element size (proportional to the section font size); px = pixel; Ul = user

interface
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Appendix XIV: Feasibility pilot trial — Ethics approval

Below are the approval letters from the Central Adelaide Local Health Network CALHN Human
Research Ethics Committee (HREC) for Ethics approval and site-specific governance approval.

Health
Central agclaide
arieanvinmis  Loral eakth Hetark

- Candral Adelaldes Looal Healih Mabwork

Approval Date: 03 February 2021

Prof Anthony Maeder B Termce

Flinders Digital Health Research Centre Adeinide. 34, 000

FLIMDERS UNINWERSITY FAH Tl 08 7117 2223
TQEHEHITel 08 5227 6841

Dear Prof Maeder izpin CALHNEesearchEIC e 00y 3y
e Pl 53,008 U

CALHN Reference Number: ABM: 55 368 535 412

Project Tithe: Mixed methods feasibility pilot trial of a Motivational Embodied Conversational Agent for
Brain Imjury Rehabilitation.

Human Research Ethics Commititee APPROVAL

Thank you for submitting the above project for ethical and scientific review. The application was first

considered by the Cenfral Adelaide Local Health Metwork Human Reseanch Ethics Committee (CALHN

HREC) at its meeting held on 17 December 2020. The CALHM HREC is constituted in accordance with the

NHMRC National Siatement on the Efhical Gonduct of Human Research (2007) incorporating all updates
(the Mational Statement).

The CALHN HREC has reviewed all responses, and | am pleased to advise that the project meets the
reqguirements of the Mational Statement application and has been granted full ethics approval.

The documents reviewed and approved include:

Dorcument Version Date
HREA Application - JHO3484 - 23 Movember 2020
HealthMedical Research Project Application Form - 23 November 2020

23 November 2020
21 January 2021

21 January 2021

23 Movember 2020
23 November 2020
23 Movember 2020
23 November 2020
23 Movember 2020
23 November 2020
23 Movember 2020
23 Movember 2020
23 November 2020
23 Movember 2020
23 November 2020
23 Movember 2020

Protocal
Participant Information Sheet'Consent Form - client participants

Participant Information Sheet'Consent Form - clinician participants

Demographic Questionnaire for clients

Demographic Cuestionnaire for clinician

Question guide for 1-1 gualitative interviews.
Data Collection Tool - Screening
Step-by-step screening instructions for staff.

User guide for Chents and Clinicians

Clinician instructions for RehabChat

Check list for assessing participant is capable of using RehabChat

Phone script for repeated and pre-post measures
Phone scripts for initial contact, & for obtaining consen
Promotional brochure

Promotional poster

Supporting Documents:

i | e | | e | e | e | e | e e | |- - | bR

#  Investigator CV - Anthony Maeder = |mvestigator CV - David Powers
*  Investigator CV - Belinda Lange v Imvestigator CV - Lua Perimal-Lewis
& Imvestigator CV - Maggie Killington & Investigator CW - Judith Hocking
Response to request for further information — email - I 03 February 2021
Sites cowered by this approval:
Site State | Investigator
Repatriation General Hospital, SA Pl: Dr Maggie Killington

14079 Maeder - Aporoval Letter
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CALHM HREC approval is valid for 5 years from: 03 February 2021 to 03 February 2026

GEMERAL TERMS AND CONDITIONS OF ETHICAL APFROVAL -

1. For all clinical trials, the project must be registered in a publicly accessible trials registry prior to
enrolment of the first participant.

2. The CALHM HREC is certified by the NHMRC for Mational Mutual Acceptance of Single Ethical and
Scientific Review. The CALHM HREC is the reviewing HREC for the purpose of this ethics approval.
Any project sites that are not listed on this letter are not covered by this ethics approval. Any project
sites that wish to be added must contact the Coordinating Primcipal Investigator [CP1), who must
formally request the additional sites to be added by CALHM HREC.

3. Researchers must notify the CALHM HREC of any events which might warrant review of the approval
or which warrant new information being presented to research participants, including:
a) adverse events which warmant protocol change or notification to research pariicipants;
b} changes to the protocol;
) changes to the safety or efficacy of the investigational product, device or method;
dj premature termination of the project.

4. Al clinical tnals approved by the CALHN HREC must comply with the NHMRC Guidance on Safefy
Maonitoring and Reparfing in Clinical Tralz Imvalving Therapeutic Goodsz (November 204 6).

5. The CALHN HREC must be nofified within 72 hours of any Urgent Safety Measures [USks) occurring
at any approved sites.
Confidentiality of the research participants must be maintained at all imes as required by law.

Adeguate record keeping is important and must be maintained in accordance with Good Clinical
Practice, NHMRC and state and national guidelines. If the project involves signed consent, researchers
must retain the completed Consent Forms which relate fo this project and a st of all those participating
im the project to enable contact with them in the fulure if necessary. The duration of record retention for
all clinical research data is 15 years from completion of the project.

Approval is valid for 5 years from the date of this letter after which an extension must be applied for.

Annual Progress Reports must be submitted to the CALHN HREC, every 12 months on the
anniversary of the above approval date. In accordance with the Mational Statement, it is the
researchers’' responsibility to provide reports of the progress of approved research projects at l=ast
annually, and related to the degree of risk to participants, to the reviewing Human Reseanch Ethics
Committee (HREC). This report must be completed by the Coordinating Principal Investigator (CP1) for
all multi-site projects or the Principal Investigator (P1) for single site projects for all research projects
approved under the CALHN HREC. The report is due on the anniversary of HREC approval.
Continuation of ethical approval and local govemnance authorisation is contingent on submission of this
report, due within 2 weeks of the approval anniversary. Failure to comply may result in suspension of
the project

10. A Final Report must be submitted to the CALHN HREC on completion of the project and for all
site closures. In accordance with the Mational Statement, it is the researchers’ responsibility to provide
a final report of the outcome for completed research projects and for all site closures to the reviewing
Human Research Ethics Committee (HREC). This report must be completed by the Coordinating
Principal Investigator (CP1) for all multi-site research projects or the Principal Investigator (P1} for single
site research projects approved under the CALHN HREC.

You are reminded that this letier consfitutes efhical approval only. Youw musf not commence this
research project at any site until separafe authorisation from the Chief Executive or delegate of that
sife has been obfained.

Fnranjrq'uenes, ﬂaﬂemnﬂdﬂmﬂlm Governance Office:

Should you have any quenes about the CALHM HREC s consideration of your project, please contact the
CALHN HREC Support Officer on 08 7117 2228, or Haghth CALHMBesegrchEthics @isa gov 3y
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The CALHM HREC wishes you every success in your research.

Yours sincerely,
e
1
i

lan Tindall
Chiair, Human Research Ethics Commities
Cenfral Adelaide Local Health Network

£x: Site Reseanch Govermance OMcer
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Central Adelalde Local Health Network

Research OfMce
Lewsl 3, Roma Mitchel House
Morth Temace, Adelaide SA
18 February 2021 Ausiralla 5000
T:D08 7117 2208
Professor Anthomy Maeder

Flinders Digital Health Research Centre
FLIMDERS UNIWERSITY

Dear Professor Maeder,
HREC Reference Number: 14078

Governance Reference Number: 14079

Project Title: Mixed methods feasibility pilot trial of a Motivational Embodied Comeersational
Agent for Brain Injury Rehabilitation.

RE: Governance RHewview

Thank you for submitting an application for authonsation of this project. | am pleased to inform you
that authorisation has been granted for this study to commence at the S5A Brain Injury
Rehabilitation Service, SA

Authorisation is valid from 12 February 2021 to 12 February 2023. Proposed extensions beyond
this term must be submitted as an amendment to the CALHN Reseanch Office.

The following conditions apply to the authonsation of this research project. These are addiional to
those conditions imposed by the Human Research Ethics Committee (HREC) that granted ethical
approval to this project:

1. Awthorisation is limited to the site/s identified in this letter only.

2. Project authorsation is granted for the term specified abowve.

3. The study must be conducted in accordance with the conditions of ethical approval
provided by the lead HREC, SA Health policies, and in conjunction with the standards
outlined in the National Siatement on Ethical Conduct in Human Research (2007) and the
Ausztralian Code for the Responsible Conduct of Research (2007).

4. Proposed amendments to the research protocol or conduct of the research which may
affect the ethical acceptability of the project, and which are submitted to the HREC for
review, are copied via email to the CALHM Research Office;

5. Proposed amendments to the research protocol or conduct of the research which only
affects the ongoing site acceptability of the project, are to be submitted via email to the
CALHMN Research Office;

8. For all clinical trials, the study must be registered in a publicly accessible trials registry
jprior to enrclment of the first participant.

7. Proposed amendments to the research protocol or comduct of the research which may
affect both the ongoing ethical acceptability of the project and the site acceptability of the
project are to be submitted fo the CALHMN Research Office afier 3 HREC decision is
made.

