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ABSTRACT
In this paper we present the results of a qualitative study with ther-
apists to inform social robotics and human robot interaction (HRI)
for engagement in rehabilitative therapies. Our results add to grow-
ing evidence that socially assistive robots (SARs) could play a role
in addressing patients’ low engagement with self-directed exercise
programmes. Specifically, we propose how SARs might augment or
offer more pro-active assistance over existing technologies such as
smartphone applications, computer software and fitness trackers
also designed to tackle this issue. In addition, we present a series
of design implications for such SARs based on therapists’ expert
knowledge and best practices extracted from our results. This in-
cludes an initial set of SAR requirements and key considerations
concerning personalised and adaptive interaction strategies.
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1 INTRODUCTION
It is well acknowledged that the success of rehabilitative therapy
is related to the amount of exercise or practice the patient carries
out (e.g. [25], [23], [22]). Rehabilitation therefore typically relies on
the patient completing significant amounts of self-directed exer-
cises in-between therapy sessions, however low engagement with
such exercises is a known issue (e.g. [21], [9], [33]). Using socially
assistive robots (SARs) to tackle low engagement in rehabilitative
therapies is still relatively unexplored compared to e.g. in autism
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therapy with children [3]. Preliminary experiments suggest that
SARs can have a positive impact on engagement/ motivation in
such applications, particularly in stroke (e.g. [29], [35], [13]) and
cardiac rehabilitation [16]. However, detailed research into the re-
quirements and design of interaction strategies and behaviours for
such robots is yet to occur.

We hypothesise that using SARs in rehabilitative therapies could
improve patient engagement by facilitating self-practice exercises.
However, we suggest further research into the detailed design of
interaction strategies and behaviours for such robots is required
if they are to have maximum positive impact. User-centered and
qualitative design methods are increasingly employed in designing
SARs and informing their interaction behaviours (e.g. [17], [19],
[1]). Considering the real world deployment of SARs in therapy,
therapists are both domain experts and also potential end-users.
Specifically concerning SARs for use in therapy, this is the first study
to our knowledge which takes an expert-informed/user-centred
design approach to generating initial design requirements and robot
behaviour guidelines.

2 RELATEDWORK
Concerning SARs for engagement in therapy, Kang et al. undertook
one of the first feasibility studies demonstrating their potential by
demonstrating a hands-off robot for encouraging breathing exer-
cises in a hospital setting [15]. Gockley and Mataric then demon-
strated that even very simple robot behaviours might have an im-
pact on compliance with stroke rehabilitation exercises [13]. This
was further developed by Tapus and Mataric who highlighted the
link between personalised robot behaviours and user task perfor-
mance in e.g. stroke rehabilitation exercises [30]. A more recent
study considering SAR feedback styles again demonstrates the util-
ity of SARs in rehabilitation, with users showing improved task
performance during an sessions [29].

Whilst these studies demonstrate the potential for SARs in ther-
apy, they are primarily concerned with testing impact rather than
exploring use cases, generating design recommendations or in-
forming robot behaviour design. Concerning feasibility, previous
studies with users and/or healthcare professionals have explored
the the use of SARs for older adults, e.g. for mental health [14],
long term care [19] and home assistance [37]. Previous attempts to
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Table 1: Study Participants

Study Participants

Focus 8 Physiotherapists (P1 - P8)
Groups 7 Occupational Therapists (OT1 - OT7)
(N = 20) 3 Speech Therapists (SL1 - SL3)

2 Sports Rehab. Therapists (SR1, SR2)

Interviews 3 Physiotherapists (P1, P2, P6)
(N=8) 2 Occupational Therapists (OT1, OT6)

3 Speech Therapists (SL1, SL2, SL3)

design social robots and other assistive technologies for engage-
ment and motivation have typically utilised theoretical models from
psychology (e.g. behaviour change theory [7]), ethnographic ob-
servations of human interactions [28] or machine learning (e.g. [4],
[18]). As such, this work aims to explore the role of SARs in reha-
bilitative therapies specifically, and to generate expert informed
design recommendations and SAR behaviour guidelines for further
investigation.

3 RESEARCH QUESTIONS
The aim of this study is to explore the potential for SARs to be
used in rehabilitative therapy with domain experts (therapists) in
order to inform future development of appropriate HRI strategies.
In order to first give strength to our hypothesis that SARs could be
beneficial for engagement in therapy, we ask:
i) what is the importance of self-practice in therapy, and how is it
typically facilitated?
ii) how might SARs be useful in supporting rehabilitative therapies?

