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Abstract: The home is becoming a key location for healthcare delivery, including the use of technology driven
by autonomous systems (AS) to monitor and support healthcare plans. Using the example of a smart mirror,
this paper describes the outcomes of focus groups with people with multiple sclerosis (MS; n=6) and people
who have had a stroke (n=15) to understand their attitudes towards the use of AS for healthcare in the home.
We thematic analysis to analyse the data. The results indicate that the use of such technology depends on the
level of adaptability and responsiveness to the users’ specific circumstances, including their relationships with
the healthcare system. A smart mirror would need to support manual entry, responsive goal setting, effective
aggregation of data sources and integration with other technology, have a range of input methods, be
supportive rather than prescriptive in messaging, and give the user full control of their data. Barriers to
adoption include a perceived lack of portability and practicality, lack of accessibility and inclusivity, a sense of
redundancy, being overwhelmed by multiple technological devices, and a lack of trust in data sharing. These
results inform the development and deployment of future health technologies based on the lived experiences
of people with health conditions who require ongoing care.

Keywords: autonomous systems; multiple sclerosis; stroke; smart mirror; autonomy; lived
experience; home healthcare; digital health technology; data sharing

1. Introduction

Exacerbated by the Covid-19 pandemic, many previously ‘elsewhere-located” activities now take
place within the home, including work, education, and healthcare. Home healthcare technologies
have become increasingly popular, for example monitoring of blood pressure and heart rate, diabetes,
oral health, and general fitness. In addition, many general practitioners (GPs) and other healthcare
professionals now offer routine appointments via video conference. This approach to healthcare
delivery offers new opportunities for research into the experience and design of healthcare
experiences at home.

Many of these examples rely on digital systems capable of facilitating and making autonomous
decisions regarding healthcare delivery, applied to both healthy populations and people with a
variety of health conditions. This paper describes the results of a study exploring how autonomous
systems (AS) embedded in devices in the home can support decision-making about health and
wellbeing, and what makes these devices acceptable to users. By engaging with people who have had

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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a stroke or those who have multiple sclerosis (MS), the study examined attitudes towards the use of
AS in decision-making related to their general health and wellbeing, and especially how this relates
to shared values such as trust, self-efficacy, and privacy. These two populations were chosen because
they experience distinct but similar health management challenges in their everyday lives and need
to manage their multiple symptoms daily. People in both groups often experience to a greater or
lesser extent: memory problems, gait and mobility challenges, mental health issues, fatigue,
communication problems, muscle and neuropathic pain.

To explore how AS could and should be designed to support healthcare at home, and to make
engagement with this topic more tangible, online focus groups (details described later) were
conducted using the idea of a ‘smart mirror’ as a concept and technology probe. This mirror was
envisioned as a piece of technology installed in various spaces in a user’s home, including the
bathroom, bedroom, or entrance hall, that would be able to visually assess a person with a medical
condition and support them in their management of symptoms, monitor their physical and
psychological state, suggest modifications to their treatment plan, interface with carers (medical
professionals, family, close friends), and help with daily activities, such as providing reminders for
meetings, activities, and medication among others. The focus groups revealed a range of
considerations which are important for the deployment of any AS in the home, broadly considered
within the contexts of digital healthcare and using technology for self-management, and the home as
a space for wellbeing.

1.1. Digital healthcare

Both inside and outside the home, people make wide use of technology such as smartphones
and wearable technology for self-tracking of their health and enhancing their self-knowledge, termed
the ‘quantified self’ [1-3]. Numerous aspects of health can be tracked using smart technology,
including number of steps, heart rate, hours of sleep, and even stress levels; many people use these
functions to maintain their general health or to assist in reaching fitness or health-related goals. This
quantified self has been encouraged by the technology sector, as all smartphones are now equipped
with GPS (global positioning system) technology and health-related apps, facilitating self-tracking
[4]. While this has multiple benefits in the promotion of health, novel smart technology still presents
challenges in the areas of security, privacy, and trust [5]. Thus, research exploring these facets of
novel technology that aims to improve digital healthcare is crucial.

AS hold brilliant promise for improving healthcare, including patient outcomes, reducing costs,
and enabling new health discoveries [6]. While these technologies have the potential to analyse tasks
beyond human capability [7], they also have the potential to reduce the high demand of social care
needs among the ageing population and those who face health challenges [8]. There are various
health conditions that can be assessed and tracked by wearable technology and apps, including type
2 diabetes, hypertension, fertility, concussion detection, traumatic brain injury, skin cancer, and
mental health issues [9-14].

This paper describes a study exploring two populations: people who have MS and those who
have had a stroke. Digital healthcare technology (primarily sensor-based equipment or wearable
technology) has been created to monitor specific MS symptoms, such as poor mobility and balance,
both of which contribute to increased chances of falls and decreased quality of life for these
individuals [15], conveying promising results [16]. Other research has shown that individuals with
MS may benefit from such technologies due to the feeling of regaining control over an unpredictable
condition through self-tracking and improved self-knowledge [17]. Likewise, technologies have
advanced in post-stroke care, including technologies that detect gait and analyse movement, assess
and guide exercises to help with balance complications, and track upper limb rehabilitation [18-20].

In addition to enabling tracking of these conditions, smart technology can alert users and/or
healthcare providers to health deterioration, which shows potential for neurodegenerative health
conditions like MS, or health conditions that require long-term rehabilitation, such as a stroke. People
who experience these health conditions also often develop mental health issues such as depression
and anxiety that can impair their quality of life [21,22]. This suggests that having access to a smart
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device that enables monitoring of stress levels or promotes wellbeing activities such as mindfulness,
may be beneficial to these potential users. The effectiveness of mindfulness for psychological
symptoms and pain management has previously been shown for people with MS [21], conveying
that mindfulness components could be a desirable feature of a smart device holistically aimed to
improve health and wellbeing.

