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Abstract

Frailty is a complex and dynamic process that is becoming increasingly common

as the population ages. Early intervention has been shown to reverse or slow pro-
gression, but requires support from increasingly limited healthcare resources. Digital
health interventions could potentially assist, but first it is vital to understand older
adults’ experiences and perspectives. This study describes feedback from older
adults with symptoms of pre or early frailty on the design concept of a digital device
intended to function as an adjunct to physiotherapy and occupational therapy by
increasing frequency and quality of safe movement at home. Objectives were to
better understand experiences of frailty, and to identify potential influencing factors on
adoption and adherence. In-person audio-recorded qualitative interviews were con-
ducted with 17 older adults and 5 carers recruited from community settings. Reflexive
thematic analysis generated two themes: ‘autonomy and prompts: importance of
personalisation’; and ‘digital interfaces and accountability: importance of usability and
purpose’. In addition, three personas were generated from the data, each describing
different needs and preferences for such a device. Situating the results of analysis

in the context of current literature, a set of Guiding Principles was created to support
future design development in this area. These highlight important factors for consid-
eration when designing for this population, and provide key design feature sugges-
tions and implementation strategies to address these factors including: ensuring the
device has clear purpose; is adaptable to the diversity of needs within this clinical
population; any form of feedback is safe, relevant, useful and rewarding to multiple
users; and technical support is accessible and ongoing. It is recommended that the

PLOS One | https://doi.org/10.1371/journal.pone.0343371

April 6, 2026 1/21



http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0343371&domain=pdf&date_stamp=2026-04-06
https://doi.org/10.1371/journal.pone.0343371
https://doi.org/10.1371/journal.pone.0343371
http://creativecommons.org/licenses/by/4.0/
mailto:PCPSarchiving@soton.ac.uk
https://orcid.org/0000-0003-1491-1801
https://orcid.org/0000-0002-4172-2056
https://orcid.org/0000-0001-5513-7571
mailto:kjb1e08@soton.ac.uk

PLO\Sﬁ\\.- One

who meet the criteria for access to confidential
data.

Funding: The project was funded by UKRI’s
Engineering and Physical Sciences Research
Council (EP/W031531/1). This funding was
received by Drs. Helen Dawes, Katherine
Bradbury, Andrew Wightman, Glen Cooper,
Alison Pighills, Sally Lamb and Maedeh
Mansoubi.

Competing interests: The authors have
declared that no competing interests exist.

target population, and clinical purpose be more clearly defined within the healthcare
context to encourage personal rehabilitation through enhancing the therapeutic alli-
ance rather than focussing on individual behaviour change of diverse older adults.