B. A copy of this letter should also be maintained on file by the Coordinating Principal
Investigator as evidence of project authorisation.

8. Motification of completion of the study at this site is o be provided to the CALHM
Ressarch Office.

You are reminded that continuation of governance approval is contingent on submission of
the Annual Progress Report to the reviewing HREC, a copy of which must be submitted to

14079 govemance approval leter docx 1|Page
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the CALHN Research Office along with acknowledgement of the report by the reviewing
HREC. Failure to comply may result in suspension of the project.

If University personnel are involeed in this project, the Principal Investigator should notify the
University before commencing their research to ensure compliance with University requirements
including any insurance and indemnification requirements.
We wish you every success in your research project.
fiours sincerehy

LA =

Bemadette Swart
Manager, CALHM Reseanch Office
Ph: 7117 2209

Email: Health.CAlL HNResearchGowemance@sa. gov.au

14079 governance approval lethar docx 2|Page
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Appendix XV: Feasibility pilot trial — Information and consent form for

clinicians

Flinders Digital
Health Research

Tl fif:iers Centre

UH I ¥CRZITY

Eh

Participant Information Sheet/Consent Form for Clinicians

| Health/Social Science Research - Adulf providing own consent |
The Brain injury Communidy and Home Nowth Cimic, HRC; the Brain injury Communify and Home Sowtf Clinic, & the
Concussion and Mild Brain Injury senice, RGH.
Mixed methods feasibility pilot trial of a Motivahonal

Title Embodied Conversational Agent for Brain Injury Rehabilitation
y Usmg a Motivational RehabChat App for Bramn Injury

Short Title Rehabilitats

Protocol Humber 14079

Principal Investigator A/ Prof Belinda Lange

. . Mrs Judith Hocking, Dr Magzie Eillington, Prof David Powers,
Associate Investigaton(s) Dr Lua Perimal-Lewis, Prof Ant} Maed
Brain Injury Fehabihfafion Community and Homse, Morth
(BIRCH North), Hampstead Rehabibtafion Centre, Lightsview
Locations 5A; Brain Injury Eehabilitation Commmmity and Home, South
(BIF.CH South) and Concussion and Mild Brain Injury service
{CAMBI) Repatriation General Hospital, Daw Park SA.

Part 1 What does my participation involve?

1 Introduction

You are mmvited o take part in this research project called Using a motivational RehabChat App for
Brain Injury Rehabilitation. You are able to paricipate because you are working as a chnieal therapist
at BIRCH Morth, BIRCH South or CAMEBL

Thas Participant Information and Consent Form tells you about the research project and the processes
involved with taking part. Enowing what 15 imvolved wall help you decide if vou want to take part in the
research Participation in fioe ressarch i volomdary. If vou o't wish to falor peort, you don*t have to.
Flease read this imformation carefully. Ask questions about anything that you don't undemstend or want (o
know maore about. Before deciding whether or not to take part, you mght want to talk about 1t with a
relative, fiiend or co-worker. If vou decide you want fo take part in the research project, vou will be asked
to sign the consent sechon.

By sipning the Consent Form, you are telling us that you:

*  Tnderstand what yvou have read

= (Consent to take part in the research project descnbed

» Consent to the nse of your personal and health information as deseribed.

You will be grven a copy of this Participant Information and Consent Form to keep.

2 About RehabChat

BehabChat 15 a conversation App that can be used on a tablet device. It has been desizned wsmg sofiware
developed by an Adelade sofiware company — Clevertar.

# FehabChat can have motivational comrersations with a person about ther rehabibitation.

Participant Information Sheet'Consent Form. HREC Ref Mo, 14079 Version &, 16-11-2021 Page 1al&
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# BehabChat has been developed by the researchers in consultation with clients and clinicians of
BIRCH South and CAMBI Motivation is important for brain injury rehabilitabion.

» A motvational EehabChat App could belp mmprove recovery after bram imjury.

»  Thas is the first ime that 2 motivational Chat App has been developed for bram injury rehabilitation.

Using a hand-held device How the RehabChat App looks

oy

-

.

T ——— rr———

3 What is the purpose nf*th'ts research?

The amms of this project are to imvestigate

#*  how useful the RehabChat App 15 in rehabilistion care at BIRCH MNeorth, BIRCH South and CAMBIL
and

m  how easy it 15 to use RehabChat

The resulis of this research will be used by Judith Hockimg to obtam a Doctor of Phulosophy degree. This

research has been initiated by, and wall be conducted by, Judith Hocking and the Flinders Digital Health

Research Centre, Finders University (FDHRC).

4 What does participation in this research involve?

All participants will receive mitial traming in using KehabChat on a tablet device. Following this,
EehabChat will be used by a chent’s of vours for a 2-week trial alongside their usual rebabilitation care at
BIECH Morth, BIRCH South or CAMEI You will prowide climcal oversight of vour chent usmg
BehabChat. All paricipants will provide feedback about their expenence at the end of the tal

® Youwill recerve 1:]1 traming in using BehabChat and be able to practise using RehabChat until you
using RehabChat Following this, vou will be asked to provide some feedback about RehabChat This
will take approcimately one-hour.

& Youwill then screen vour current chents (with whom vou have been providing care for at least three
appointment sessions) for elipbility fo be imvolved mn the pilot frial.

* Youwill supervise any of vour chents that are recnmted to the study whilst they use RehabChat for 2
weaks along=ide their usual rehabilitation.

At the start and finich of KehabChat being used by vour chent's, yvou will complete a senes of
questiommaire questions —ths will take approsmately 20 minutes each time. At the end of the tmal, you
will complete a short questionnaire about vour expenience supervising your client using RehabChat, and
participate m a 1:1 mterview with Tudith Hocking to discuss your expenience and views about nang
FehabChat in your clime.

If you are interested in taking part in thes research you will be asked fo read and s1gn a consent form
before any part of the study 15 completed.

4, a) Details of the 2-week frial using RehabChat alongside usual care
Particpant Information Sheet/Consent Form. HREC Ref Mo, 14079 Version &, 16-11-2021 Page 2ol &
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EehabChat will be used on a tablet device provided by the researchers. You will provide chmeal
oversight of yvour client wiilst they use KehabChat alongside thew usual rehabihtafion care.

The specific ways m which BehabChat wnll be used alongside umal care are:

1. Using RehabChat i your chime appomtment fime, to

- Define the mam rehabihfation goal, and enter these mito EehabChat;

- Define weekly sub-goals to be achieved at the end of the 1® and 2™ weeks, and enter these into
RehabChat:

- prescnbe two home program actmnties relevant to the main rehabihtation goal

enfer the home program details into FehabChat

The chient will use EshabChat at bome to practise their home program

Using RehabChat in the clinic at the end of the 1° weeck and at the end of the 2™ week, to

review fhe clinnt's progres towards schieving ther weekly sub-goals

- ifnesded make changes to EehabChat, for example regarding the home program.

4. The chent comtinmes to use RehabChat at home to prachise their home program in-between each clhime
appointment

- finish using RehabChat after the view at the end of the 2™ wreek.

Flow-chart: using RehabChat alongside usual care: (grey shading = home-based use)

Client & clinician set up main
goal and weekly sub-goals
Clinician prescribes 2
home program activitias.
Client enters home
program into RehabChat
Client uses RehabChat at home to ‘_/
practice the home program activities

_-'\___=

cHent’s progzess towards weekly needed: — modifies
sub-goals at end of 1% week X'i home program: & client

enters details into FehabChat
Client continues to use RehabChat at /
home for practising the home program
Clinician and client review

cHent"s prograes towands
weekly goal at end of 222 week

Finish using RehabChat at
end of 27 week

Participant Information Sheet'Consent Form. HREC Ref Mo, 14079 Version &, 16-11-2021 Page 3af&
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5 Other relevant information about the research project

Thas research project has been designed to make sure the researchers interpret the results in a fair and
approprzate way and avoid jumpmg to conchisions. We will audio record the 1:] inferviews so that the
Bemults from the project may be included in publications or presentations. Mo 1dentifying information of
the participants will be shared outside of the project, nor in any report or other write-up or presentation of
the project.

Your participation will not affect any nghts you have to compensation under commen law.

Following completion of the study, you will not have any follow-up from the research team._

There are no costs assoriated with parhicrpating in this research project.

Up te 2] participants will be taking part in thas project at BIRCH North, and'or BIRCH South and/or
CAMBI: up to & chinicians, and up to 15 chents.

G Do | have to take part in this regearch project?
Participation 1 any research project 15 voluntary. If you do not wish to take part, you do not have to_ If
vou decide to take part and later change your mund, you are free to withdraw from the project at any stage.
If you do decide to take part, you will be grven this Parficipant Information and Consent Form to sign and
vou will be given a copy to keep.