1.2. Using technology for self~management

In addition to management of specific health conditions, people often use technology for self-
management. AS designed for a plethora of different tasks serve to enable users to carry out everyday
tasks effectively and efficiently. This might include calendar and reminder apps, smart home
technologies, financial, banking and shopping apps, and so on. Such technologies can give more
control to its users and consequently lead to a reduction of stress. AS for home sensing and
environment control, highlighted in Section 1.3., give people control to more easily action and
automate their home environment consequently creating a better space for their health and
wellbeing; showcasing how home sensing technologies can also be incorporated into digital lifestyle
management.

More directly related to the health context, a form of self-management is ‘lifestyle management’,
in the sense of implementing and/or maintaining lifestyle habits such as regular exercise, healthy diet,
reduction of stress, and so on to address help control symptoms and prevent certain health conditions
[23]. It is a commonly used practice to help control and address symptoms of obesity [24], diabetes
[25], hypertension [26], depression [27], PCOS [28,29], endometriosis [30], among other conditions.
To maintain the lifestyle long-term, lifestyle management can be used by itself or with other
treatments such as pharmacological and behavioral treatments e.g., intensive behavioral therapy
(IBT) [23].

As behavioral approaches have limited access, can be expensive and require the person to
engage face-to-face, the use of AS for lifestyle management offers an alternative solution to the
challenges in sustainable and long-term implementation of lifestyle habits. These AS tend to be based
on goal setting and evaluation (via the quantified self), as well as nudging for encouragement and
motivation (a challenge in long-term adoption of habits) [31]. Traditionally there are two main
approaches to digital interventions for lifestyle management: app-based and web-based. Both
approaches are adaptive, feedback-based and multi-media however app-based approaches have the
further possibility of integrating wearable technology, GPS data, and chat boxes [31]. Other
approaches include interactive TVs [32,33], Voice Assistant (VA) [34], and Smart mirror technologies
[35,36].

This paper focuses on the latter of these technologies, a smart mirror used to examine health
monitoring and management. This differs from the wearable-type technology focused on so far in
that it is embedded in the home. Research into digital and augmented mirrors has explored a variety
of applications, including motivating and guiding daily tasks, for example the AwareMirror [37]
which provides a personalised display during tooth brushing and the FitMirror that aims to improve
mood and fitness during morning routines [38]; posture improvement [35]; stress detection [36]; and
on-going medical monitoring [39]. Smart mirror technologies fall into two camps, digital mirrors
which simulate mirrors on camera-enabled digital devices such as tablets, phones and wall mounted
displays, and augmented mirrors that enhance conventional mirrors with digital capabilities, for
example by placing digital displays behind half-silvered mirrors as explored here. With a reflective,
mirror quality that enables self-monitoring of physical abilities, an interactive interface, and
additional health monitoring, along with integration of additional data from other personal devices
such as smartphones and other wearables for optimum decision-making, a smart mirror has the
potential to effectively monitor health conditions in a novel way. Additionally, user wellbeing would
have to be central in the mirror’s design, to promote psychologically respectful technological
developments [40].
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1.3. The home as a space for wellbeing

The built environment strongly shapes social and individual behaviours and lifestyles,
becoming a significant factor contributing to individuals” health [41]. Recognising this important role,
architecture and related building design disciplines are moving towards designing spaces for
wellbeing. For instance, having access to green areas and the integration of nature aspects within and
surrounding buildings has been shown to improve and support physical and mental health [42-44].
The convergence of computing and architecture have created exciting opportunities for the creation
of spaces where environment conditions such as air quality, temperature, and lighting, can be sensed
and adjusted to ensure comfort and ideal conditions for occupants [45,46]. Moreover, fast-paced
advancements in sensing technologies embedded in the built environment, coupled with those
carried (e.g. mobile phones) or worn (e.g. smartwatches) by individuals, have the potential to assist
with the provision of healthcare. Digital healthcare developments (as discussed in the previous
sections) aim to support both the general population, and more specifically, groups with dedicated
needs such as older adults, people with disabilities and people with chronic health conditions. There
is a longstanding interest in embedding sensing technologies for monitoring people in care homes
[47,48], especially when dealing with delicate and deteriorating conditions such as dementia [49,50].

There is also a shift towards designing and adapting current and future general housing to
support healthcare and wellbeing. The reasons are manyfold: ongoing strains in public health
services [51,52]; increasing populations in need of long-term support [53,54]; the emergence of
telemedicine and remote healthcare provision [55]; and the increasing role of the home in modern
lifestyles. The Covid-19 pandemic has increased the urgency for these adaptations; healthcare
systems are still struggling to recover from the overflow of patients and lack of resources, and
individuals continue to struggle with the aftermath of the pandemic and its effects on physical and
mental health [56]. We still do not fully comprehend the consequences of the virus on the human
body [57] and society at large. The numerous lockdowns and self-isolation periods also had
damaging effects, both physically (e.g. decreased opportunities for moving and going out) and
mentally (e.g. stress, anxiety, depression) [58,59]. Some argue that this pandemic has been a mass
disabling event [60].

With increasing numbers of people studying and working remotely, not least due to the
pandemic, the home has emerged as an area that necessitates attention to promote overall wellbeing.
Building design has moved towards designing salutogenic living spaces, foregrounding wellness,
comfort, fitness, and mindfulness [61]. Where buildings have had ‘passive’ strategies to increase or
maintain wellbeing (e.g. open and flexible areas), digital technologies like smart mirrors and other
smart appliances or devices in the home allow more active, potentially even proactive [62],
contribution of architectural space to health and wellbeing. Smart technologies embedded in the
home can provide the opportunity to move beyond simple data collection for personal use towards
providing active, real-time feedback and recommendations, or even interventions for occupants
based on both general and individualized parameters. Nonetheless, the relationship between the
home and the data collected needs to be carefully addressed, as in the context of other built
environments that collect data from occupants [63,64].