In order to generate design recommendations and inform HRI
strategies to be tested with end users, we then ask:
iii) how is engagement measured?
iv) what is the role of a therapist in influencing patient engagement?
v) how might we tailor SAR behaviours to individual patients?

4 MATERIALS AND METHODS
This study consisted of 5 focus groups and 8 interviews with thera-
pists from a range of disciplines (occupational therapy, physiother-
apy, sports rehabilitation therapy and speech & language therapy)
as listed in Table 1 (total pool N = 21, 3 male & 18 female, average age
40.5). Note that all interview participants apart from SL4 also took
part in a focus group. Therapists were recruited by email commu-
nications to local hospitals, private practices, through advertising
to university staff and through communications to contacts of the
research team. Demographic information collected included time
since qualified, time spent practising since qualified and typical
service areas/ users worked with. All focus groups and interviews
were carried out at the Bristol Robotics Laboratory. This study was
approved by the ethics committee of the Faculty of Environment
and Technology of the University of the West of England.

4.1 Focus Groups
Given our hypothesis concerning SARs for self-practice, we first
wanted to explore the role and facilitation of self-practice in therapy.

Additionally wewanted to see how therapists envisaged SARs being
useful in therapy more generally. The focus group schedule, given
in Table 2, was designed to explore these issues in addition to factors
that might impact patient engagement. For this, we used a ranking
exercise to facilitate reflective in-group discussion. Participants
were randomly allocated to one of five focus group sessions based on
availability. All discussions were moderated (following guidelines
from qualitative methods literature [2]) by the first author. Focus
groups lasted between 60 and 100 minutes.

We predicted that few participants would be familiar with the
concept of SARs. As such, we decided to give two on-topic demon-
strations using the robot Pepper1 half way through the focus group.
This allowed us to explore the use of SARs both whilst participants
were still naive and then again when they were more informed
about the technology. Throughout all discussions a collage of im-
ages showing an additional 10 different social robots was put on
screen. The moderator also referred to these during discussions to
make clear that Pepper is just one example of a SAR.

The first demonstration showed Pepper facilitating some typical
wrist exercises for arthritis; Pepper explained the exercise with ref-
erence to images on the tablet, imitated checking the user’s motion,
counted hold times and gave encouragement. The second demon-
stration showed Pepper facilitating preparation of a microwave
meal; Pepper gave step by step instructions and prompts, again
with reference to images on the tablet. The demonstrations were
live, with the moderator playing the role of a patient (undertaking
the requested exercise, providing verbal responses of yes/no as
appropriate etc) and interacting with Pepper directly.

4.2 Interviews
The interview schedule, given in Table 3, was designed to explore
the role of the therapist with respect to patient engagement in more
detail. It was refined based on the results of the focus groups, which
suggested the importance of personalised approaches for different
patients. Interviews were carried out on a 1:1 basis, at a later date
to the focus groups. Interviews were also led by the first author,
and lasted between 50 and 105 minutes.

Ahead of the interview, we asked participants to think about
two patients ‘who have different levels of adherence, engagement
or differing motivational needs’. We started the interview talking
about those patients before talking about different patient needs
and approaches more generally. In order to explore the concept of
a categorisation framework, which we initially identified as one
possible method of generating semi-personalised robot behaviours,
we used the National Health Service (NHS) Healthy Foundations
Life-stage Segmentation Model Toolkit [8]. This tool identifies 5
personas with different motivation to engage in a healthy lifestyle,
and was designed primarily to inform health intervention design.

4.3 Analysis
Focus group and interview data were coded for key results using a
combined deductive and inductive approach to coding [11]. This
approach consisted of initial codes being generated based on the
literature review and research questions. Two members of the re-
search team then independently coded a transcript with this and
1https://www.ald.softbankrobotics.com/en/robots/pepper
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Table 2: Focus Group Schedule & Topic Guide

Pre-Session Questionnaire

Acceptance & usability based on UTAUT [32]
Semantic difference on where robot can be most useful

Pre-Demo Discussion

Initial thoughts on use of robots in therapy and application
ideas
Prescription of self-directed exercises or tasks at home
Reporting of self-directed exercises: use, accuracy, methods
Engagement and motivation: how to monitor and influence
[Group Activity] Ranking of factors affecting engagement
taken from literature plus any additional identified
Project Presentation & Robot Demonstrations