Your decision whether to take part or not, or to take part and then wathdraw, wall not affect your work at
CAMBI, BIR.CH North or BIRCH South, or your relahionship with staff at CAMBI, BIRCH Morth or
BIECH South, or your relatonship with the mesearchers.

T What are the possible benefits of taking part?

There are no direct benefifs to you from vour participation i this research; however, vour parficipation
will contrnbute to developms a motivational RehabChat App whoch could be used by people with a
EehabChat 15 in 1ts early stages of development and 1= not vet proven to be chnically effective.

8 What are the possible risks and disadvantages of taking part?

When using Eehab(Chat, you may become stressed. If so, please discuss any concemns with the ressarch
team who will aim to resolve any questions or 1ssues promptly. You ean tell us if you are stressed or feal
uncomfortable about anything durng the project. I tegded, oo oty i 1o oontact Bennand Blos"
telephone counselling on Free call 1800 010 630. The research team will not provide any counselling.
Confidentiality

The research team will keep data and information confidential and secure.

9 What if | withdraw from this research project?

If you do consent to participate, you may withdraw at any tme. If you decide to withdraw from the

praject,

# please notify a member of the research team before vou withdraw

»  you will be slowd o couplvte and sign o “Withdrrwal of Conswot foc; fhis will be provided to you
by the research team

& the researchers will not collect addiional infrrmation from vou

& mformaton already collected will be retained to ensure that the results of the ressarch project can be
analysed properly and to comply wath lawr.

You should be aware that data collected up to the time you withdraw be included in the research results.

10 Could this rezearch project be stopped unexpectedly?

Thas research project may be stopped unexpectedly for a vanety of reasons. These may mnchede reasons
such as research member's becoming 1ll. As well, the researchers may recommend that you cease your
involvement m this project if thas 1s m your best mterests.

Participant Information Sheet'Consent Form. HREC Ref Mo, 14079 Version &, 16-11-2021 Paged of &
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11 What happens when the rezearch project ends?

At the end of this study, we can provide you with a summary report of the research so that vou can be
aware of the cutcomes. Indrvidual results will not be avanlable. If vou are inferested m receiving a
summary of the study findings, please discuss with the researcher. The research team wll otherwize not

Part 2 How is the research project being conducted?

12 What will happen to information about me?

By signing the consent form, vou consent to the research team collecting and using personal mformation
about vou for the research project. Any mformation obtained in connection with this research project that
The personal information collected i this project 15 mdnadually identifiable, and will mmchude: your name,
contact details, age, gender, ocoupation, and details about vour prnor expenencing usmg rehabilitation
technology and chatbots.

Audio recordings will be taken of the 1:]1 inferview conducted at the end of the tnal. Any confidenfial
information will be deleted form the andio file pnior to it being transeribed into fext. This ensures that no
individual can be 1denfified from the transeribed text.

Information and dats obtained durmg thi= project will be stored securely and confidentially on the
Flinders Unmversity Cloud drive under password control. Any paper records will be filed in a locked filing
cabmet at the Flinders Digital Health Research Cantre Only the research team will have access to the
data. All records and data from this project will be deleted or destroved after five years from the
complefion of the project or from the date of pubhication of this research.

Dhmnng this project, your client’s will use RehabChat. The softerare company = Clevertar - stores the data
bennnaged,‘ this pehicy can be found at hitp /202, clevertar. com/prvacy-policy! .

15 anheipated that results of this project will be published and/or presented v a vanety of forums and
mzjrmﬁmmfntm‘em:d]. Confidenfiality will be assured by not mncluding any identifying mformation
about vou in pubhshed reports or presentations about this research project, or m fivhure research which
uses information and resulis from this project.

Any information obtzmed for the purpose of this research project and for the futare research desenbed
that can 1dentify vou will be treated as confidential and securely stored.

In accordance with mlevant Anstralian and'or South Anstraha privacy and other relevant laws, you have
the nght to request access to your information collected and stored by the research team . You also have

the right to request that any information with which yvou dizagree be corrected. Please contact the study

team member named at the end of this document 1f vou would hike to access your mformation.

13 Complaints and compensation

If you suffer any distress or psychologecal stress as a result of thes research project, you should contact the
research team as soon as possible. You will be assisted wath amangmg appropnate treatment and support.
You are welcome to discuss your needs by contacting your treating bealth professional, or Bevond Blue
(ph 1300 224 636). This research 15 covered by Flmders Unrversity Indemmnity Insurance.

14 Who is organising and funding the research?

The FDHEL 15 orgamsing this research. No funding is being received for this project. Mo member of the
research team will recerve a personal financial benefit from your mvolvement in this research project
(other than ther ordmary wages). You or your famuly will not benefit financially from participating m ths
research project even if, for example, knowledze gamed from the project proves to be of commercial
valee to Finders Unmversity, or leads to discovenes that are of commercial value to Flinders Unmversaty,
the researchers or their mstitufions.

Participant Information Sheet/Consent Form. HREC Ref Mo, 14079 Version 6, 16-11-2021 PageSofs
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15 Who has reviewed the research project?

All research m Anstralia involving bumans 1= reviewed by an independent group of people called a
Human Research Ethics Commattes (HREC). This project will be camied out according to the Mational
Statement on Ethical Conduct in Human Research (2007). This statement has been developed to protect
the mierests of people who agree to participate m buman ressarch studies. The Central Adelaide Local
Health Network Human Research Efhies Committes has reviewed and approved this project.

16 Further information and who to contact

The person vou may need to contact will depend on the nature of your query. If you want amy further
information concerning this project or if you have any problems which may be related to your
involvement in the project, vou can contact the researcher on (08) 8201 2226,

Research contact persons

Name Judith Hocking

Position Laad Researcher, PhD Candidate, FDHFR.C

Telephone A

Email R

Mame FHHEEY

Position Research Coordinator, SABIRS meluding BIRCH Morth, BIRCH
South and CAMEI

Telephone Egn

Email A

For matters relating to research at the site at which you are participating, the details of the local
site complaints person are:
Complaints contact person

HREC Name Ctm! Adelaide Local Health Network Human Besearch Ethocs
Commities (CALHN HREC)

Contact Executive Cfficer, contactable through the HREC Support Officer

Telephone R

Email R

If you have any complaints about any aspect of the project, the way it is being conducted or any
questions about being a research participant in general, then you may contact:

Reviewing HREC approving this research and HREC Executive Officer details

Central Adelaide Local Health Network Human Research Ethies

HREC name Committes (CALHN HREC)

HREC Executive Officer Executive Officer, contactable through the HREC Suppert Officer
Telephone R

Email R

Local HREC Office contact

Mame AR
Position Manager CATHM Research Office
Telephone TR
Email i
Participaint Information Sheet/Consent Form. HREC Ref Mo, 14079 Version &, 16-11-2021 Page 6ol &
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Cunsent Form - Aduit providing own consent
Mixed methods feasibility pilot trial of 2 Motivational Embodied

Title Conversational Agent for Brain Injury Rehabilitation

Short Title Using a Motivational RehabChat App for Brain Injury Rehabilitation
Protocol Humber 1407%

Principal Investigator AProf Belinda Lange

Mrs Fudith Hocking, Dr Maggie Killington, Prof David Powers, Dr Lua
Perimal Lewis, Prof Anthony Maeder

Concussion and Mild Brain Injury service (CAMBI) and Brain Injury
Rehabilitation Community and Home, South (BIRCH South),

Associate Investigaton(s)

Locations Repatmation General Hospital, Daw Park SA. Brain Injwry Eehabilitation
Commumity and Home, Naorth (BIRCH North), Hampstead Rehaihtation
Centre, Lightsview 5S4

I have read the Participant Information Sheet or someone has read it fo me 1 a lanpuage that I understand.

I understand the purposes, procedures and nsks of the research desenibed in the project. I understand that

audio recordmps will be taken of 1:1 inferview and that the recording will be de-1dentfied and transenbad
to text.

I have had an opportumity to ask questions and I am satisfied with the answers I have recerved. I have had
the opportumty to discuss my participation m this study with a fanuly member, fnend, or support persen

I freely agree to participate in this research project as desenbed and understand that I am free to withdraw
at any timse durng the project without affecting my firture care.

I understand that I will be given a signed copy of this document to keep.

Mame of Participant (please prind)
Signature Date

Declaration by Researchert
I have given a verbal explanation of the research project, its procedures and risks and I beheve that the
participant has understood that explanahion

Mame of Researcher? (piease prnt)

Signature Date

t An appropriately qualified member of the research team omest provide the explanation of, and information concerning, the
research project.

Hote: All parties sigmng the consent section mmst date therr own signature.