Introduction

Frailty is a common and important health issue for older adults with an overall UK
prevalence estimated to be 8.1% among adults over 50 years old, with substantial
variation by geographic region, with the lowest regional prevalence at 4.0% and the
highest at 15.7% [1]. With an ageing population and increasing number of people
living with chronic disease, the prevalence and associated health costs of frailty
are rising [2]. There is no gold standard definition, but it is generally understood as
an age-related state of reduced physical and social robustness, and consequent
increased vulnerability to adverse health outcomes [3—7]. It is commonly measured
using either the Fried frailty phenotype focussed more on symptoms such as loss
of strength, inactivity and fatgiue [4] or the Frailty Index with a greater emphasis on
multimorbidity [8]. More recently, there is a call to broaden these definitions of frailty
according to the international classification of functioning, disability and health frame-
work to include physical, mental, personal, environmental and social factors [9].
Risk factors for frailty are multifactorial including sociodemographic and psychoso-
cial factors, and prevalence is consistently higher for women than for men [10]. Few
longitudinal studies examine the progression of frailty [10]. Frailty can be conceptual-
ised as a process of decline, preceded by prefrailty: a clinically silent process, or latent
phase, where people have one or two of the symptoms that later classify them as
frail, predisposing individuals to frailty [3]. Pre-frailty presents as an intermediate state
between robustness and frailty, where risk of frailty is higher [11], offering optimal timing
for preventative rehabilitation [12]. As such, we must understand frailty as a dynamic
multifaceted process requiring ongoing, holistic person-centred evaluation [13—15].
Rehabilitation for frailty and pre-frailty includes supporting people to increase
their physical activity levels, particularly through resistance-based strength training
[16]; critically, movement interventions that are wholly self-led are less effective than
supervised interventions [17]. Older adults living with frailty have significant barriers
to increasing physical activity, including loss of confidence (particularly with fear of
falling [18]), pain, fatigue, low mood and lack of awareness of appropriate and ben-
eficial exercises [19]. The literature emphasises that older adults’ attitudes towards
exercise are generally positive, and that having guidance from a professional (e.g.,
physiotherapist) greatly increases self-efficacy and engagement [19,20]. Occupa-
tional therapy assessments of the person’s home environment can help reduce the
risk of falls and facilitate improved confidence and functionality within the home
and home-based activities [21,22]. Unfortunately, access to these services is often
limited. According to the British Geriatrics Society, 81% of services for older adults
routinely face workforce shortages on a weekly basis and 51% on a daily basis [23].
Digital technologies may help improve access to physiotherapy and occupational
therapy support.
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Digital health interventions offer potential to monitor personal health changes while supporting the implementation of
rehabilitation services to reach large populations without using as much healthcare practitioner resource, which is often
limited. The ability to collect naturalistic, longitudinal data to assess abilities over time is especially relevant to the dynamic
nature of frailty [15]. Digital devices can also be helpful to improve social connectivity, and promote physical exercise,
while unobtrusive body worn sensors around the waist, for example, can predict frailty, slowness, performance and physi-
cal activity [24]. Current devices focus on individual aspects of frailty, but as yet no studies combine multiple measures, or
explore how people are moving (e.g., gait asymmetry) in the complexity of naturalistic conditions [25]. A scoping review of
current technologies targeted towards frailty highlights the tension between standardising frailty measures and requiring
personalised interventions to address individual variation, emphasising the need for devices to be co-designed and meth-
odologically tested [26], and there is a call for qualitative research to explore lived experiences of frailty to better inform
intervention development and delivery [27].

The current study explores older adults’ and their carers’ perspectives on a specific design concept: a novel
digital intervention intended to provide some of the support that occupational and physiotherapists would ideally
give to help rehabilitate people with pre-frailty. The proposed technology integrates multiple wearable sensors, to
be worn daily to collect naturalistic information on the user’s gait, stability and physiological response to movement,
with a user interface that prompts personalised exercises designed to improve measures of frailty by regaining or
maintaining strength and stability. The second aspect of the intervention design includes 3D modelling of the home
environment using light detection and ranging technology (LiDAR) to facilitate a home assessment by an occupa-
tional therapist without the need for a home visit, and elements of social connectivity, and the design and develop-
ment is being led by feedback from older adults. In this early phase of the development, potential users (involved in
the study via formal participant, and patient and public inclusion and engagement (PPIE) groups) acted as critical
friends to provide in-depth feedback on the initial design proposal to allow intervention planning. This paper pres-
ents an in-depth qualitative study which aimed to collect feedback from older adults who identify as starting to have
difficulties moving (pre or early frail) on the proposed device as part of an overarching co-design methodology, the
Person-Based Approach [28]. The objectives were to better understand experiences of frailty both thematically and
through the creation of evidence-based user personas (archetypes of potential users of the proposed technology that
are used to guide technology development), to identify user preferences, as well as influencing factors to adoption of
and adherence to such a device.

Methods
Study design

This study describes the intervention planning phase of the Person-Based Approach [28]. The Person-Based Approach
combines user centred design and behavioural science methodologies to generate in-depth qualitative data to better
understand and accommodate the needs and preferences of target users of an intervention. This study involved quali-
tative data collection via semi-structured interviews conducted in person, in the participants’ homes, alongside regular
PPIE meetings with a group of seven members of the public who either identified as prefrail, or cared for someone who
was frail, or worked in the community as a volunteer providing support to older adults. A PPIE group acts as a committee
of people with lived/living experience of the subject being studied who can provide vital insight throughout all research
processes to minimise stigma, and maximise credibility and relevance.