Brief (10 minute) presentation covering project aims and re-
lated literature
Pepper demo 1: Exercise based physiotherapy
Pepper demo 2: Cognitive support occupational therapy

Post-Demo Discussion

Demo feedback
Revisit of question on how robots could help in therapy
Data collection capabilities of the robot

Post-Session Questionnaire

as Pre-Session Questionnaire with addition of identification
of potential use cases (types of therapy and patient)

Table 3: Interview Schedule & Topic Guide

Reflection on Two Patients

Unprompted description of pre-selected patients
Reasons for choosing these patients given context
Different ways of working with these patients and why

Categorisation Activity

(Introduce the concept of categorisation)
Thoughts on the concept of a categorisation framework
(Introduce NHS Healthy Foundations Segmentation Kit [8])
NHS Categorisation of initial two users
Custom categorisation framework or other approaches: patient
traits (and identification of), related approaches
Use of Feedback

Technical vs. motivational feedback/ positive reinforcement
Feedback triggers

Progressive Conditions

Reflecting on progress for motivation, and motivation gener-
ally with progressive conditions

generated any additional codes inductively as required. The re-
sults were discussed and a final coding scheme was generated for
application to the transcripts.

5 FINDINGS
5.1 Self-Practice in Rehabilitation
All participants identified as prescribing self-practice to their pa-
tients, and indicated this was directly related to the overall success
of the therapy programme.

“With the work that I do, engagement in those exercise programmes
is going to be what gets people better" (P7).

Most participants referred directly to there being clear evidence
that rehabilitation success is related to the amount of practice, and
that this conflicts with the cost/availability of private services and
increasing restrictions in NHS services resulting in an increasing
focus on patient self-management and self-practice.

“The NHS would like to provide more but often can’t so you find
yourself having to move towards a real push for you know self man-
agement and the patient to do a lot more of what you’ve said rather
than necessarily being able to spend as much time as you might like
to" (P5)

5.2 Measuring Engagement
Completion of self-practice and patient progress were typically
cited as easy to obtain long-term measures of engagement; how-
ever it was noted that patient reporting of self-practice is not always
accurate. Participants found it slightly more difficult to identify mea-
sures of engagement within session, but typically listed social cues
such as body position, facial expression, eye contact and amount of
questioning or discussion.

Significantlymore discussionwas focused on the recurrent theme
of participants ‘getting a feel’ for the patient; which all participants
found very hard to verbalise and explain. Typically this would be
done in initial interviews or discussions, from which participants
felt they could generally predict how engaged a patient would be
and what sort of approach might be appropriate with them.

“I think the really important bit is the initial subjective interview
with the patient, you need to know the whole psychosocial background
really and understand where they are and really by identifying their
goals and things you get a good idea, you get a good feel, from verbal
and non-verbal communication" (P1)

All participants highlighted how much this impacted on their
approach to working with the patient. Key identified patient traits
are discussed in detail under Section 5.4: Personalised Approaches.
Most participants further suggested that ‘reading’ a patient this
way was an intuitive skill, built up with experience over time.

5.3 Therapists’ Role in Patient Engagement
Discussions on this topic typically centered around two key themes,
i) identifying and tackling barriers to engagement and ii) improv-
ing intrinsic motivation. All participants recognised their role in
motivating the patient.

“Do you find yourselves having to motivate patients?" (Mod.)
[strong agreement from all] “And that’s hard when you’re work-
ing in an NHS field, you know that they need it, you know that’s their
personality but you just can’t, can’t give that" (P4)
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Some participants also felt they had a role in providing external
motivation to a patient through generating some sense of ‘account-
ability’, but pointed out the aim was always for improved intrinsic
motivation. This also fed into ideas around positive reinforcement.

“They want to be held accountable to somebody [agreement from
all] they’re not being held accountable to themselves so they put you
into a position of accountability and therefore they’re doing it to please
you when in fact it should be about pleasing themselves." (P5)

In cases where patients were already intrinsically motivated,
participants still identified the need to facilitate engagement, e.g. by
helping them schedule a convenient time or suggesting prompting
and data recording methods to target memory issues.