Participant Information Sheet/Consent Form. HREC Ref. No. 14078 Version 4, 26-7-2021 Page of 1
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Form for Withdrawal of Participation - Adutt providing own consent

7

Mixed methods feasibality plot tnal of a Motvational Embodied

Title Conversafional Agent for Brain Injury Rehahilitation
) Uzing a Motivahional RehabChat App for Bram Injury

Short Title Rehabilitation

Protocol Humber 14079

Principal Investigator A/Prof Belinda Lange

Mirs Judith Hocking, Dr Maggie Killington, Prof David Powers, Dr
Lua Perimal L ewis, Professor Anthony Maeder

Concussion and Mild Brain Injury service (CAMBI) and Brain
Injury Rehabilitation Community and Home, South (BIRCH South),
Locations Repatriation General Hospital, Daw Park SA_ Brain Injury
Rehabilitation Community and Home, North (BIRCH North),
Hampstead Rehabilitation Centre. Lightsview SA

Associate Investigatorn(s)

Iwish to withdraw from participation i the above research project and understand that such withdrawal
will not affect my routine care, or my relationships with the researchers or BIRCH MNorth, BIRCH South
or CAMBI

Mame of Participant [peass prnt

Signature Date

B the ot thit the partholiind’ s deelslon to withdtier i soithicnlsted worbally, e Sokor Bebbivlsr ot kb
3 description of the circumstances below.

Declaration by Researcher?
I have given a verbal explanation of the mmphications of withdrawal from the research project and I
beheve that the parbcipant has understood that explanation.

Mame of Researcher (pisassa print)

Signature Date

1‘_#.1:1 appropriately qualified member of the reseanch team omest provide information concerning withdrawal from the ressanch
praject.

Hote: All parties sigmng the consent section mmst date thenr own signature.

Particpant Information Sheet/Consent Form. HREC Ref. No. 14078 Version 4, 26-7-2021 Page of 1
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Appendix XVI: Feasibility pilot trial — Information and consent form for

clients

-
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Flinders Digital
2 Health Research
Flinders Centre

UNIVIRSITY

Participant Information Sheet/Consent Form for Clients

| Health/Social Science Research - Aduil providing own consent |

The Brain Injury Communily and Home Novth Clinic, HRC, Lightswiew; the Brain injury Communidy and Home South
Ciinic, & the Concussion and Mild Brain Injury service, RGH, Daw Park

Mixed methods feasibality plot trial of a Motivahional
Title Embodied Comversational Agent for Brain Injury
Rehabilitation
) Uzing a Motivahional RehabChat App for Brain Inyury
Short Title Rehabilitztion

Protocol Humber 14079
Principal Investigator A/Prof Belinda I ange

Associate Investigatorn(s) David Powers, Dr Lua Panmal -1 ewns, Prof Antheny
Maadar

Brain Injury Rehabilitation Commumity and Home,
North (BIRCH North), Hampstead Rehabilitation
Centre, Lightsview SA: Brain Injury Rehabilitation
Commumity and Home, South (BIRCH South) and
Concussion and Mild Brain Injury service (CAMEI),
Repatriation General Hospital, Daw Park 54

Locations

Part 1 What does my participation involve?
1 Introduction

] You are mvited to take part in thos project called Developing a motivational RehabChat App

for Brain Injury Rehabilitation. You are able to participate becaunss you are a corrent chent of BIRCH
Merth, BIRCH South or CAMBI and are aged 18 years or older,

- Thas Parbieipant Information and Consent Form tells vou about the research project, and what it
means to take part in 1t Enowing what 1= imvolved will help vou decide if vou want to take part.

L] Flease read this mformation carefully. You can sk questions shoot anything thet you dan’t
understand or wanf to know more about. Before you decide about taking part or not, you might want to
talk about 1t with somecne you trest. B you dom™ want o takos ek, yom don't hew to.

- If you decide you want to take part in the project, you will be asked to sign the consent form. By
sigming it you are telling us that you:

] Understand what you have read

) Consent to take part in the research project descnibed

) Consent to the use of your personal and health information as described.

You will be grven a copy of this Parhicipant Information and Consent Form to keep.

2 About RehabChat
Participant Information Sheet'Consent Form HREC Ref Mo. 14070 Version 6, 16-11-2021 Page 16
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# BehabChat has been developed by the researchers in consultation with clients and clinicians of
BIRCH South and CAMBI Motivation is important for brain injury rehabilitabion.

» A motvational EehabChat App could belp mmprove recovery after bram imjury.

»  Thas is the first ime that 2 motivational Chat App has been developed for bram injury rehabilitation.

Using a hand-held device How the RehabChat App looks

oy

-

.

T ——— rr———

3 What is the purpose nf*th'ts research?

The amms of this project are to imvestigate

#*  how useful the RehabChat App 15 in rehabilistion care at BIRCH MNeorth, BIRCH South and CAMBIL
and

m  how easy it 15 to use RehabChat

The resulis of this research will be used by Judith Hockimg to obtam a Doctor of Phulosophy degree. This

research has been initiated by, and wall be conducted by, Judith Hocking and the Flinders Digital Health

Research Centre, Finders University (FDHRC).

4 What does participation in this research involve?

All participants will receive mitial traming in using KehabChat on a tablet device. Following this,
EehabChat will be used by a chent’s of vours for a 2-week trial alongside their usual rebabilitation care at
BIECH Morth, BIRCH South or CAMEI You will prowide climcal oversight of vour chent usmg
BehabChat. All paricipants will provide feedback about their expenence at the end of the tal

® Youwill recerve 1:]1 traming in using BehabChat and be able to practise using RehabChat until you
using RehabChat Following this, vou will be asked to provide some feedback about RehabChat This
will take approcimately one-hour.

& Youwill then screen vour current chents (with whom vou have been providing care for at least three
appointment sessions) for elipbility fo be imvolved mn the pilot frial.

* Youwill supervise any of vour chents that are recnmted to the study whilst they use RehabChat for 2
weaks along=ide their usual rehabilitation.

At the start and finich of KehabChat being used by vour chent's, yvou will complete a senes of
questiommaire questions —ths will take approsmately 20 minutes each time. At the end of the tmal, you
will complete a short questionnaire about vour expenience supervising your client using RehabChat, and
participate m a 1:1 mterview with Tudith Hocking to discuss your expenience and views about nang
FehabChat in your clime.

If you are interested in taking part in thes research you will be asked fo read and s1gn a consent form
before any part of the study 15 completed.

4, a) Details of the 2-week frial using RehabChat alongside usual care
Particpant Information Sheet/Consent Form. HREC Ref Mo, 14079 Version &, 16-11-2021 Page 2ol &
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- You will also have an interview with Fudith to discuss your expenences of using RehabChat, and
fimshed using RehabChat

- You will uze RehabChat to do the following (zee the Flowchart below):

- Sat a rehamlitation goal that you want to work towards

- Decide on some steps vou can achieve in the 2 weeks, to help vou work towards your goal

- Record the details of two activities that you will practice at home — your clinscian will preseribe these
- Practice vour home program actvities at home

- Review vour progress towards achieving vour rehabilitation goal

Flow-chart: using RehabChat for 2 weeks alongside your usual rehabilitation care

1. Decide on your rehabilitation goal

2. Enter in the details for your home program

—=

3. Use RehabChat at home to help
you practice your home program

» /

4. You and your clinician re\ww;mﬂ
progress at the end of the 1% week

N

5. lfme&-ed, change the home program details
6. Contime to use FehabChat at

home for your home program

7. You and your clinician review your progress at the end of the 2°! week  Finish!

5 Other relevant information abouwut the research project

This research project has been demigned to make sure the researchers interpret the results farrly, and doa't
Jump to conchesions.

. Up to 2] parhicipants will be taking part m this project at BIRCH Morth, and'or BIRCH South
and'or CAMBI: up to 15 clients, and up fo § clincians.

) We will take an audio recording of the mterview =o that your feedback can be accurately
collected and analysed

Participant Information Sheet'Consent Form HREC Ref Mo. 14070 Version &, 16-11-2021 Page 3af&
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L] Results from this project may be mcluded i publicahions or presented at conferences or m jowmal
articles. Mo identifiing infoomation of the parbeipants wall be shared out=ide of the project, nor in any
report or other write-up or presentation of the project.

- Your participation wall not affect any nghts you have fo compensation under commeon law.

L] There are no costs associated with parhcipating in this research project.

- After this project 15 finished, you will not have any follow-up from the researchers.

G Do | have to take part in this research project?

It 15 your choice if you want to take part i this project or not. If vou do not wish to take part, vou do not
have to. If you decide to take part and later change vour mind, vou are fiee to withdraw from being in the
project at any time.

) If you do demde to take part, you will be grven this Paricrpant Infoemation and Consent Form to
s1gn and vou will be given a copy to keep.

- Whether you take part or not, or if you take part and then later withdraw, will not affect your
chmiecal care at BIRCH Marth, BIRCH South or CAMBL, Ay, ¥ win ™t affoot vour relationship with staff
at BIRCH North, BIRCH South or CAMET, or your relatonship with the researchers.

T What are the possible benefits of taking part?