The data gathered during the interviews were thematically analysed to describe the researchers’ interpretation of
findings. In addition, user archetypes were created grounded in a grouping of the different needs, attitudes and capabili-
ties identified from the data. These archetypes are a methodogy used in the field of human-computer interaction and are
termed “personas” [29]. These were used to communicate variations within a group of potential technology users to further
guide user-centred technology design.
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Drawing on the in-depth understanding of the target user group from thematic analysis and persona generation in the
context of current literature, Guiding Principles were generated using the Person-Based Approach [28]. These are design
principles focussed on making an intervention engaging, persuasive, meaningful and enjoyable in order to optimise
user uptake, engagement and sustained use required for improved clinical outcomes. The Guiding Principles therefore
describe implications of the primary data and are presented in the Discussion section to communicate key design features
and implementation strategies for this device and others like it.

Ethical approval for this study was obtained from the University of Southampton (ERGO# 78959.A1).

Participants

Recruitment was focussed in and around a large urban/coastal area in the south of England and was open from 9" May
2023 and closed 15" December 2024 due to study timelines. Engagement with local community partners (charities focus-
sing on older adult wellbeing through befriending or provision of activities) was essential to recruitment. A recruitment flyer
was co-designed with a local good neighbour organisation, Communicare, for postal distribution via their monthly news-
letter. The flyer invited people aged 65 or older who were finding walking harder, more tiring, or felt like they were losing
strength, to take part in an interview to discuss the project and their thoughts about the proposed technology. The invita-
tion noted that all participants would receive a £20 gift voucher in gratitude for their time, and that if interested they could
call or email named researchers for more information about the study, and to provide contact details for participation.

Individuals interested in taking part contacted the research team directly and were screened for eligibility by telephone.
Eligible participants were over 65 and scored 1 or 2 (prefrail) on the simple frailty questionnaire [30]. Participants who
scored less than 1 (not frail) or more than 3 (very frail) were excluded. This questionnaire is less detailed than longer form
screening tools, and requires further diagnostic validation, but incorporates elements of the frailty phenotype while also
accounting for multimorbidity and has been shown to be a time and cost-effective screening instrument for frailty [31]. It
does not measure cognitive frailty, and we did not exclude participants who self-reported cognitive impairment. All partic-
ipants had capacity to consent to the study which was assessed during screening and interviews as per the UK Mental
Capacity Act (2005) [32]. Participants were also selected purposively to include a range of age, gender, ethnicity, relative
deprivation (based on Index of Multiple Deprivation score [33] from address) and health literacy (using a brief question-
naire [34]). Based on previous projects, a sample size of 20 older adults and family caregivers was estimated to provide
sufficient information power [35] for the study. Eligible participants were invited to attend an interview in person in their
homes (or elsewhere if preferred).

Recruitment stopped once the target of 20 older adults was reached, unfortunately, 3 were subsequently lost to follow
up, where contact was made in this situation it was found to be due to hospitalisation. During the recruitment period, 2
were deemed ineligible due to permanent disability rather than age related frailty, 6 scored as robust when screened, and
1 declined to take part after being provided further information due to their dementia and feeling it was inappropriate for
them. A total of 17 older adults (7 male and 10 female) and 5 family caregivers (3 were spouses and 2 were children of the
older adults) were recruited. The average age of older adults was 79.7 (SD 5.5) years. Eighty-two precent of older adults
identified as white ethnicity, and 17.6% identified as black ethnicity; of these, 64.7% lived alone, and 58.8% scored as frail.
Participant characteristics are summarised in Table 1.

Data collection

In-person interviews were conducted in the participant homes by LD (an experienced female qualitative researcher). Each
participant was interviewed once. Interviews were conducted one-to-one except for older adult and caregiver dyads who
were interviewed together.

Prior to audio-recording, the researcher reviewed the purpose of the study and provided a participant information form.
The participants were given the opportunity to ask questions and then asked to complete the written consent form.
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Table 1. Participant characteristics.