2. Materials and Methods

At the core of this project is the consideration of the responsible ways in which technology
should and could be developed to support healthcare at home, focused on maintaining the autonomy
and dignity of people receiving healthcare, and as such principles of Responsible Research and
Innovation (RRI) [65] were embedded from the start. This was especially important given the
multidisciplinary nature of the research team, who were approaching the project with different
priorities and experiences [66] One early exercise to establish common ground was to use Moral-IT
cards, which are designed to encourage reflection and engagement in ethics-by-design [67], to
highlight potential ethical questions surrounding the development of technology. The team returned
to questions posed by the cards often during the project, as prompts for discussion as well as points
to consider when interrogating the results.
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A principal component of RRI is the involvement of users from the beginning of the process. The
team engaged with Patient and Public Involvement (PPI) groups throughout each stage of the project
to ensure that the focus groups reported in this paper were appropriately designed and asked
pertinent questions. Existing groups from each user population were approached in an advisory
capacity, and two meetings were conducted with each to discuss the project and to gain feedback on
the methods and research questions. This helped the team to understand challenges these users had
when engaging with digital technologies in general and during their care, that were, then,
incorporated into the study; for example, the MS group suggested that monitoring walking, talking,
and gait or posture would be worth investigating with users, as they saw both positives and
negatives. Both groups also pointed out practicalities for carrying out research, such as issues with
having online meetings, and the importance of safeguarding and debriefing if using potentially
upsetting scenarios. This enabled the research team to design the focus groups in a responsible and
appropriate manner.

2.1. Participants

Participants were recruited through existing networks as well as email and social media
recruitment. Participants provided consent by filling out an online form and were thanked for taking
part with a £20 Amazon voucher.

2.1.1. Group A: Management of MS

Six participants with MS took part in a single focus group, ranging in age from 38 to 63 (average
age 53). They were 3 males and 3 females, and all participants were white; 4 participants had at least
an undergraduate degree. Participants had been diagnosed with MS between 3 and 14 years ago
(average 9 years); 3 had relapsing-remitting MS, one primary progressive MS, one secondary
progressive, and one declined to say. Two participants had additional conditions: trigeminal
neuralgia and depression.

2.1.2. Group B: Management of post stroke care

The stroke group took part as 2 one-hour focus group sessions, due to health considerations, and
some participants took part in just one of the sessions. In total, 11 participants attended the first
session, although 1 withdrew consent later, and 13 participants attended the second session; 8
attended both sessions. They were 12 males and 3 females and all were white. Eight participants
provided additional information: age ranged from 52 to 75 (average age 58). Two participants had at
least an undergraduate degree. All had experienced one stroke and time since stroke ranged from 1
to 16 years (average time around 6 years). Four participants stated that their etiology was an infarct,
1 haemorrhage, and 2 unknown. For 5 participants the lesion was on the left, 2 on the right, and one
on both. Effects included a change in dominant hand; memory loss; problems with vision;
communication problems; weakness, inattention, or paralysis on one side of the body; fatigue; limp
or drop foot; muscle and neuropathic pain; and spasms.

2.2. Materials and Procedure

Sessions took place online through Microsoft Teams. All were attended by a facilitator and at
least one other member of the research team to monitor the group and take notes. Both groups were
presented with the same materials and covered the same content, the only difference was the stroke
group taking part over two sessions. At the start of the sessions, participants were assured that they
did not have to discuss their medical history, or that of others, and that they were under no obligation
to disclose any information they did not want to, that they did not have to provide any sensitive
information, and any identifying information would be removed. Participants were also free to leave
and re-join the workshop at any time or talk to one of the research team about any concerns; to ensure
further safeguarding if they were to type an ‘X’ into the meeting chat then one of the workshop team
would pick it up and the group would move immediately on from the discussion.
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The first part of the session started with an introduction to AS and how they may be used for
health, and an overview of the project. This was followed by an open discussion about participants’
current use of technology to support health and wellbeing. The second part of the session focused
specifically on smart mirrors, with an introduction to smart mirrors including a video illustrating an
existing example. After a brief discussion about the potential use of this technology, participants were
shown a ‘positive scenario’ video describing a day-in-the-life of using the mirror for either stroke
rehabilitation or monitoring of MS, where everything that happened was framed in a positive way.
The transcript for this video is provided in Appendix A and illustrated in Figure 1. Participants were
asked to discuss their feelings about the mirror based on this video. They were then presented with
a ‘negative scenario’ video describing the same activities but with a negative framing (Appendix A,
Figure 2). Participants were again asked to discuss their feelings about the mirror. The session ended
with a general discussion of AS for healthcare and a summary of the benefits and drawbacks of the
smart mirror.

[ THE WEATHER HAS IMPROVED |

C AND A WALK IN THE PARK
ﬁ 13:00'WALK IN THE PARK? WOULD DO YOU GOOD.

WALKING IN NATURE IS A LIGHT
EXERCISE THAT IMPROVES
YOUR MOOD, COORDINATION,

| AND POSTURE.

Xy

SUGGESTED ACTIVITY
” OUTDOORWALK

Figure 1. Screenshot from the positive scenario video.

( | HAVE CANCELLED YOUR

. ‘ COFFEE DATE WITH BETH, AS
@ IEOXMEETMITEL BETH YOU HAVE BEEN EXERTING

URSELF TOO MUCH AND
O ] U SHOULD REST.

SCHEDULED EVENT

Figure 2. Screenshot from the negative scenario video.

2.3. Analysis

Focus groups were recorded in Microsoft Teams, the audio was extracted and transcribed using
an automated transcription service. Transcripts were then checked, corrected, and thematically
analysed by three researchers. The analysis was completed on Microsoft Excel and followed the
process defined by Braun and Clarke [68] consisting of 1) familiarisation with the data, 2) initial codes
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generation, 3) themes search, 4) themes review, 5) naming and definition of themes, and 6) report
write-up. Separate initial analyses for each user group were carried out to avoid conflation of health
conditions and missing relevant information particular to each group. Each separate analysis was
then merged to generate one single set of themes covering both workshops. That is, steps 1-3 were
conducted separately for each group, and once initial themes were developed, initial groupings were
reviewed and combined to produce the final themes presented in this document. Throughout the
paper, participants are referred to with a number (P1, 2, 3...) and S if they were in the stroke
workshop (P1S) or M if they were in the MS workshop (P1M).