Results from the ranking exercise undertaken in focus groups
made it clear that factors affecting engagement are very individual
to each patient. No group generated the same hierarchical rank-
ing as another, one group concluded it was impossible and in all
groups the task prompted significant deliberation, discussion and
disagreement. However, some key themes concerning how thera-
pists typically target patient engagement did emerge from this task
as well as additional interview discussions. These were:

• providing meaningful positive reinforcement
• improving knowledge and understanding of the patient’s
condition, therapy and its benefits

• personalisation of exercises based on interests
• reflection on goals/ functional benefits of exercises
• empowerment of the patient
• relationship/ rapport between the therapist and patient

It also became clear that, as with factors affecting engagement,
specific instances of these were different for each therapist-patient
pair. This is discussed further in the following section.

5.4 Personalised Approaches
Results from the focus groups made it clear that personalised ap-
proaches are key to motivation and engagement in therapy. Taking
a ‘client centered approach’ and tailoring therapy to the patient
more generally was raised as best practice across professions.

“I would always take a different approach with every patient, so
even if I was looking at two patients with sore knees I’d be taking
different approaches with those two people based on their beliefs and
expectations of the treatment." (P1)

We explored this further in the interviews using an NHS cate-
gorisation framework for health behaviours, as discussed in Section
4. All participants could see the worth of trying to tailor behaviour
of a SAR based on the patient, and agreed that there was value in
identifying patient traits to inform that. Further, all could identify
somewhat with the NHS framework descriptors and personas. 7/8
participants however struggled with the concept of labelling people
into discrete categories, and preferred to instead talk about specific
patient traits and how those informed their approach. The patient
traits consistently linked with informing therapist approaches are
listed in Table 4. Complimentary therapist approaches identified as
being adaptable to each patient are listed in Table 5.

Other factors were identified as being important to engagement
and therefore would be targeted by the therapist (e.g. enjoyment of
session) however these were less linked directly to specific patient
traits. In Section 5.2 we discussed the concept of therapists getting a

Table 4: Key patient traits identified as informing therapist
approaches to facilitating and encouraging patient engage-
ment with therapy.

Previous activity levels/ engagement in sport

Indicates whether patient is likely to understand the concept of
training, andwhat expectations theymay have about returning
to a certain level of activity. Informs e.g. approach to exercise
programme.
Employment status

Indicates the time pressures patients are likely to be under;
but may also give an idea of work ethic, education level and
socio-economic situation. Informs e.g. approach to scheduling
sessions.
Motivation/ Self-efficacy

Indicates how willing the patient is to change intrinsically
already. Informs e.g. amount of positive reinforcement given
and style of motivational messages.
Cognition

Establishes howmuch a patient can understand and remember.
Informs e.g. communication style and approach to exercise
programme.
Education/ Intelligence

Indicates how much patient is likely to know about their con-
dition as well as therapy and its benefits. Also raised as being
potentially linked to motivation and likely linked to socio-
economic situation. Informs e.g. how knowledge and informa-
tion is delivered.
Family/ Social Support Situation
Indicates whether additional external motivation and support
is likely to be provided.
Functional Goal(s) and/or Interests

Functional goals establish patients’ main reason(s) for being
in therapy, potentially giving insight into motivation levels.
Interests give the therapist something to incorporate into ex-
ercise design or social interaction for rapport building. Both
can be used for improving motivation.

feel for patients and their likely engagement. Many of these patient
traits might be identified this way, e.g. through an initial interview.
Other methods of learning about a patient included reading their
case notes or assessing medical history, talking to friends, family or
other health professionals, and observing a patient’s surroundings
(particularly in the home).

5.5 Use of SARs in Rehabilitation
Initially, in the pre-demo discussions of focus groups, participants
struggled to see how SARs could be useful in therapy. Some of the
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Table 5: Key elements of therapy that therapists will person-
alise to the patient in order to facilitate and encourage en-
gagement.

Improving Knowledge & Understanding

e.g. targeted use of evidence, choice of language and level
of detail when trying to help patients understand why what
they’re doing is important and beneficial
Exercise Style

e.g. whether exercises sessions are based more on traditional
workouts or instead ’disguised’, incorporated into daily activi-
ties etc.
Engagement Strategies

i.e. ways in which therapist addresses low engagement e.g.
gamification/ competitiveness, distraction techniques.
Use of Feedback & Positive Reinforcement

e.g. style (challenging, technical or functional, reassuring),
level of detail, amount etc.
Provision of Additional Support

e.g. exploring other health issues, providing additional lifestyle
guidance such as eating/drinking prompts, relaxation tech-
niques etc.
Incorporation of Functional Goal(s)/ Interests

e.g. reflecting on functional rather than medical progress, us-
ing interests for distraction or enjoyment.
Reminders & Prompts

e.g. whether jointly agreeing a time, an external prompt or
reminder system, a method of self-reporting etc.