There are no divect benefif= to you 1if you take part mn this research; hewever, your partcipation will help
develop a motivational RehabChat App which could be used by people with a fraumatic bram mury. As
well, all client-participants will be paid a $25 Coles Myer gift card to acknowledge their efforts.

FehabChat is in 1ts early stages of development and 15 not yet proven to be clmically effective.

8 What are the possible risks and disadvantages of taking part?

- When using RehabChat, you may become tired or stressed. If this does happen, please talk o
vour climman or diseuss it with the research team.

- The research team will aim fo resolve any questions or 1ssues prompily.

- You can tell us if you are womed or feel uncomfortable about anything during the project.

L I oseded, yon may Lks to conteet “Bervond Bine' sonnseltiog on Free call 1800 010 630, The
Confidentiality
The research team will keep data and informahion confidential and secure.

9 What if | withdraw from this research project?

If you do consent to participate, you may withdraw at any time.

If you decide to withdraw from the project,

- please notify a member of the research team befors vou withdraw

- vou will be asked to complete and sign 2 *Withdrawal of Comugent” fiwm: this will be provided fo yvou
by the research feam

- the researchers will not collect additronal mformation from you

-  information already collected will be retained to ensure that the results of the research project can be
analysed properly and to comply wath law.

You should be aware that data collected up to the tme you withdraw be included i the ressarch results.

10 Could this research project be stopped unexpectedly?

Thas research project may be stopped unexpectedly for a vanety of reasons such as research member/s
becomung 1ll. As well, the researchers may recommend that vou cease your involvement in this project if
this 15 1n your best interasts.

Participant Information Sheet'Consent Form HREC Ref Mo. 14078 Version &, 16-11-2021 Page 4 of &
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11 What happens when the rezearch project ends?

At the end of thus study, we can provide you with a summary report of the research zo that vou can be
aware of the cutcomes. Indridual results will not be available. If you are inferested m receiving a
summary of the study findings, please discuss with the researcher. The research team wall othersize not

Part 2 How is the research project being conducted?

12 What will happen to information about me?

By sipming the consent form, vou consent to the research team collechng and vsmg personal mformaton
about vou for the research project. Any mformation obtained in connection with this research project that
can 1dentify you will remain confidential. Your information will only be used for the purpose of ths
research project and 1t will only be disclosed with vour permission, except as required by law.

. The personal information collected 1 this project 15 mdnadually 1denhfiable, and will melede:
vour name contact details, ape, gender, ocoupationvocation, and details about vour prior experiencmg
using technology and chatbots. Dunng this project, your medical ! health records will not be reviewed at
all. When wsmg FEehabChat, vou wll only use vour first name or nickname, and not enter any confidential
information.

L] Andio recordings will be taken of the mmterview. Any confidential mformation will be deleted
form the audio recording prior to 1t being transcribed into fext. This ensures that no individual can be

- Information and data gathered dunng this project will be stored securely and confidenfially on the
Flinders Unversity Cloud drive under password control or in a locked filing cabinet at the Flinders
Dhpital Health Ressarch Centre (FDHEC). Only the research team will have access to the data. All
records and data from this project will be deleted or destroved after five yvears from when the project 1=
completed, or from when this ressarch 15 published.

- The software company — Clevertar - stores the data entered into RehahChet Cleverbe™s privecy
policy explains bow informahion entered mnto RehabChat wnll be managed; this policy can be found at
hittp: (2020 clevertar com/privacy-policy! .

] Results of this project may be pubhished and'or presented 1n a variety of forums and may belp
plan future research. Confidentiality will be assured by pot including any 1dentifying mformation about
you m published reports or presentations about this research project, or n future research which uses
project and for the fature research deseribed that can identi fy you will be treated as confidential and
securely stored.

- In accordance with relevant Australian and'or South Australia privacy and other relevant laws,
you have the nght to request access to your mformation collected and stored by the research team. Yom
also have the nght to request that any mformahon with which vou disapres be comrected. Please contact
the study team member named at the end of this document if vou would hke to aecess vour mformation.

13 Complaints and compensation

If you suffer any distress or psychological stress 2= a result of thes research project, vou should contact the
research team as soon as possible. You will be assisted with amranging appropnate treatment and support.
You are welcome to disouss your needs by contacting your treating health professional, or Beyond Blue
(ph 1300 224 636). This research 15 covered by Flmders Unrversity Indemmnity Insurance.

14 Who is organising and funding the research?

The FDHEC 15 orgam=ing ths ressarch. Mo finding 1= bemng recerved for this project. No member of the
research team will receive a personal financial benefit from your involvement in this research project
(other than therr ordmary wages). You or your family will not benefit financially from participating m ths
research project even if, for example, knowledze gamed from the project proves to be of commercial
value to Flinders Unrversity, or leads to discovenes that are of commercial value to Flinders Umiversaty,
the ressarchers or their mshtuhons.

Participant Information Sheet'Consent Form HREC Ref Mo. 14078 Version &, 16-11-2021 Page 5ol &
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15 Who has reviewed the research project?

Al research m Anstralia involving lumans 15 eviewed by an independent group of people called a
Human Research Ethics Commttes (HREC). This project wall be camed out accordimg to the Natiomnal
Statement on Ethical Conduet in Human Rezearch (2007). This statement has been developed to protect
the mterests of pecple who agree to parficipate m buman research studies. The Central Adelaide Local
Health MNetwrork Human Research Ethies Committes has reviewed and approved this project.

16 Further information and who to contact

The person vou may need to contact will depend on the nature of your query — see below for details. If
you want any fiurther mformation concermng this preject or if you have any problems which may be
related to your involvement in the project, you can contact the researcher on {018) 8201 2226,

Research contact person

Mame Judith Hocking
Position Lead Researcher, PhD Candidate, FDHRC
Telephone FHEHEHE
Email HEHEE
Mame FERERERE
- Rezearch Coordinator, SABIRS meluding BIRCH Morth, BIRCH South and
Position
CAMBI
Telephone FHEHEHER
Email hirarsciiias

For matters relating to research at the site at which you are participating, the details of the local
site complaints person are:
Complaints contact person

HREC N Central Adelaide Local Health Network Human Besearch Ethies Commuttes
ame {CALHN HREC)

Contact HREC Exeentive Officer, contactable through the HREEC Support Officer

Telephone R

Emiail i i

If you have any complaints about any aspect of the project, the way it iz being conducted or any
questions about being a research participant in general, then you may contact:
Reviewing HREC approving this research and HREC Executive Officer details

Ceniral Adelaide Local Health Network Human Research Etlnes Commuttes
AREC Name (CALHN HREQ)
Contact HEEC Executive Officer, contactable through the HREEC Suppert Officer
Telephone ———=
Email i pirisiaias

Local HREC Office contact

Mame T
Position Manager CATHM Research Office
Telephone e e
Email P

Participant Information Sheet!
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ERSITY
Consent Form - Aduit providing own consent
Mixed methods feasibility pilot trial of a Motivational

Title Embodied Conversational Agent for Brain Injury

Rehabilitation
. Using a Motivational RehabChat App for Bram Injury

Short Title Rehabilitation

Protocol Number 14079

Principal Investigator A/Prof Belinda I ange

Associate Investigator(s) David Powers, Dr Lua Panmal -1 ewns, Prof Antheny
Maeder

Horth (BIRCH Morth), Hampstead Rehabilitation
Centre, Lightzwiew SA; Concussion and Mild Bram
Injury service (CAMBT), and Brain Injury
Rehabilitation Commumity and Home, South (BIRCH
South), Repatnation Geperal Hospital, Daw Park SA

Locations

Declaration by Participant
I have read the Participant Information Sheet or someone has read it fo me 1 a lanpuage that I understand.

I understand the purposes, procedures and nsks of the research desenbed 1n the project. ] understand that

audio recordmes will be taken of 1:1 inferview and that the recording will be de-identified and transcribed
to text.

I have had an opportumity to ask questions and I am satisfied with the answers I have recerved. I have had
the opportunity to discuss my participation m this study with a famuly member, finend or support person

I freely apres to participate in this research project as desenbed and wnderstand that I am free to withdrawe
at any timse during the project without affecting my fitture care.

I understand that I wall be given a signed copy of this document to keep.

Mame of Participant (plesse prind)

Signature Date

I have given a verbal explanation of the research project, 1ts procedures and risks and I beheve that the
participant has understood that explanafion

Mame of Researcher? (please print)

Signature Date

t An appropriately qualified member of the reseanch team omest prowide the explanation of, and mformation concerning, the
research project.
Mote: All parhies sigmmg the consent sechion mmst date therr own signature.