Characteristic ' N(%)/Mean+SD
Participant type:

Older adult 17

Carer 5
Carer relationship:

Spouse 3

Child 2
Older adult gender:

Male 7 (41.2)

Female 10 (58.8)
Carer gender

Male 1(20)

Female 4 (80)
Older adult age, years 79.7+55
Older adult ethnicity:|

White British 14 (82.4)

Black/African/Caribbean 3(17.6)
Carer ethnicity:

White British 4 (80)
Black/African/Caribbean 1(20)
Index of Multiple Deprivation score 49+29

Older adult housing:
Lives alone 10 (58.8)
With at least one other family member 6 (35.3)
Accommodation with warden on premices 1(5.9)
Older adult education:
High school 11 (64.7)
College 3(17.7)
University 3(17.7)
Frail Scale Score:
O (robust) 0
1 (prefrail) 4 (23.5)
2 (prefrail) 3(17.6)
3 (frail) 10 (58.8)
4 (frail) 0
5 (frail) 0
Health literacy score?:
12 3(17.6)
13 1(5.9)
14 9 (52.9)
15 3(17.6)

"Measured using the simple frailty questionnaire [30].
2Measured using a brief questionnaire [34] with a maximum score of 15 indicating all participants had

adequate health literacy.

https://doi.org/10.1371/journal.pone.0343371.t001
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A semi-structured interview guide with main questions and prompts was used to guide the research (see Supporting
Information 1). Interviews began by asking about the participants’ general routine, any challenges moving around, and
what they enjoyed doing. Participants were asked about any mobility aids they might use and if they had any prescribed
exercises they do on a regular basis. The researcher then provided a standardized lay summary of the concept of the
technology design for feedback, highlighting that the concept is still in very early exploratory stages, and there was no
prototype to show them, but currently available health technologies were used as reference such as smart watches (see
Appendix 1). Participants were asked about their first impressions, whether they could imagine themselves using the
device, how they felt about different elements of the design, and if they had any concerns or preferences. Interviews
lasted an average of 79.4 minutes (SD 18.2) and were audio recorded and transcribed verbatim. In addition to interview
data, the interviewer made field notes and reflections about their conversations with the participants and observations in
the home.

Data analysis

Data were collected in parallel with ongoing device development and were initially coded for technical feedback for
the engineering team, to directly inform their design. A brief summary of these findings is presented in Supporting
information 2. Once all data had been collected, JC (an experienced qualitative researcher, behavioural scientist,
and lead author) analysed the data as a corpus using reflective thematic analysis [36]. This analytical approach is
appropriate for inductive exploration of qualitative data from a constructivist viewpoint acknowledging the impor-
tance of context in understanding, including the implicit role of the research team in the analytic process and can be
used flexibly [37].

Data analysis began with reading over the transcripts and field notes to gain familiarisation with the data. Each tran-
script was coded inductively using NVivo software [38] and reflective notes taken throughout the process. This was an
iterative analysis leading to the generation of themes to draw out key information to better understand contextual issues
and user preferences important to informing the device design. These themes were discussed and refined with the
author’s line manager KB (an experienced qualitative researcher and health psychologist) and presented to the wider
research team (including engineers, and healthcare professionals) and PPIE group for discussion and further iteration.
The final themes are described in the Results with anonymised illustrative quotations and reflect a collaborative interpreta-
tion of the data collected Personas.

In addition to generating overarching themes to illustrate participants’ perceptions of the technology, personas were
created to highlight three unique participant groups identified in the data. The persona creation was a separate, additional,
analysis aiming to illustrate the impact of different context within this patient group (which clearly illustrates how different
barriers/enablers apply in different situations). Whilst this analysis was separate, the same reviewer conducted this, so
both analyses would have informed each other. These personas illustrate key differences within the potential technol-
ogy user base and demonstrate the impact of contextual factors on the understanding and acceptance of, and potential
engagement with the device being developed. Personas are a standard technique in human computer interaction (HCI)
[29] with a practical rather than theoretical approach. These personas were identified through immersion with the data
(including transcripts, field notes and researcher reflections) using constant comparison of key contextual differences
and similarities between participants. No prior inclusion/exclusion criteria were used, rather this was an inductive process
of identifying patterns in the participant characteristics and how they related to the proposed device. Key elements of
the personas included lifestyle, attitudes to their health and wellbeing, degree of comfort and confidence in using digital
technologies, and personal circumstance (home living arrangements). The approach looks at each participant account
individually in terms of the chosen criteria, and then grouping similar patterns together to form an archetype describing a
group of similar shared characteristics. While the themes discuss wider issues relating to the technology for the group as
a whole, the descriptions of the personas identify key barriers and opportunities in different contexts within the sample.
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Personas were developed by the main author JC, with input from KB and LC-K (an expert in HCI), and the PPIE group
as a means of creating accessible feedback for the technology developers and intervention designers. Personas are also
a means of challenging design assumptions. Whilst the technique of using personas has been critiqued for being reduc-
tionist and having the potential to re-enforce biases in attitudes towards a potential technology user group [39], personas
were used in this study because they created a means of illustrating the voices of frailer, older people in a format that
technology and intervention designers found accessible and compelling.