3. Results

Three major themes and 11 sub-themes were developed, as summarised in Figure 3 and
described below. Note that some subthemes were only identified within a specific user group, as
indicated in the figure and their descriptions.

Stroke Group MS Group

1: Current us

| ]

Subtheme: AS is used regularly for supporting daily activities and there is a general positive, open-minded
attitude towards AS

Subtheme: Despite positive attitudes, there is some scepticism over AS' usefulness (primarily MS Group) and
ability to detect mental and emotional wellbeing and desire for the AS to learn from inputted data to prevent
further fatigue (primarily Stroke Group)

.
p

Group-Specific Subtheme: Worries over losing
autonomy and becoming reliant on AS

Group-Specific Subtheme: Adaptability of AS is

crucial to avoid negative impact on wellbeing,

such as from unattainable smartwatch activity
targets

N

Subtheme: Desired functionality of the smart mirror

G \

Subtheme: Barriers to smart mirror adoption, including portability, practicality, inclusivity, and redundancy

Subtheme: Messaging deeply impacts users, so it should be positive and without condescendence

Group-Specific Subtheme: Attitudes and trust in
the smart mirror are positive but conditional on
usefulness

\—\_/;/;/

[ Subtheme: Strong beliefs that the user should be in control of their data ]

[ Subtheme: Feasibility of data sharing- different levels of trust in healthcare providers due to availability and
attitudes

oV

Group-Specific Subtheme: Worries that data
sharing will affect received care services or
benefits due to a lack of trust in institutions

Group-Specific Subtheme: Positive views on
data sharing and fewer concerns

Figure 3. Summary of the themes and subthemes developed from the focus groups. Subthemes that
spread across both groups horizontally refer to those found in both participant groups and subthemes
placed under one group only represent group-specific subthemes.
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3.1. Theme 1. Current use and attitudes towards AS in general

The first theme refers to the use of AS in participants’ day-to-day life and their overall feelings
towards them. Participants reported adoption and regular use of a range of AS for a variety of
purposes, for example supporting their cognitive tasks, tracking physical activities, and/or for
controlling and monitoring their home, and expressed interest and curiosity towards future AS that
could help support their health conditions (subtheme 1a). Several participants expressed the value of
devices such as smartphones and smart speakers for setting alarms and reminders for daily tasks
such as getting medication, and some also reported using calendars and notes for planning activities;
these all helped with memory problems experienced by many in both groups.

“And then the other aspect of my MS is the fatigue, so I do have a smart watch which I wear to track
how much I'm walking and how active I am, but also to track my sleep... so sometimes when you go
through a week you know you there will be days where you feel really wiped out and it’s good just to
be able to check, you know, have you been walking too much? Have you not had enough sleep? But
also to, you know, if you're going out of pattern, [it’s] probably worth having a conversation with
your GP or a specialist.” [P3M]

Apps for brain training and meditation were also mentioned by a couple of participants to
support their cognitive and mental wellbeing. Although a low uptake of these apps among the rest
of the participants was observed, there was a general agreement that they sound useful and effective.
Some participants used smartwatches or fitness wristbands to monitor their daily activities, such as
walking and sleep. Participants also expressed the usefulness of observing their own patterns, as
although the AS does not give personalised feedback (e.g. detecting or preventing unusual levels of
activity), participants recognise their own thresholds in the data collected by the AS and better
understand, for example, their fatigue. They also reported the adoption of smart home technology
for monitoring and controlling their environments, such as lightbulbs, plugs, thermostats, and
doorbell cameras. These technologies are used in multi-person households, so although they are not
necessarily meant for monitoring participants’ health, some participants expressed that they give
autonomy and support, especially to those with limited mobility.

“It doesn 't monitor my health at all, it’s just to make my life easier. In controlling the aspects of my
home, I'm completely chair-bound, wheelchair-bound. I can’t walk at all. And I've really only got
the use of one arm, so anything I can use which helps me control things is really useful. I'm on my
own occasionally. My wife’s my carer. She’s around most of the time, but she has to go out every
now and again. Um, so for when she’s out, it's the only way I've got of controlling my home.” [P1M]

Where participants recognised shortcomings of the systems that they regularly use or gaps not
addressed by technologies yet, they exhibited an overall general positive attitude towards future AS,
suggesting ideas related to automating detection of personal patterns to notify users about sleep or
walk trends going over certain thresholds and help to prevent fatigue, and further support their care
and carers.

However, some people were skeptical of the capabilities of current and future AS for detecting
and supporting non-physical states, expressing a desire for AS that can learn from data entered
manually about emotional and mental states (subtheme 1b). Some participants entirely dismissed
certain AS as inappropriate to support their health. For example, smartwatches and fitness
wristbands are seen as pointless for those whose mobility is severely reduced. Some people in the MS
group declared they did not know of any technology that could support their MS symptoms, despite
being generally open-minded to AS and keeping themselves up to date with recent advancements. A
salient topic throughout the sessions was the fatigue experienced by participants, for example
participants in the stroke group extensively discussed ‘neuro-fatigue’ as commonly resulting from
experiencing a stroke. There was consensus that it would be highly valuable to have AS that could
help prevent and ease physical and mental fatigue, as well as emotional distress.

“I think this is where it gets really complicated because it's not just high activity or what you do in
a day. So, I consider myself quite able physically and communication-wise, and 1 feel very fortunate
for that but you saw me really struggle with the word "alarm’ today. Now that is because 1'm really
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tired at the moment. I"ve had a lot going on in my head and physically for various different reasons.”
[P6S]

However, participants also found it difficult to picture how fatigue symptoms or emotional
conditions like depression could not be easily detected by AS. Participants in both groups suggested
that future AS should allow users to manually enter data about their emotional and mental states, so
that it could learn from it and subsequently help to monitor and support them. They further proposed
systems that could prompt entering data like a diary, using metaphors such as ‘battery-level’ to
explain their energy states.