physiotherapists had seen and used physically assistive rehabilita-
tion systems and commented they had been expecting to see some-
thing similar. Most suggestions referred to current technologies
such as smartphone applications, computer software and fitness
trackers. However, as the discussion progressed and participants
were asked to reflect on factors affecting engagement, without mod-
erator reference to SARs, many then brought up the idea of using a
SAR to aid with that:

“If you’ve got a buzz on your wrist telling you to move...it does
get them thinking about it, so if you’ve got some humanoid or puppy
doing a similar sort of thing, because compliance is a massive issue"
(P2)

“I could really see a place for that bit between sessions to help main-
tain motivation and erm engagement in carrying out what otherwise
could be quite mundane therapy programmes" (P6)

After the demonstrations participants specifically identified and
commented on the ways in which a SAR might add value to exist-
ing technologies. Most of this discussion centered on the value of
embodied interaction for engagement and enjoyment. 8/21 partic-
ipants also named specific smartphone applications or computer

Figure 1: Shift in valence of participant comments be-
fore and after witnessing focus group demonstrations and
project talk.

software they currently use for providing feedback, that they would
like to see integrated with a SAR for motivation.

“It’s just amazing how it moves, just that interaction with the eyes
and the eyelashes and stuff so it kind of makes it feel like there’s
something, a more personal feel to it or, I know personally for me, that
I would work better with that than just looking at a tablet." (P2)

“people with a brain injury...they will use something like an iPad
and it will be like step by step instructions...they’ve got the photo and
they’ve got a voice prompt...I can set it for a certain time for the alarm
to go off so it’ll say ‘don’t forget you need to do x’ but I think that
with this, such presence...they may be less likely to forget that they
were doing something. I like that." (SL2)

“A lot of the time we use kind of targets or something for patients
to aim at and I wonder if that could be included within the screen or
being able to reach out for Pepper’s hand" (P4)

Our results also suggest that seeing a robot demonstration mid-
way through the focus group had a significant impact on participant
acceptance. Figure 1 shows the shift in valence of comments coded
under ‘Therapist Opinions’ and labelled as positive or negative
during our data analysis. We suggest that this is worth considering
as part of a mutual shaping approach to HRI design as proposed
elsewhere [36].

In terms of specific applications and use cases, participants im-
mediately identified using the robot as a mediator within session
when working with children. For adults, participants saw it more as
a tool for patients to use in-between therapy sessions. Participants
unanimously agreed that children would love to work with the
robot; and many felt the benefits could be equally enjoyed by adults
too.

“I think the value of novelty and fun is so therapeutic for adults
as well...the effect, just seeing it interactive made me feel a bit hap-
pier...it’s just nice" (OT5)

Participants did suggest however that theremay be some patients
who had simply no interest in working with a robot. Some partici-
pants suggested this might be linked to age but others disagreed.
Participants all agreed however that personalisation of the robot
and its motivational strategies would be particularly important
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when working with adults, both for acceptance and for maximising
impact.

5.5.1 Concerns. Initially, participants’ concerns were centered
on the value a robot could add to existing technologies and whether
that justified any additional associated cost. This significantly re-
duced after the robot demonstrations, however some participants
still questioned exactly how ‘fancy’ the robot needed to be in order
to have a positive impact. Another key concern raised by multi-
ple participants was whether a robot could ever really be adaptive
enough, or be able to ‘read’ the patient as discussed in Section 5.2.

“We get our input from what we observe we don’t often have the
person say things we just observe them and know what we need to
do, so how does a robot then observe a person without you having to
instruct it?" (OT4)

More practical concerns focused on the medical needs of specific
patients, e.g. being able to recognise the speech of a dementia
patient. As these are very specific to particular use cases we do not
dwell on them here, but such practical requirements must be well
considered when designing assistive robots for real world use.

In terms of facilitating exercise sessions, one key concern was
around giving accurate demonstrations and feedback. Participants
were wary of the robot trying to technically evaluate patients per-
formance and hence suggested asking patients to self-rate instead.
In fact, this was highlighted as a positive thing that therapists
themselves often do, in order that patients learn to recognise good
performance. Additionally, whilst participants liked the idea of the
robot demonstrating exercises itself, they were wary of it not being
able to do so accurately and so suggested it might be better to use
a tablet or other conventional method.