In order to ensure quality of reporting, the consolidated criteria for reporting qualitative research (COREQ) was followed
[40]. A copy of the checklist, including reflexivity statement, is included in Supporting information 3.

Findings

Participants spoke about their general attitudes towards improving their mobility, and experiences with technology in ways
that implicated potential areas for consideration for the development of a digital intervention involving wearable sensors
with an interface to prompt strength-based exercises and the use of digital mapping technology for occupational adapta-
tions of the home. Analysis of the data generated two themes: ‘autonomy and prompts: importance of personalisation’;
and ‘digital interfaces and accountability: importance of usability and purpose’. These themes are illustrated below, fol-
lowed by a summary of three personas identified in the sample.

Autonomy and prompts: Importance of personalisation

Participants prized their independence, and their motivation to increase their activity levels centred around this concept.
Their independence was described in terms of both physical mobility and cognitive function, and any sense of losing inde-
pendence generated emotions including grief, frustration, anger, and sadness. Retaining, or rebuilding independence and
autonomy was a motivation to consider this kind of supportive intervention as well as a condition of using it (i.e., the inter-
vention had to respect their independence in the capacity of its role in supporting it). It was important for the participants to
be able to personalise the device in various ways, particularly for it to be programmed to fit in with their personal lifestyles,
without being intrusive, in a way they felt autonomous and in control.

Most participants were amenable to the idea of wearing sensors, as long as they were not too physically cumbersome,
uncomfortable, or fiddly to put on or wear for long periods. The idea of being prompted by a device to exercise, however,
generated more concerns of invasiveness or intrusion.

“'m very, very comfortable with my life. | don’t really want anything to interfere with that. It's a nuisance. So | would
probably give it a go, but may take it off!” (P12, 80, frailty score 3, lives alone)

While some participants enjoyed participating in public or private formal exercise programmes, most of the activity they
described was functional (e.g., walking up and down the stairs, cooking for themselves, bathing, cleaning, shopping). As
such, the idea of being prompted to do prescribed exercises was interpreted in different ways. Participant 11, a woman
living alone in a three-storey home and walking up and down the stairs every day, stated that despite her active lifestyle,
she felt that she ought to be doing formal exercises, “I don’'t do enough actual exercise like they keep saying to. That's
what | should do.” (P11, female, 86, frailty score 3, lives alone). Participant 6, however, who had recently moved from a
two-story house into a bungalow, felt that she would prefer that the device could recognise that it would not be appropriate
to prompt her to exercise on her more active days when she would be too tired.

“Sometimes, when you go shopping, you're exhausted in the afternoon. You don’'t want to do a load of exercises.
Perhaps if it had a device that would trigger that you wouldn’t have to do a load of exercises if you’d done 1000 steps in
the morning because it's too much” (P6, female, 68, frailty score 3, lives with and cares for spouse)
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Participants also had specific preferences in terms of how prompts for exercise would fit in with their daily routines and
energy levels. Each person had clear times of the day when they were more productive, and these were highly individual.
Some participants were able to list all their daily activities as a regular routine, while others were less habitual. Likewise,
factors such as meals, social interactions, mood or medication use could have an impact, and each participant felt that the
device would have to be attuned to their personal preferences and energy cycles.