Participant Information Sheet/Consent Form. HREC Ref. No. 14078 Version &, 3-11-2021 Page1 of 1
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a Centre

Form for Withdrawal of Participation - Adut providing own consent

Mixed methods feasibity pilot tnal of a Motivational

Title Embodied Conversational Agent for Bram Injury
Rahabilitation
y Using a Motivational FehabChat App for Brain Injury
Short Title Rehabilitati
Protocol Humber 14079
Principal Investigator A/Prof Belinda Lange

Associate Investigaton(s) mﬂlfpmgf Drlmféﬂ];ﬂgmﬂ ]n' Pr;fﬁg;‘;d
Brain Injury REshalihitztion Compmnyty and Home,
Morth (BIRCH North), Hampstead Rehabalitation Centre,
Lightsview SA; Concussion and Mild Brain Injury
service (CAMBT), and Brain Injury Rehabibtation
Comrmnity and Home, South (BIR.CH South),
Repatnation Geperal Hospital, Daw Park 54

Locations

Declaration by Participant

I wish to withdraw from participation in the above research project and understand that such withdrawal
will not affect my routine care, or myy relahonships with the researchers or BIRCH Nerth, BIRCH South
or CAMBI

Mame of Participant (please prind)

Signature Date

Tathe evont thet tve partiolzant’ s dealslon to withdorer bt sonimnleated verbally, the Suslor Resoandhor st provide
a description of the circumstances below.

Declaration by Researchert
I have given a verbal explanation of the impheations of withdrawal from the research project and I
beheve that the participant has understood that explanation.

Mame of Researcher (pisass print)

Signature Date
An appropriately qualified member of the ressanch feam ot prowide information concerning withdrawal from the research
project.
Note: All parties sigmng the consent section mmst date therr own signature.

Particpant Information Sheet/Consent Form. HREC Ref. No. 14078 Version &, 3-11-2021 Paget of 1
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Appendix XVII: Feasibility pilot trial — Promotional poster

Promctional poster. HREC Ref. Mo. 14079 Version 4. 16/11/21

Would you like to try using a RehabChat App during
your rehabilitation?

Would you like to use RehabChat for two weeks alongside your usual

rehabilitation care at BIRCH North, BIRCH South or CAMBI?

We want to hear your thoughts about what you think about RehabChat.
Using a hand-held device How the RehabChat App looks

# Are you a client at BIRCH North, BIRCH South or CAMBI?
= Are you English-speaking?
* Are you aged 18 years or older?

Please contact Judith Hocking:
Ph. (08) 8201 2226; 0466 275 004. Judith.hocking@flinders.edu.au

» Clients with traumatic brain injury, and dlinicians of BIRCH South (Brain Injury Rehabilitation
Community and Home, South), BIRCH Morth and Concussion and Mild Brain Injury (CAMBI)
service are invited to try using RehabChat for 2 weeks.

» All participants will receive initial training in how to use RehabChat. Client-participants will then
use RehabChat for 2 weeks with their clinician providing support for this.

» Client-participants will receive a 525 Coles-Myer gift card to acknowledge their efforts.

» Client-participants must be able to use a hand-held tablet device and be able to provide their
own consent.

Project fitle: Uising a Muotivationsl Emibodied Cosversational Azent for Brain injury Rehabilitation. This research is being conducted by reseanchers from Flinders

Unifversity and South Australian Brain injury Refatilitation Service |SABIRS). This research has been approved by the Central Adelaide Local Health Retwork

Human Research Ethics Commiittee. Ethics approval number 14079,
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Appendix XVIII: Feasibility pilot trial — Repeated measures screening

guestions
0 - 10 self-rating scale*
Domain Question
0 1 10
Anxiety How anxious / stressed | 0 = not at all 10 = extremely

do you feel today?

anxious / stressed

anxious / stressed

Depression | How depressed / sad
do you feel today?

0 =not at all
depressed / sad

10 = extremely
depressed / sad

Motivation | How motivated /
enthusiastic do you
feel today?

0 =not at all
motivated /
enthusiastic

10 = extremely
motivated /
enthusiastic

Energy How energetic / active
do you feel today?

0 = not at all
energetic / active

10 = extremely
energetic / active
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Appendix XIX: Feasibility pilot trial — User testing question guide

Main themes

Main questions

RehabChat: impressions and
feedback

What do you like about RehabChat?
What don’t you like about RehabChat?
What was easy to use in RehabChat?
What was difficult to use in RehabChat?

[Consider: how the ECA dialogues were phrased and presented
conversationally to the user as a language/dialogue mechanism]What
features of the user guide are helpful?

RehabChat: meeting client
needs

How do you think your clients will find using RehabChat?

In order to optimise how well your clients can use RehabChat, what
needs to be changed?

User guide: impressions and
feedback

What features of the user guide are helpful?

What features of the user guide were not helpful?

User guide: meeting client
needs

How do you think your clients will find using the user guide?

In order to optimise how well your clients can use the User Guide, what
needs to be changed?

Using in clinic setting

How do you think it will go using RehabChat alongside usual rehabilitation
care at your clinic?

In order to optimise how well it will go using RehabChat alongside usual
rehabilitation care at your clinic, what needs to be changed?

Other

Is there anything else you would like to say about RehabChat?
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Appendix XX: Feasibility pilot trial — User guide

-

Flinders Digital
o Health Research
Flinders | “€ntre

MHIYERFITY

RehabChat: User guide for clients & clinicians

Open RehabChat on the iPad
1. Keep iPad well charged

2. Turn on iPad
3. Check that there are no internet browser screens open

4. Click to open RehabChat

RehabChat
g
a. For training module: click on ‘RehabChat Training’

b. For rehabilitation module: click on ‘RehabChat’

c. RehabChat will then launch on your iPad like this:

RehabChat — User Guide. HREC Ref. Mo. 14079 Version 6. 16-11-2021
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Quick tips for your RehabChat conversation

a. Scroll through your conversation: use 2 fingers to scroll

AR N P S Y
R rr ey te v Trprinrss

b. To hear the same dialogue read again: if the avatar has finished reading
the dialogue, click on the avatar to hear it read out again.
c. If the avatar is speaking the dialogue and you want silence: Click on the

avatar to stop the talking just for that dialogue

d. To silence the avatar for longer: Click on the mute button. Click again to
restart talking

RehabChat —User Guide. HREC Ref. No. 14073 Version 6. 16-11-2021
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Close RehabChat

1. Minimise RehabChat while you have a rest break: dick ™' in top corner

-

e Tl e A by Wnger
o Voravsiee v ez

a. It will then appear as a simple icon: °

b. Click on this icon to open RehabChat again after your rest
2. Close RehabChat for the day
a. click on the iPad home button; this will close RehabChat fully

3. Keep your iPad fully charged

Please contact Judith Hocking with any queries

® Phone #Hi#H##i
» Email #i##EE

RehabChat — User Guide. HREC Ref. Mo. 14073 Version 6. 16-11-2021
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Appendix XXI: Feasibility pilot trial — Interview question guide for clinicians

Main themes

Main question

Secondary questions / points to consider

What liked?

What did you like about RehabChat?

- aspects regarding RehabChat on the tablet

- aspects regarding how RehabChat was used alongside usual care

What not liked?

What didn’t you like about RehabChat?

- aspects regarding RehabChat on the tablet

- aspects regarding how RehabChat was used alongside usual care

Client’s motivation (and
energy levels)

Do you think RehabChat changed how motivated your
client felt with their rehabilitation? Please explain.

Do you think using RehabChat changed how energetic your client felt? Please explain.

Client’s stress (anxiety
and depression)

Do you think using RehabChat caused any stress for
your client? Please explain.

Do you think using RehabChat caused any anxiety or depression symptoms for your
client? Please explain.

Context —clinic

How well does RehabChat help to meet the needs of
clients receiving care at clinic?

In what ways does RehabChat address the needs of
clients at [your] clinic?

Ensure are asking just for the clinic from which the participant comes.
- give examples of needs being considered

- examples of how RehabChat helps meet specific need/s

Context —home

How well does RehabChat meet the needs of a client
when practising a home program?

- give examples of needs being considered

- examples of how RehabChat helps meet specific need/s

WCAG - Operable

How easy did you find using RehabChat on the tablet
device? Please explain.

How easy was it for you to support your client using
RehabChat on the tablet device?

- ease of typing and clicking

- amount of typing, clicking

- reaction to needing to use tablet keyboard for all interactions with RehabChat
- sense of any time pressure

- can revisit previously entered data

- progress/navigate through conversation in correct order

WCAG - Perceivable

How clear was the design of RehabChat clear to look
at and to listen to?

- audio clarity
- text content easy to read

- text content able to be understood
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Main themes

Main question

Secondary questions / points to consider

- visual design of avatar

- HCI display clarity

WCAG -
Understandable

How easily could you understand the RehabChat
conversations?

How much did you need to support your client/s to
understand the RehabChat conversations? Please
give examples.

- how well could you understand what was said? / the written text?
- did you know how well did you know how to navigate and use the screen display?
- how useful were the help hints in RehabChat?

- after you had entered your responses, did you feel you could check what you'd
entered? — How/why?

UTAUT - Performance
expectancy

How do you think using RehabChat benefits your
clients?