5.5.2 Novelty Effect. As most focus group participants had very
little previous experience with robots, the well known ‘novelty
effect’ phenomena (e.g. [12]) might have influenced their responses
to the demonstrations given. However, given that the post-demo
discussion predominantly focused on extracting informed require-
ments and robot behaviours, rather than exploring acceptance, we
do not feel this significantly detracts from our key results.

Considering our final application, we suggest that awell-designed
SAR should be able engage users in therapy and continue to be
useful to therapists beyond the novelty effect. This is backed up by
long term HRI studies in related settings (in the home, care and as-
sistive/service settings e.g. [6]), some of which suggest that novelty
can be replaced with familiarity, which can lead to increased ac-
ceptance and willingness to overcome shortcomings. Alternatively,
rehabilitative therapy often lasts only for a fixed period of time (6 -
12 weeks) and intensive training within this period can shorten this
time even further. As such, therapeutic benefits might be achieved
before boredom with the robot sets it.

6 DESIGN IMPLICATIONS
Our results suggest three key scenarios in which a SAR might be
used to improve engagement with rehabilitative therapies:

(1) facilitating children’s practice exercises in school or at home
(2) mediating children’s therapy (i.e. being used as an engage-

ment tool by the therapist within session)

(3) facilitating adults’ exercises and related lifestyle support at
home

SARs for use in children’s therapy, both in mediation and facili-
tating practice, is a significant area of research within the robotics
community already [3]. In our work we focus instead on work-
ing with adults, given the documented adherence and engagement
issues identified in Section 1. Therefore, the following design impli-
cations are tailored to scenario 3.

6.1 Key Considerations
The results of this study give strength to our hypothesis that SARs
could be helpful for improving engagement with rehabilitative
therapies. Specifically our results suggest that the embodiment and
interaction capabilities of a SARmight help to tackle the issue of low
engagement in a way in which things like smartphone applications,
computer software and fitness trackers cannot.

Participants felt that patients would find a SAR more engaging,
more enjoyable to work with and harder to ignore, dismiss or forget
about than current methods. Many other benefits of SARs were
proposed by the participants, however most of these follow on
from the benefits of other modern methods, e.g. a potential lack
of embarrassment exercising with a device rather than a person.
Further, a SAR must still offer all of the functional capabilities
of existing technologies in order to be useful in the real world.
To this end, the linking of SARs with existing technologies such
as smartphone applications and computer software, particularly
those that already deal with providing specialist technical feedback,
should be explored.

We propose that a SAR for rehabilitative therapies should aim to
improve engagement by i) improving ease of access and ii) providing
motivational support. Proposed robot behaviours and functional-
ities to address these aims are presented in Sections 6.2 and 6.3
respectively. Many existing methods already address these aims to
some degree; so all functionalities are listed for completeness and
only embellished in cases where use of a SAR specifically might
offer additional value. In addition, we suggest that SAR interaction
and engagement strategies must be personalised and adaptable to
the user; this is discussed in detail in Section 6.4.

In this study we do not consider how patients would gain ac-
cess to a SAR. Examples suggested organically during focus group
discussions included prescription through the NHS, self funded
ownership and communal provision in specialist residential homes.
This, along with the nature of a patient’s condition, would deter-
mine whether permanent, long term access to the robot would be
possible and/or necessary. We do not consider here how a SAR
might specifically help the patient to become more self-sufficient;
although we recognise the importance of this in instances where
the robot is to be removed or returned. Specifically, we focus only
on using the robot as a practical tool and interaction partner for
facilitating self-practice exercise sessions at home.

6.2 Improving Ease of Access
We identify the following key robot functionalities for improv-
ing ease of access to self-practice. Additional detail is provided in
instances where SARs might offer additional value compared to
current methods, as indicated by *.
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(1) Scheduling, reminders and prompts*
(2) Facilitating the exercise session*
(3) Data recording
(4) Communication link to therapist

6.2.1 Scheduling, Reminders and Prompts. Ideally, the robot
should approach and prompt the user to start exercising at the
pre-agreed time; potentially also giving the user an advance re-
minder (e.g. 20 minutes ahead of time) that they are scheduled to
exercise shortly. How the robot deals with non-compliance should
be decided as part of a higher level, personalised engagement strat-
egy, as discussed in Section 6.4. However, there is an opportunity
for SARs to add value here by:
i) dealing with non-compliance in a socially appropriate way based
on user (i.e. reacting to real-time social cues and/or as per therapist
strategies noted in Tables 4 and 5)
ii) learning about the user to inform which behaviours to perform
when, e.g. learning which social cues are linked to engagement and
likelihood of compliance
iii) adapting both scheduling practicalities (e.g. suggesting new
times, reminder settings) and its social behaviour in order to maxi-
mum likelihood of compliance.