“So, a regular person, a non-stroke survivor, starts with a fairly full battery at the beginning of the
day, whereas a stroke survivor typically starts with less [...] Because of that, the stroke survivor, the
levels of fatigue kick in sooner than someone else’s. And then you ve got the added complication of
neuro-fatigue. But if there was a way to potentially have that information, that whether there is
qualitative or quantitative data information in the system somehow, so the system then learnt by
that, urm, and then set you goals which took that into account, that would be, I mean, it would be
really clever” [P1S]

Additionally, two other subthemes specific to the stroke group were generated. Firstly,
participants expressed concerns about becoming reliant on AS and losing their autonomy (subtheme
1c). In contrast to people in the MS group whose technology use for controlling and monitoring their
home was seen as a way to gain independence and support, participants in the stroke group
expressed strong concerns about losing their autonomy to AS if they depend too much on them. “It’s
more important for you to be independent than use this device obviously.” [P5S]. They felt that although
technology is useful, it is important for them to complete tasks for themselves and push themselves
physically and mentally to avoid becoming reliant on technology.

“You mustn’t have these, too many of these benefits and these machines, otherwise you'll be sitting
in the chair all day and it'll make a cup of tea for you.” [P3S]

This could be explained by the physical differences between people in both groups, where those
in the MS session reported more constrained mobility than those in the stroke group. Additionally,
stroke participants often talked about having to re-learn tasks and re-wire their brains, which they
felt would be harder if they relied on technology for common tasks.

Lastly, participants in the stroke group profoundly remarked on the need for integrating
adaptability in AS design, not only to fit individual goals and needs but subsequently, to support
emotional wellbeing (subtheme 1d). Whilst smartwatch users reported that tracking their daily steps
could evoke feelings of happiness and pride, participants in the stroke group pointed out that the
pre-set goals can seem unattainable and cause negative impact on participants” emotional wellbeing.

“You're going to think ‘well I should be aiming for this’, and ‘I can’t even do this’, so I think
achievability [is keyl, and that’s going to be individual obviously to the person because it's depending
on everybody’s needs.” [P6S].

These experiences become annoying and frustrating for participants and can push some to give
up using the devices altogether. Adaptability could be based on the system learning automatically,
but the ability to manually change goals and ‘correct’” assumptions made by the AS was highly
important. Such flexibility needs to consider not only the differences between individuals but also
how their physical and mental condition changes from day to day.

“I think also [name], you know, what you 're able to do on Monday may drastically vary on another
day, mightn't it. So, if you're not able to change the goals and it's changing them for you, one day
I'm capable of doing loads and another day I'm not. I'm done by about 11 o’clock.” [P5S]

3.2. Theme 2. Attitudes towards the smart mirror

The second theme encompasses the participants’ feelings and attitudes towards the concept of a
smart mirror. A range of desired functions were expressed (subtheme 2a). Both participant groups
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believed the smart mirror could potentially be especially useful for those with memory problems and
those with mobility issues that could be picked up and monitored by the smart mirror.

“You know it’s like... it's handy for those that've got a memory problem” [P8S]
“As a prompt, it would be really good... I go far too long with a warped body, as it were” [P2S]

Personal stories from the participants spoke to this potential useful feature, including a
participant who reported spending long periods of time without seeing any other people and so
suggested the smart mirror would be a useful tool to diagnose mobility issues such as issues with
posture or gait, that would otherwise be missed until the next appointment with a healthcare
provider. Another desired feature of the smart mirror would be to combine and summarise
information from multiple sources and devices, including gathering data from external sources, such
as patient records from the NHS, information from the individual through other devices, and through
self-report input.

“I think that numerous data sets plus some way of getting in your NHS diagnosis — where you are
on the scale or your different attributes. If all of those datasets feed through, I can see it actually being
really, really helpful.” [P3M]

This would also save the user from having to check multiple devices throughout the day for
alarms, reminders, and other features. Participants also highlighted that a range of input methods
would be needed to include those with a variety of physical problems, such as voice-activation for
those with tremors, poor dexterity or other physical disabilities and other alternative activation
functions for those with speech problems.

While most participants had largely positive views on the smart mirror concept and proposed
ideas about what would make it useful, there were inevitably views that expressed concerns that
would hinder adoption. Drawbacks included a lack of portability and hence inclusivity and
practicality, as well as a sense of redundancy from having multiple technological devices that do the
same job (subtheme 2b). To many participants, the mirror being in a fixed location was a major issue
with its usefulness, as the AS would fail to capture activity done away from the smart mirror, and it
would be easy to mislead the smart mirror by acting differently in front of it. In order to
circumnavigate these issues, multiple smart mirrors would be needed around the home which may
be expensive and impractical, and participants suggested it would be crucial to have the smart mirror
linked to other, more portable devices. Many participants expressed concern over the practicality of
setting up the smart mirror if the user was elderly or disabled in any way, as not every individual
would have someone to help them set it up. Moreover, the smart mirror would need the user to have
sufficient space in the home to complete exercises in front of it, thus inclusivity is lacking for those
with limited living spaces.

“I think it’s really important [name] saying how he’s got a small space, so if it was to be a mirror, it
wouldn 't really work for him. And this is where my concern would be, that it's not all inclusive, and
I think it's a really, really great idea, but I think the mirror idea needs possibly to be scrapped because
I don’t think that makes it accessible for everybody.” [P2M]

There were also concerns that the mirror could not provide value to users in all stages of their
medical condition journey, including those with and without regular check-ins with care providers,
and those with differing needs. The final drawback discussed by both groups was the issue of
technology redundancy and being overwhelmed by multiple devices. Multiple participants felt that
the smart mirror was not distinguishable in function from other AS such as smartphones, smart
speakers like Alexa, or tablets.

“I know my health flags; I know I've got my computer. I've got an Alexa that does most of that and
a little screen on it. So, I don’t understand what purpose there is [to the smart mirror]” [P8S].

Additionally, participants felt that having multiple technological devices along with the smart
mirror would feel overwhelming and add to the mental fatigue felt by individuals with a medical
condition such as MS or recovering from a stroke; participants felt technology is taxing for the older
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generation anyway, but with the addition of a medical condition that involves fatigue, the idea of the
smart mirror along with other devices felt very overwhelming and unnecessary.