- clinician: optimise engagement in my clients

UTAUT - Effort
expectancy

How much effort do you think your client needs to
expend to use RehabChat?

What parts of using RehabChat do your clients need
to expend more effort?

- amount of effort for each area of effort mentioned

- areas of effort may relate to training needed, needing to juggle RehabChat as
another variable in care journey

UTAUT - Attitude
toward using

Do you think using RehabChat is a beneficial thing for
your clients to do? Why?

- level of enjoyment using RehabChat

technology - does using RehabChat make rehabilitation more interesting?

- does using RehabChat make rehabilitation more fun?
UTAUT - Social How much did the clinical or home environment - who were the people that had an opinion on you using RehabChat? (e.g. clinic staff,
influence influence how your client used RehabChat? family, friends etc.)

How much did the clinical environment influence your
use of RehabChat? Why/how?

: and what were their opinions?

: and how have these options affected your client’'s use of RehabChat?

UTAUT - Facilitating
conditions

Do you feel you had everything you needed to use
RehabChat well?

Do you feel you had everything you needed to
support your client to use RehabChat well?

- enough training
- enough practice time prior to independent use
- able to contact the research team for support

- able to ask questions and get answers in a timely way




9GE

Main themes

Main question

Secondary questions / points to consider

UTAUT - Self-efficacy

In what way does RehabChat help you to support
your client to achieve rehabilitation goal?

What extra resources or help do you need so that you
can best support your client to achieve their
rehabilitation goal using RehabChat?

- being left to do things independently

- having someone to call on when | needed help

- having enough time to work through the steps of using RehabChat

- having new/more resources in / in-built into RehabChat for helping me when needed

- having someone to guide you through it

UTAUT - Anxiety

Do you have any concern about supervising clients to
use RehabChat? — please explain

Were you worried about supervising clients to use
RehabChat? — please explain

Did anything in the training or intervention aspects of
this study cause you to feel anxiety?

- anything specifically that may have caused anxiety, or worry

- if RehabChat makes the user feel inferior or intimidated

UTAUT - Behavioral
intention to use the
system

Have you thought whether you would like to continue
using RehabChat in your clinical work if you had the
opportunity? — why/why not?

If so, for how long do you think you would like to use
RehabChat in your clinical work in the future?

- for how long would you like to continue using RehabChat?
- Why would you like/not like to continue using RehabChat?

- ask in months

Context —workflow

How does using RehabChat impact upon your work?

- workload
- workflow

- style of work

Context —
quality/effectiveness of
care delivered

How does RehabChat impact (or may impact upon)
the quality of the care that they deliver?

How does RehabChat impact (or may impact upon)
the effectiveness of the care that they deliver?

How well did you think you were able to provide
clinician oversight of your client using RehabChat?
Please explain

- care activities which use RehabChat as being those areas most likely to be directly
affected

- other areas may be indirectly affected by attention being drawn away from these
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Main themes

Main question

Secondary questions / points to consider

Context —
client/clinician
relationship

How has using the ECA impacted upon the
relationship you have with your client?

- rapport level
- time available in sessions

- sense of understanding client’'s needs

Clinical — safety

Do you have any concerns about the safety of
RehabChat?

Do you have any concerns about confidentiality when
using RehabChat?

Could the ECA cause any safety concerns?
Could the ECA exacerbate any symptoms?
Are you concerned about data safety?

Do you think RehabChat details are kept safe and confidential?

Recommendations for
change

What should be changed in the design of
RehabChat?

What should be changed in the way RehabChat is
used alongside usual care at your clinic?

Ensure that are asking about the clinic from which the participant is from
- how it functions on the tablet
- using a tablet device

- how it works alongside usual care

Other

Is there anything else you would like to comment on
about your experience of using RehabChat?

Legend: WCAG = Website Content Accessibility Guidelines (20); UTAUT = Unified Theory of Acceptance and Use of Technology (142)
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Appendix XXII: Feasibility pilot trial — Interview question guide for clients

Main themes

Main question

Secondary questions / points to consider

What liked?

What did you like about RehabChat? Why?

- aspects regarding RehabChat on the tablet

- aspects regarding how RehabChat was used alongside usual care

What not liked?

What didn’t you like about RehabChat? Why?

- aspects regarding RehabChat on the tablet

- aspects regarding how RehabChat was used alongside usual care

Motivation (and energy
levels)

Did RehabChat change how motivated you felt with
your rehabilitation? Please explain.

Did using RehabChat change how energetic you felt? Please explain.

Stress (anxiety and
depression)

Did using RehabChat cause any stress for you?
Please explain.

Did using RehabChat cause any anxiety or depression symptoms for you? Please
explain.

Context —clinic

How well did RehabChat meet your needs at [your]
clinic?

How well do you think RehabChat can generally meet
the needs of clients at [your] clinic?

Ensure are asking just for the clinic from which the participant comes.
- give examples of needs being considered

- examples of how RehabChat helps meet specific need/s

Context —home

How well did RehabChat meet your needs when you
were practising your home program?

- give examples of needs being considered

- examples of how RehabChat helps meet specific need/s

WCAG - Operable

How easy was it to use RehabChat on the tablet
device? Please explain.

- ease of typing and clicking

- amount of typing, clicking

- reaction to needing to use tablet keyboard for all interactions with RehabChat
- sense of any time pressure

- can revisit previously entered data

- progress/navigate through conversation in correct order

WCAG - Perceivable

How clear was the design of RehabChat to look at
and to listen to?

- audio clarity
- text content easy to read

- text content able to be understood
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- visual design of avatar

- HCI display clarity

WCAG -
Understandable

How easily could you understand the RehabChat
conversations?

How well could you check your answers entered into
RehabChat, and also change your answers if you
needed to?

What did you think of the prompts that RehabChat
gave you about the types of answers you need to
enter?

- how well could you understand what was said? / the written text?
- did you know how well did you know how to navigate and use the screen display?
- how useful were the help hints in RehabChat?

- after you had entered your responses, did you feel you could check what you'd
entered? — How/why?

UTAUT - Performance
expectancy

How do you think using RehabChat has benefited or
could benefit you in the future?

- client: help me practice rehab tasks/exercises more regularly

- clinician: optimise engagement in my clients

UTAUT - Effort
expectancy

How much effort do you need when using
RehabChat?

What parts of using RehabChat need effort?

- amount of effort for each area of effort mentioned

- areas of effort may relate to training needed, needing to juggle RehabChat as another
variable in care journey

UTAUT - Attitude
toward using
technology

Do you think using RehabChat is a beneficial thing to
do? Why?

- level of enjoyment using RehabChat
- does using RehabChat make rehabilitation more interesting?

- does using RehabChat make rehabilitation more fun?

UTAUT - Social
influence

How much did the clinical environment influence you
using RehabChat?

How much did the home environment influence you
using RehabChat?

- who were the people that had an opinion on you using RehabChat? (e.g. clinic staff,
family, friends etc.)

: and what were their opinions?

: and how have these options affected you and your use of RehabChat?

UTAUT - Facilitating
conditions

Do you feel you had everything you needed so that
you could use RehabChat well?

- enough training
- enough practice time prior to independent use
- able to contact the research team for support

- able to ask questions and get answers in a timely way
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UTAUT - Self-efficacy

In what way has or could RehabChat help you
achieve your rehabilitation goal?

What extra resources or help do you need so that you
can achieve your rehabilitation goal using
RehabChat?

- being left to do things independently

- having someone to call on when | needed help

- having enough time to work through the steps of using RehabChat

- having new/more resources in / in-built into RehabChat for helping me when needed

- having someone to guide you through it

UTAUT - Behavioral
intention to use the
system

Have you thought whether you would like to continue
using RehabChat if you had the opportunity? —
why/why not?

If so, for how long do you think you would like to use
RehabChat for in the future?

- for how long would you like to continue using RehabChat?
- Why would you like/not like to continue using RehabChat?

- ask in months

UTAUT - Anxiety

Do you have any concern about using RehabChat? —
please explain

Were you worried when you were using RehabChat?
Please explain

Would you be worried about using RehabChat again
in the future? Please explain

- anything specifically that may have caused anxiety, or worry

- if RehabChat makes the user feel inferior or intimidated

Context — rehabilitation
effort

Does RehabChat change how much effort you need
to put in for your rehabilitation? If so, how much and
why?

- what areas in rehabilitation need effort?

Context —
quality/effectiveness of
care delivered

How does RehabChat impacts (or may impact upon)
the quality of the care that you or other clients may
receive?

How does RehabChat impacts (or may impact upon)
the effectiveness of the care that you or other clients
may receive?

- care activities which use RehabChat as being those areas most likely to be directly
affected

- other areas may be indirectly affected by attention being drawn away from these

Context —
client/clinician
relationship (client
perspective)

How has using the ECA impacted upon the
relationship you have with your clinician?