6.2.2 Facilitating the Exercise Session. The robot should guide
the user through exercises and activities prescribed by the thera-
pist; ideally by displaying and referring to a video demonstration.
Additional value could be generated by utilising the embodiment
of the SAR during exercises; e.g. using the robot end effectors as
targets for exercise. Motivational improvements linking to SAR
interactions within session are discussed in the following session.

6.3 Improving Motivation
Here we list general strategies the robot could employ in order
to motivate the user. All of these strategies are employed in some
way by existing methods designed to improve motivation. How-
ever, participants felt that embodied interaction with a social robot
would add value to items 1-5 even if there was no specific addi-
tional functionality gain. Participants also suggested robot specific
behaviours for enjoyable interactions. These were mainly based
either on physical contact between the patient and the robot (e.g. a
high-five) or through the robot being ‘entertaining’ through use of
its body (e.g. dancing, cheer-leading etc.).

Existing literature reinforces these ideas. Previous research has
demonstrated the value of embodiment in similar scenarios (e.g.
[31], [34]). Furthermore, social HRI studies have demonstrated the
impact of specific robot behaviours (including touch) on motivation
[20] and persuasion [5]. Based on this, it seems worthwhile to
further develop and test specific social robot behaviours targeting
motivation in rehabilitative therapies.

As identified in Section 5.4, the way in which a therapist might
try to improve a patients motivation is very specific to that indi-
vidual; the general strategies here require personalisation to be
effective. This is discussed in detail under Section 6.4.

(1) Reflecting on progress & goals
(2) Improve knowledge & understanding
(3) Provide positive reinforcement & motivational feedback

(4) Allow therapist to access engagement data and remind users
of this

(5) Make exercising enjoyable

6.3.1 Accountability & ‘Being Watched’. The concept of patient
accountability to the therapist is discussed in Section 5.3. Partic-
ipants were unable to agree whether the presence of the robot,
and it ‘watching’ and monitoring users engagement would be able
to replicate that phenomena. It would be worthwhile to test user
compliance with a SAR with and without therapist data sharing
capabilities in order to investigate this. The presence of a robot has
been demonstrated to change people’s behaviour in terms of e.g.
honesty and obedience [10] and decision-making [27]; therefore
it is reasonable to expect some change in patient’s behaviour just
from introducing a robot into their self-practice.

6.4 Personalisation & Adaptability
Our findings suggest it is vital for the robot to be personalised
to the user in its overall functional, motivational and interaction
strategies as well as able to adapt in real-time to user behaviour
during interactions. We term these as high level personalisation
and real-time adaptation respectively.

6.4.1 High Level Personalisation. Based on the findings pre-
sented in Section 5.4, we suggest that a discrete categorisation
framework of user ‘motivation type’ and associated robot settings
is unlikely to achieve the necessary level of personsalisation. In-
stead, we propose that high level personalisation can be achieved by
adjusting a number of key robot characteristics based on particular
patient traits. This choice of robot settings is based on the customis-
able elements of therapy also identified in Table 5 combined with
the robot functionalities discussed in Sections 6.2 and 6.3.

A brief description of each setting is given below, along with the
patient traits identified as potentially being relevant (taken from
Table 4). Associated personality traits have been linked to settings
according to equivalent mappings identified by therapists, as dis-
cussed in Section 5.4. However, further refinement of traits, and
testing and development with end users is required for refinement
and validation. To this end, User Preference has been included as an
additional ‘patient trait’ for settings which might be chosen directly
by the user rather than as a result of traits. Note that we do not
consider here medical factors linked to the user’s condition; this
will have very specific impacts on particular settings.