Participants also emphasized that messaging should be framed to avoid condescension or
disrespect (subtheme 2c). For those who have a medical condition or have experienced a life-changing
medical episode such as a stroke, there are consequences that can seriously affect mental wellbeing,
such as having lower confidence and being more prone to depression and low mood. Therefore, the
tone and content of messaging from the smart mirror should be positive, gentle, and encouraging to
benefit wellbeing, rather than having an instructing, condescending, or demanding tone that may
result in negative impact on the user’s mental health and wellbeing.

“It would reduce me to tears if it didn’t have a very gentle approach, because when I'm having my
bad days I already know I'm having a bad day and I know I can’t get a coffee with my friend and
that’s horrible as it is. I don’t need some flipping gadgets saying "and don't do this” ...I know that
I'd be really upset and it would probably put me to the floor to be honest with you.” [P2M]

“I think there’s also something about how the, what the content of them — the message, whether it's
a text message, whether it comes up on your phone. So, if you were expecting to hit 5000 steps because
you have, you had like normal days before and you didn’t quite do it, it should say in that sort of
way, it should have a positive spin on it.” [P1S]

Finally, specifically in the MS group, participants felt that attitudes towards the smart mirror
would depend largely on how useful it was to the individual (subtheme 2d). For example, some
participants would want a trial period of the smart mirror before purchasing it to assess its usefulness
before committing to the technology. Similarly, the participants’ trust in the smart mirror would be
conditional on trust in where the technology and the data it used was coming from, such as having
high trust in the NHS. “Well, I would assume that it’s coming from a trustworthy source, whoever's
programming it, is that coming from the NHS? Or who’s putting information into it?” [P2M]

3.3. Theme 3. Attitudes towards data sharing

The third theme combines the different views on data sharing within the context of health
monitoring. Overall, there is a willingness to share data with healthcare professionals, if it is under
the control of the participants (subtheme 3a), as different people feel comfortable sharing different
types of data under diverse circumstances.

“I think it has to be the user. That's what personally I would think because somebody else could abuse
the situation.” [P7S]

The conditions that would have to be met for different participants to be willing to share their
data range from the ability to review the data before sharing it with healthcare professionals, the
option to opt out of sending data to GPs, data being anonymized before sharing and the option to
only share specific types of data.

“You need to have some control over it, either to be able to say ‘no, I don't want the data to go’... or
to know that it’s gonna go by the right routes and be anonymized.” [PAM]

Some participants also only felt comfortable sharing their data with specific healthcare
professionals (for example, sharing data with physiotherapists but not GPs). While the specific
conditions vary, all have the commonality of giving control of the data to the user.

Participants from both groups also raised points regarding the feasibility of data sharing in terms
of availability and attitudes of different healthcare providers (subtheme 3b). There were concerns
about the use and practicalities associated with sharing the data, for example some were skeptical
that healthcare professionals would have time to review any data that was shared.

“But how often is it, the doctors are very busy, would they have time to look at it? If they "ve got ten
people on their books that have got a mirror, and they re all supplying data, how do they deal with
it? They're overstretched as it is.” [P8S]

If data was to be shared with healthcare professionals, there is an expectation that this data
would be used to inform their individual treatment.
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“I want the NHS to actually be doing something on the other end rather than just providing data to
them for them to collate. I want it to go to, you know, I want it to go to my consultant. I want it to
be looked at for my annual reviews and things like that. 1'd like it to go to the GP because you know,
if it’s not being used for beneficial purpose, there’s really not much point giving it to them.” [P3M]

The variation of attitudes towards data sharing is further seen in Themes 3c and 3d. Some
participants from the Stroke group did not have such positive attitudes, caused by worries about the
consequences of data sharing with medical institutions, in particular the effect on receiving care
services and benefits (subtheme 3c). They expressed concerns that it could affect their access to
services such as not getting physiotherapy appointments or Government benefits if the data that was
reported was interpreted as them not needing health or economic support.

“I think you'd have to be very careful though because it might catch you on a real good day, you
know, and sort of take that as an example, report it back to your doctor. Then all your benefits go, if
you 're on benefits of any sort, you know.” [P5S]

A lack of trust was also conveyed as participants questioned the intentions of the mirror
manufacturer and the need to collect personal data, which had a subsequent effect on the likelihood
and willingness of participants to share their data. Interestingly, these concerns were only mentioned
by participants from the Stroke Group, whereas participants in the MS Group were more open-
minded towards data sharing (subtheme 3d), but again positive attitudes towards the smart mirror
are conditional on its usefulness to the individuals and if it benefitted others and the medical
community. A few participants had several years of taking part in medical research, thus feeling
comfortable sharing their data with the hope that it could advance scientific knowledge and support
for people with their condition in the future. Moreover, they reported being happy to share their data
with their health care professionals to improve their own care. However, they are less comfortable
sharing their data with other stakeholders outside of the health care institutions. Having their
information sold to third-party companies, especially if it was not anonymised, would not be happily
approved.

“I was gonna say for me personally I have no problems with the NHS having my full data, it’s when
it gets outside of the realms of the NHS, I'm not comfortable with the data being shared. It would
have to be anonymous outside of the NHS.” [P3M]

4. Discussion

Using design fictions, our study of people with MS and those who recover from a stroke elicited
their current use of technology in their healthcare regime and their attitudes towards future
autonomous healthcare systems integrated into smart appliances, especially a smart mirror, in the
home. Our findings describe a complex landscape of tensions between advantages and disadvantages
of a smart mirror being involved in personal healthcare at home, the intricacies and details of which
we discuss in the following and synthesize into design recommendations.