“I have to do it before breakfast because I'm a bit lazy during the day. If | did it after breakfast, I'd never get to do it.
So, | have my cup of tea in the morning, and because | take the drugs at night I'm a bit woozy in the morning. Takes
me about an hour to come round. So, | watch a bit of television, then | go and get washed, and then | do my exercises,
then I'm ready for my breakfast, which is usually quite late but there you go.” (P8, female, 73, frailty score 3, lives
alone)

Some participants felt that prompts would be beneficial, and would help nudge them to action. They felt that prompts
would serve as reminders and encouragement to move, especially if there was an element of fun or reward. The idea of
how the prompts would work were interpreted in different ways. One participant associated prompts with how he felt about
music and how it organically prompted him to dance, something he greatly enjoyed.

“Well, you need to be prompted, don’t you, really? You need something to prompt you, whether it's the sound of the
music or because, for instance, if it is anything I’'m watching on the TV and the music sounds good, I'll get up and start
moving to it. It's ways of prompting you to get up and do something.” (P16, male, 82, frailty score 1, lives with child and
grandchild)

Several participants associated prompts with interfering with their autonomy to decide when to move for themselves.
Their reaction to imagining a device prompting them to stand up was sometimes quite dismissive and assertive, “No, I'll
tell myself when | want to stand up!” (P2, female, 85, frailty score 1, lives alone). It was as if the suggestion to have a
device prompt them into action was insulting to their independence, “it might help somebody who’s not quite with it” (P1,
female, 8-, frailty score 1, lives alone). One suggestion to mitigate this feeling was to compose the messaging in a more
gentle manner, as a suggestion rather than a demand.

“I resent people telling me to do something. Asking me is a different matter. ‘Do you think you could stand up, [name of
participant]?’ Possibly, yes, | can give it a go. ‘Do it now,’ - piss off!” (P12, 80, frailty score 3, lives alone)

The option to provide input into the system in order to mute it temporarily or postpone activities was proposed by some
participants. Fatigue, mood, and pain were key factors that were suggested as important inputs that people would like to
provide. Family caregivers were already navigating the balance of respecting the older adult’s autonomy while providing
support. These participants felt that receiving feedback from the older adult about their daily movements (or lack of move-
ment) would be helpful as they would not have to keep checking in directly. One caregiving participant suggested a traffic
light system that could serve as a means for the older adult to have some control over the prompts, but also to provide
objective feedback to the caregiver as reassurance or indication to follow up.

“if you could incorporate something that just said, very simply, red: I'm feeling rubbish. | can’t do very many exercise
today, I'm just pressing red. Then amber: not so good. Green: I’'m ready to go. It’s a very simple way of getting that
message over quickly, and if you build that up over a series of days, it then gives you a rough idea of how a person
might be ticking.” (P17, family caregiver)
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Digital interfaces and accountability: Importance of usability and purpose

The participants reported varying levels of engagement and confidence with technology from only using their television,
to navigating the internet and using various apps on multiple personal devices. Their relationship with any device was
directly related to their sense of self-efficacy or control, and hence their ability to use it to their advantage rather than feel
overwhelmed by it. This theme, therefore, follows from the first that highlights a need for a digital intervention to respect
rather than threaten the user’s independence and sense of autonomy, to a focus on the user perception of the device as
useable with clear purpose.

Even the participants who described themselves as insecure about technology had some sort of device that they used
on a regular basis, and they were comfortable with these tasks because of their familiarity with the specific interface and
ability to achieve their related goal (self-efficacy). Whether that was finding the right channel, completing an online shop,
or checking the weather, they seemed to feel in control of these tasks rather than vice versa. When applications became
too intrusive (too many notifications), or changed too frequently (too many updates), participants reported frustration and
disengagement. Likewise, participants tended to feel anxious about and avoid situations where they struggled to navigate
the system or go back if they pressed a button in error.

“No, I'm just a bit worried about anything that has any tech in it! | press a button, and that’s why | don’t do banking
online, because | press a button, and everything disappears sometimes, so | think, where’s it all gone?” (P6, female,
68, frailty score 3, lives with and cares for spouse)

“Oh, | don’t touch it. | don’t touch it because | just worried if | touch it, | might do something wrong.” (P14, female, 82,
frailty score 2, lives with spouse)

Even the most insecure participants were open to learning new systems, but were not always used to having adequate
tech support available to spend the time to explain the device. Likewise, some participants noticed a decline in capabil-
ities, either due to technology evolving, or due to cognitive changes, so ongoing support to maintain their longer-term
relationship with technology would be critical.