(1) Style of Approach
Whether the robot should take e.g. a more direct, workout
based style or a more friendly, indirect approach to exercise
sessions. This would impact e.g. use of language, level of
formality and amount of unrelated interaction.
Previous activity; Self-efficacy; Education

(2) Reminder Protocol
The process bywhich the robot reminds users about/ prompts
users to start exercising, e.g. is it at a set time, do they get
advance reminders, flexibility (e.g. how often can they say
no), the way in which negative responses are dealt with etc.
Employment; Social support
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(3) Knowledge Delivery Approach
How the robot delivers information aimed to increase knowl-
edge of condition and/or therapy and its benefits. To include
e.g. whether knowledge should be more technical or func-
tional based, how often it should be delivered, method of
delivery etc.
Previous activity; Self-efficacy; Cognition; Education; Func-
tional goals/interests

(4) Use/ Desired Impact of Feedback
Tailoring of motivational messages and feedback e.g. to be
more challenge focused/ competitive versus reassurance
based.
Previous activity; Self-efficacy; Cognition; Education; Func-
tional goals/ interests

(5) Engagement Strategies
Strategies combating a lack of engagement during exercise
sessions. To include e.g. distraction techniques, gamification
or increased social interaction. Further design, testing and
validation of such strategies is required.
Self-Efficacy; Cognition; Social support; Functional goals/ in-
terests; User preference

(6) Robot ‘Persona’
Characteristics of the robot’s persona, to include e.g. gender,
voice options.
User preference

6.4.2 Real-time Adaptation. Building on the the idea of over-
all personalisation, the robot should also adapt its behaviour in
real-time based on the user during exercise sessions and other in-
teractions. This adaptation should be informed by the high level
personalisation described above. Whilst our study highlighted the
importance of such adaptation, it was more difficult to isolate spe-
cific user cues and the therapist behaviours to which these would
be linked.

The use and tailoring of feedback was one therapist behaviour
consistently linked with real-time adaptation and user cues. Specif-
ically, participants discussed being empathetic as they encouraged
the patient (i.e. by recognising and acknowledging fatigue or dis-
comfort) and using personalised feedback or positive reinforcement
(as per the high level personalisation) when most needed. This cor-
relates with Schneider et al.’s finding that users exercise for longer
with SARs which include acknowledgement in their motivational
model [26].

In order to maintain engagement during an exercise session, the
robot should employ pre-defined strategies as discussed in the pre-
vious section (e.g. gamification/competitiveness, additional social
interaction etc.). However, to do this it must be able to recognise
when the user is disengaged. Some initial real-time measure of
engagement are identified in Section 5.2. Existing research on au-
tomatic analysis of engagement demonstrates it is possible, but
heavily dependent on user personality; further reinforcing the im-
portance of personalisation in this context [24]. We expect more
about this, as well as about real-time adaptation more generally,
will be learned by observing/ coding real-world therapist-patient
interactions.

6.4.3 Configuring Personalisation and Adaptation. We propose
the development of a simple interface in which therapists, users and

appropriate others (e.g. family) can enter data regarding the above
identified patient traits in order to inform the robot’s settings. As
discussed previously, the exact list of traits required requires further
consideration. Additionally, traits require further development for
implementation e.g. what ‘options’ or labels should exist for each
trait, are they discrete or continuous etc.

It may be that some robot settings can be adjusted directly, rather
than being based on patient traits. Thesemight include e.g. reminder
or robot persona settings. Given that our participants had to sig-
nificantly reflect on the reasoning for their behaviour, but were
easily able to identify particular patient traits, it seems valuable
to explore linking robot settings and behaviours. This way, thera-
pists only have to deal with patient traits, which they may be more
comfortable with.

7 CONCLUSION
This work presents the findings of a study with therapists explor-
ing patient engagement in therapy and the potential for SARs to
improve this. We analyse the findings with a view to informing the
field of social robotics, specifically in relation to HRI and the design
of SARs in this context. These include key robot functionalities,
considering how SARs might add value to existing methods, and
discussion of the need and type of personalisation. To this end, we
also present an initial list of key robot characteristics which should
be personalised and specific user traits these might link to.

The therapists that we engaged with were very positive and
accepting of how SARs could play a role in improving patient
engagement with self-exercises. However significant further work
is required to develop and test detailed interaction and motivation
strategies which employ the personalisation previously mentioned.
This is likely to also involve the development and testing of specific
robot behaviours.

8 LIMITATIONS AND FURTHERWORK
This work was limited to a study of therapists; it is intended that
the results should be used to inform preliminary interaction strat-
egy design work for first stage testing and meaningful co-design
sessions with real end-users. Additionally, we identify the need
to carry out ethnographic observation studies of therapist-patient
interactions in order to assess the more real-time and tacit elements
of interaction. The results presented here are also limited by par-
ticipants’ exposure to and understanding of SAR technologies; the
impact of the ‘novelty effect’ having been previously discussed in
Section 5.5.2.
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