4.1. The current use of and perceptions about AS

Many participants already made use of a range of technologies to control and monitor their
home, such as lightbulbs, plugs, thermostats, doorbell cameras, and other smart home technologies.
These devices helped them to feel a sense of autonomy and support, especially where they had
limited mobility or other physical issues. This is consistent with findings from Ayobi et al [17],
showing that people with health issues can benefit from AS and self-tracking behaviours due to
gaining a sense of control over unpredictable conditions. However, technology is not a solution for
all participants, as some MS participants found AS to be inadequate to their circumstances. This
showcases the importance of integration of AS for healthcare within the specific circumstances of the
user, and need for diversity and flexibility of AS. An important point, especially among the
participants in the stroke group, was that overuse and overdependence on such smart technologies
may lead to a loss of autonomy and a detriment to their health, hence they were reluctant to add any
additional technology to their routines.
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4.1.1. The ecosystem of devices used for lifestyle and self-management.

Participants often discussed the value of using smart phones and smart speakers for setting
alarms and reminders for daily tasks such as remembering to take medication, and calendars and
notes for planning activities. This helped them to deal with the memory problems experienced by
many in both groups. A couple of participants also discussed apps for brain training and meditation
to support cognitive and mental wellbeing, reverberating the desire for mindfulness activities in
health apps discussed by Di Cara et al [21]. Others used smartwatches or fitness bands to monitor
their daily activities such as walking and sleeping. However, most of the time they did not speak of
these technologies in terms of ‘healthcare’, often stating that they did not use any technology to
support their physical or mental health.

Combined with the range of in-home devices in use by many participants, it is clear that they
have created for themselves an ecosystem of devices that help them to manage their day-to-day lives
and their health conditions. On the surface, this seems to suggest a form of ubiquitous computing
similar to Mark Weiser’s vision [69], with a multitude of (networked) computing devices within reach
at all times. However, unlike in Weiser’s vision, there was a clear distinction for participants between
lifestyle management technologies and specific healthcare devices. Some, especially in the MS group,
stated they did not know of any technology that could support their symptoms, despite using a range
of devices and having a general open-mindedness towards future developments. This highlights how
the quantified self is not accessible to all people currently, potentially rendering some “statistically
invisible” depending on how the AS data is used. It also highlights an opportunity to make the link
between lifestyle management/the quantified self and their healthcare regime more legible to users
by (1) increasing applications to different symptoms, (2) more directly connecting and contributing
to their healthcare, and (3) /networking the different devices to increase their value in a user’s
healthcare regime.

4.2. The addition of smart mirrors to support physical and mental health

A major point that emerged throughout the focus groups was that everyone has a unique
journey through their health diagnoses, and individual experiences of having a medical condition
need to be considered in the design of AS. The consensus among most participants, especially in the
Stroke Group, was that the AS would need to be flexible and inclusive to adapt to the user’s unique
abilities. And while the technology is adaptative [31], it is so only within a very constrained setting.
MS can be a degenerative condition and hence people at different stages will have different needs
from the AS. Participants in the Stroke Group also acknowledged the importance of the AS needing
to consider or be adaptable to the different stages of the journey one experiences when having a
medical condition. Attitudes towards the smart mirror depended greatly on its” perceived usefulness
to the specific healthcare journey of the individual. Overall, technology such as the smart mirror has
the potential to help with daily life and reduce stress and neuro-fatigue, in turn improving general
wellbeing, which will likely have positive effects on specific medical conditions, such as MS.
However, the design needs to consider specific use cases of those who can benefit from it the most,
while also being “non-fatiguing”. This could, for example, be achieved by technology, including
smart mirrors, being unobtrusive and operating in the “background”, which would “not require
active attention”, as described by Weiser [69]. Moreover, any health technology should take into
consideration economical, physical, and social external factors [70].

Whilst both groups felt that a smart mirror might be potentially useful to those with memory
problems, and as lifestyle management to prevent and support fatigue, the major appeal of the smart
mirror concept was for physical therapy, gait analysis, and other physical support, especially in
between healthcare appointments. This is echoed in the literature, given that AS for these conditions
have so far focused on mobility and balance, gait and movement analysis, and limb rehabilitation
[16,18-20]. Given the desire to not become overly reliant on technology, such features should be
designed to be non-addictive, and with the aim of becoming redundant by training users to not need
the technology.
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The relationship between technology, health professionals, patients, and wider health
considerations was also highly important to participants. Some were concerned that the mirror would
not provide value for users who did not have regular contact with care providers, including GPs and
physiotherapists, who could oversee the use of the mirror and input or modify care plans.
Conversely, there was skepticism that even those who regularly saw a care professional would see
any added value. This was often because they felt that GPs were particularly so overstretched that
they would not have time to review the vast quantities of data that could be shared, and hence there
was no point in sharing it if it was not to be used to improve their individual care. There was an
overwhelming sense that health institutions do not have the capacity to undertake this approach to
health; it is important that AS is designed to support and not overwhelm the healthcare professionals
as well as the user. This could be done through automated visualisations, AS that could highlight
changes and anomalies, and that could connect to health records and reports from patients to provide
a useful overview/dashboard. Whilst many would be most comfortable sharing data with
physiotherapists, a further concern, especially among the stroke group, was that any data sharing
could be used to remove rather than support care, for example by making them lower priority for
appointments. In a wider sense there was also fear it could be used to deny their claims for
Government benefits, if the data indicated they were improving or did not hit a threshold for support.
These last two points illustrate a lack of trust in government and (healthcare) institutions, rather than
the technology itself.

4.2.1. Recommendations for necessary technical features of a smart mirror

Participants made a series of recommendations for features that would be necessary to smart
mirror adoption, which is shown in Figure 4.
Goal setting. The goals for activity and other tasks should be user-led and variable based on user
data, as autonomous goal setting is often tailored to the average individual and does not consider
symptoms such as fatigue which can lead to a negative impact on wellbeing for the user if the goal
is unattainable.
Sympathetic messaging. Messaging should be framed to be sympathetic,
uncondescending/respectful, and encouraging. Participants emphasized that people with health
concerns often have lower confidence and be more prone to depression and low mood, and that
messaging that was instructing or demanding may have negative impact on the user’s mental
health and wellbeing.
Input methods. It is vital that a smart mirror supports a variety of input methods, to be inclusive to
those with a variety of physical problems. These include voice-activation, keyboard, and touch
screens, to support people with speech problems, tremors, poor dexterity and so on.
Manual entry. The smart mirror should allow manual entry of emotional and mental states
including fatigue, with prompts to enter data, for example indicating wellness levels at the start of
the day and at points throughout. This data would need to be aggregated with the automatically
collected data for the AS to learn about the users’ needs. This also highlights the need for
technology to be user-led and enhance rather than undermine autonomy.
Aggregation and integration. A smart mirror should connect to, aggregate, and display data from
other devices, to automate detection of individual patterns, and notify users when patterns changed
or when thresholds were reached. This includes pulling data from patient records, manual input,
and smart home devices, as well as mobile phones and smart watches. Such seamless integration
could help to prevent fatigue, and support care management, by saving the user from having to

check multiple devices throughout the day for alarms, reminders, and other features.
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Control of data. Sharing of data should always be in control of the participants, including which
data to share and with whom, as well as levels of anonymisation and aggregation.