- rapport level
- time available in sessions

- sense of understanding clinician’s information to client

Clinical — safety

Do you have any concerns about the safety of the
ECA?

Could the ECA cause any safety concerns?
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Do you have any concerns about confidentiality when
using RehabChat?

Could the ECA exacerbate any symptoms?
Are you concerned about data safety?

Do you think RehabChat details are kept safe and confidential?

Recommendations for
change

What should be changed in the design of
RehabChat?

What should be changed in the way RehabChat is
used alongside usual care at your clinic?

Ensure that are asking about the clinic from which the participant is from
- how it functions on the tablet
- using a tablet device

- how it works alongside usual care

Other

Is there anything else you would like to comment on
about your experience of using RehabChat?




Appendix XXIII: Feasibility pilot trial — final version of RehabChat

18 screenshots of final ECA version of showing key aspects of conversation and user interface

Final version of RehabChat used in feasibility pilot trial: key points of conversation & features of Ul

RehabChat

Welcome to RehabChat! My name is Jo, and | am
your virtual coach. It's great that you'll be using
RehabChat during your rehab.

Please type in your first name or nick name below.
|| Don't use your surname.

First or nick name. (Don't use surname)
[ >

2) Ul: larger buttons & text, androgenous avatar name, &

1) Launch button: simple design; single click to launch Ul smaller screen for avatar; Conv: opening dialogues

Alert Raised RehabChat
-]
e _ElEE\jedrtir;n:\reply@clevertar.mm> 5,24 PM Welcome to RehabChat! My name is Jo, and |
o Juctti focking ‘ am your virtual coach. It's great that you'll be

@ Click here to download pictures, To help protect your privacy, Qutlook prevented automatic
download of some pictures in this message.

using RehabChat during your rehab.

Please type in your first name or nick name
below. Don't use your surname.

Hi Judith.
An alert of Very Low importance has been raised.

Name: Commenced "What's your name'
Thanks Jill. Please let me know the profession
of your therapist. Click below.

Description:
( speech pathologist )( psychologist )
User: ( ccciipational therapist )( physiotherapist )
( exercise physiologist )( social worker )
(anonymous)

education tutor

The alert has been triggered by Brain Injury Rehabilitation ECA MASTER version

3) Generated alert emailed; separate alert for end of each | 4) Ul: MCQs, scroll bar, mute button on; Conv: rapport
sub-conversation; Conv: alert is for opening dialogues building by ‘Thanks’ and introduce by name

RehabChat RehabChat

Jo

Thanks Jill. Please let me know the profession
of your therapist. Click below.
physiotherapist

Thanks Jill - your physiotherapist will give you
the care you need, and answer any concerns you
have.

1 will also be here to help you use RehabChat,
and to guide you through your rehab
conversation.

In your rehab conversation, you can choose to
have a shorter style of conversation or a longer
style of conversation.

Please discuss which style you will use with
your physiotherapist, then select your choice
below.

the shorter conversation style
the longer style conversation

1 will also be here to help you use RehabChat,
and to guide you through your rehab
conversation.

( Sure - | understand that you will not provide my clinical care )

5) Ul: Re-use entered variables (user name; therapist 6) Ul: MCQs; Conv: emphasis on ECA not providing
profession); Conv: emphasis on therapist role care; option to choose long or short conversation style
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Final version of RehabChat used in feasibility pilot trial: key points of conversation & features of Ul

RehabChat

Jo

I'l direct you to the short style conversation.

Jill, you will next choose a priority area for your
rehab that you and your physiotherapist will
focus on for your rehab.

Describe your rehab priority area by finishing
| this phrase:

"The priority area | want to improve in for my
rehabismy...."

| running ‘ 9

RehabChat -

inish this phrase:
run by myself one kilometre

Jill, you've said your goal for the next 6 weeks is
to run by myself one kilometre. How does that

sound?
Great - | really like it

Next, you'll set a small weekly goal for your 1st
|| week. This is like a stepping stone to reaching
your main goal.

"The weekly goal for my 1st week is to be able to

[>

‘ walk twice around the block|

7) Ul: placeholder above text entry box reduces amount
of dialogue spoken by avatar; Conv: rehab priority area

8) Ul: short dialogues of 2-3 lines; Conv: SMART
aspects for main goal and 15t week sub-goal

RehabChat
That's great Jill, your weekly goal is to be able to
walk twice around the block.
How does that look?
It looks good
That's great Jill - you've set your main goal and
your 1st week goal.

Now take time with your physiotherapist to
| | discuss two practice activities for you to do, and
a symptom to monitor for.

When you've both decided on these, you will
enter the details into RehabChat.
Click below when ready.

RehabChat

around the block!

You'll need a Reminder System to remind you to
do your practice activities.
Decide on your Reminder System. Then write the

name of it below.
mobile phone alarm
Jo
| Next, please choose an option below:

I need to enter details for my practice
activities

Which practice activity will you enter details for
now?

B LR (1 practce oty ) (my 20d practie activiy )

9) Ul: use of confirmation click button to help pace flow of
conversation; Conv: advise on next steps

10) Ul: Avatar shows subtle idling gesturing & smile;
Conv: user can confirm each step of dialogues

RehabChat

| | How many times, or for how long will you do
i jogging on the spot?

RehabChat -

spot? - for example, once or twice.

Thanks Jill! For your 1st practice activity of
jogging on the spot, you'll practise this by stand
next to lounge, hold it with one hand, for 1

minute, 5 times each day.

What is the symptom you need to check for
|| when doing your 1st activity of jogging on the

symptom to be checked for 1st activity

[>

| getting breathless|

11) UI: 'skip’ visible as Jo speaks, click it to mute Jo for
one dialogue & go to text; Conv: practice activity details

12) Ul: Placeholder focuses user attention on key point;
Conv: practice activity summary; symptom to check for

363




Final version of RehabChat used in feasibility pilot trial: key points of conversation & features of Ul

RehabChat

Complete the sentence:
resting until it resolves

Jill, for your jogging on the spot activity, you'll
monitor for breathlessness, and if you get this,
you can manage it by resting until it resolves.

That's correct

| | Thanks Jill for entering those details. Now
| double-check if there's anything else you need to
| update - click below.

( My 1st activity )( My 2nd activity )

My symptom details

( Everything is updated; I'm ready to do my practice activities )

RehabChat

Remember to check for any breathlessness
symptom. If you experience this, you can
manage it by resting until it resolves.

Take your time now to do your jogging on the
spot. Remember to check for breathlessness.
When finished, click below.

That's good Jill. Do you now need to complete
your other practice activity?

( Yes, my 1stactivity )( Yes, my 2nd activity )

( No, I've finished both of my activities )

13) Ul: extra MCQs require larger section in lower right
corner of screen; Conv: use of variables in summary

14) Ul: mute allows just text to be read with no speaking
by Jo, & conv progresses more quickly; Conv: cues for
home practice

RehabChat -
I'm ready for my weekly review

You're now ready to review your weekly goal.

I'l direct you now to the HomeScreen, so you
can choose to review your weekly goal.

| Jill, in this HomeScreen section of RehabChat,
you can choose which part of your conversation
you would like to go to.

Choose which conversation section you would
like to go to now.

( Doing my practice activities ) ( Review my weekly goal )

( Review my progress at end of 2 weeks )

RehabChat

able to run by myself one kilometre.

How well did you achieve being able to run by
myself one kilometre? Discuss this with your
physiotherapist.

fairly well - | achieved more than half of
it

| Why do you think you were able to achieve some
progress towards your main goal of run by
myself one kilometre?

( ensuring | had enough time to do my practice activities )

remembering what motivated me

( focusing on my rehab goal ) ( something else )

15) Ul: Multiple choice gives time for user to pause &
think; Conv: ‘HomeScreen’ offers redirection options for
next step

16) Ul: predictable wording & structure e.g. ‘choose an
option below’ precedes MCQs; Conv: review progress at
end of 6/52

RehabChat

myselt one kilometre? Discuss this with your
physiotherapist.

fairly well - | achieved more than half of
it

Why do you think you were able to achieve some
progress towards your main goal of run by
myself one kilometre?

Choose an option below.

something else

|| Describe this by completing the phrase:

"I progressed to being able to run by myself one

kilometre because of ... "
|}~ann’ng to be fitter | o

RehabChat

Why do you think you were able to achieve some
progress towards your main goal of run by
myself one kilometre?

Choose an option below.
something else
Jo

| | Describe this by completing the phrase:
A
Y
\ doing practice activities every day

0
Jill, you've said that you progressed to being

able to run by myself one kilometre because of
‘doing practice activities every day'.

( That's correct )( I need to change something )

17) Ul: Placeholder content uses sentence stem; Conv:
partial success built upon by focusing on what helped
progress

18) Ul: option of reviewing entered content & being able
to confirm or change it; Conv: reinforce useful strategies

Legend: Ul = user interface capabilities; Conv= conversation content; MCQ = multiple choice question.
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