Physical space. A smart mirror should be physically and functionally accessible. It should be
located in space appropriate for it to function. For example, if assessing gait or posture, there
should be sufficient space in front of the mirror for a person to walk or stand at the required

distance from the mirror.
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Figure 4. Design recommendations. A smart mirror design needs to consider "soft skills", "data input",
and "data management” as well as its placement in "physical space”.

4.2.2. Perceived barriers to use a smart mirror

Participants also highlighted several potentially adverse or unexpected outcomes which could
be barriers to the user of a smart mirror.
Lack of portability and practicality. The mirror being in a fixed location is a major issue for its
perceived usefulness, with concerns that it would fail to capture important activities. Multiple
smart mirrors would be needed around the home, which may be impractical and expensive, and
hence the need for the smart mirror to be linked to other, more portable devices.
Lack of accessibility and inclusivity. Setting up a smart mirror may be difficult or impossible for
users who are elderly or disabled in any way, as not everyone has someone to help them set it up.
The smart mirror would also require a sufficient amount of space to collect certain data, or to

acilitate tasks such as exercises, limiting its” inclusivity.
facilitate task h 1 t ts’ 1
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Redundancy and the overwhelming nature of multiple devices. There was a strong sense that a
smart mirror would be redundant given that most people already have multiple technological
devices that do the same job, and that the additional of more devices would be overwhelming and
add to mental fatigue throughout the day.

Lack of trust in data sharing. As discussed in section 4.2, participants had strong feelings about
sharing data with healthcare systems, including a fear that such sharing may lead to a removal of
vital services. This lack of trust was also evident in sharing with others, outside of the healthcare

setting, especially device manufacturers.

5. Conclusion

New appliances, such as a smart mirror, offer opportunities to support healthcare at home.
However, as our stakeholder engagement has revealed, such technology requires careful design in
terms of hardware (e.g., the device’s precise location in the home) and software (e.g., responding
appropriately to highly personal and variable health conditions). Our study was limited to two
patient groups of people with MS and people who have had a stroke. Engaging patient groups with
different conditions and focusing on a diversity of AS systems will likely extend and help to make
our design recommendations more comprehensive and robust. A next step of our research will be
the design and physical deployment of a smart mirror in a real-world context to test our design
recommendations.
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Appendix A

A.1 Positive Scenario Video Script

Jenny has a smart mirror installed in her home. She uses it for monitoring her health after she
had a stroke. Every morning, when Jenny wakes up, she activates the mirror, and it greets her with a
friendly ‘hello” and a summary of the day ahead for her. Throughout the day, the mirror helps out
by providing reminders for events by linking to Jenny’s calendar, recognising when Jenny is standing
in front of it and monitoring posture and facial expression, making suggestions for what to do based
on the data it has collected over time, and guiding Jenny through daily exercises and mindfulness
activities. At 10am, the mirror reminds Jenny that it is time for her to take her medication. It also
reminds her to order another prescription and offers to do that for her. Later in the day, when Jenny
enters the bathroom, the mirror praises Jenny for the improvement in her posture and asks how she
is feeling today. After lunch, the mirror suggests a nice walk as the weather is good and the data
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shows that a few short walks a week is good for Jenny’s symptoms. At 4pm, the mirror suggests some
gentle exercises to maintain her good posture. It guides Jenny through them a couple of times to make
her comfortable. Then it does a short meditation with her to wind down. At the end of the day, the
mirror prompts Jenny that it is close to her bedtime and suggests some calming activities to wind
down. Before bed, the mirror displays the day’s data to Jenny and asks her if she would like to share
it with any of her designated contacts.

The video presentation of this scenario can be seen at https://tas.ac.uk/wp-
content/uploads/2022/01/Stroke-positive.mp4

A.2 Negative Scenario Video Script

Jenny has a smart mirror installed in her home. She uses it for monitoring her health after she
had a stroke. Every morning, when Jenny wakes up, the mirror recognises that she is up and
promptly provides a list of things to do for the day ahead of her. Throughout the day, the mirror
provides regular notifications which Jenny must respond to. It provides reminders for events by
linking to Jenny’s calendar, recognises when Jenny is standing in front of it and monitoring posture
and facial expression, makes suggestions for what to do based on the data it has collected over time,
and guides Jenny through daily exercises and mindfulness activities. At 10am, the mirror tells Jenny
that it is time to take her medication. As she does not immediately respond it prompts her several
more times. Later in the day, when Jenny enters the bathroom, the mirror berates her and tells her
that her posture has gotten worse. It tells her that she should check in more often. After lunch, the
mirror tells Jenny to cancel her plans as she has been overdoing it. It removes a coffee date from her
calendar. At 4pm, the mirror tells Jenny that she should do some extra exercises due to her posture
measurements earlier. It skips the mindfulness activities for that day, prioritising the exercise. This
cannot be overridden. At the end of the day, the mirror tells Jenny that it is her bedtime and begins a
countdown for turning off the television and main lights. Before bed, the mirror sends all of the data
it has collected over the day to the manufacturer of the mirror and to Jenny’s GP.

The video presentation of this scenario can be seen at https://tas.ac.uk/wp-
content/uploads/2022/01/Stroke-negative.mp4
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