“it's just got so complicated. I've forgotten it. It's just so soul-destroying, in a way. That's why I'm very aware | don’t try
anymore... The things that | used all the time, did Tesco orders, somehow have gone. | guess because | can’t deal with
the tech bit. It's very frustrating.” (P5, female, 76, frailty score 3, lives alone)

Purpose was also key to good engagement with technology. Every device interaction participants described was to
achieve a specific goal (shopping, communicating with others, playing music, taking photographs). Where there was
familiarity and self-efficacy, these functions were highly valued, “I'd be lost without my laptop” (P8, female, 73, frailty score
3, lives alone). Some participants had experience with health devices such as health monitors and pacemakers, trackers,
and panic alarms. The purpose of these devices was clear, and where there was positive experience or feedback as a
result of using them, their value increased.

“that was how | got this one [panic alarm]. | find myself now, because I've had two or three falls. Nothing too serious.
Each time now, if I'm - sometimes if I’'m going down in a lift or whatever I'm doing, and | automatically go like this
[touches her alarm] to make sure I'm wearing it. So I’'m aware now that it is very, very useful.” (P3, female, 86, frailty
score 3, lives alone)

The aspect of the technology that seemed to be the most confusing or elusive to the participants was the use of
Lidar to model the home. This technology is often used by real estate agents from smartphones using an application
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and this example was recognised by some participants, though none could comment about this in much depth. We
discussed that the application could possibly be downloaded to a smartphone belonging to them or a family member
for home assessment without the need for a visit from a healthcare practitioner, but we did not discuss how the tech-
nology operates. Participants were often familiar with home adaptations that result from home assessments, though
sometimes the benefits of home adaptations were only apparent after they had been installed “I wondered why they
put those rails in, but now I've got older, | can see why — they’re brilliant. | wouldn’t have a bath without those rails
there now, no way” (P11, female, 86, frailty score 3, lives alone). This retrospective appreciation again suggests that
the mechanisms of the assessment phase were eventually accepted as part of their care pathway, even if the process
appeared unclear at the time.

Participants interpreted the purpose of the study technology in different ways. As well as wanting it to be personalised
to them (see first theme), they needed to understand what they were meant to achieve out of it, “it's got to be very specific
to Dad and it’s got to be intuitive enough to know what are we going to get out of this?” (P13b, family caregiver). Some
participants saw it as a prescribed device to help healthcare professionals improve their diagnosis and treatment, indicat-
ing a power imbalance and adherence in response to the perceived authority of professional advice “doing what you're
told” (P1). In this way the benefit of the device to themselves was indirect, supporting the healthcare professionals first, to
improve their care second.

“I don’t think you get too many people volunteering [if told to wear it all the time], but then, if you’re not volunteering for
it, if it is part of your health programme, or what they want you to do, you would hopefully, say, oh, well, all right, if it's
going to help me, I'll do it, yes.” (P1, female, 80, frailty score 1, lives alone)

Likewise, another the benefit was seen as reducing the burden on health services in general. For example, the few
participants who were enthusiastic about the 3D modelling of the home, were motivated by their curiosity of advancing
technologies and the opportunity to take a task off the hands of overburdened health workers.

“it save the person coming in and doing that, doesn’t it?... Then if we got stuck, then we’d say, well we've tried it and
it didn’t work. Again, that side of it would help the professionals if we could do it, it's time saved and effort, isn’t it? So
we’d have a go, quite happily, wouldn’t we?” (P17a, family caregiver).

Participants who attended social fithess groups, or had experience of physiotherapy treatment related the device to
these experiences. Although personal home exercises lacked the sense of belonging and social support gained from
these groups, the importance of being active was recognised. Adherence to exercises in these situations was enhanced
by a sense of accountability to the group facilitator, and similarly, with the device idea, there was a feeling that there might
be someone monitoring their activity who would know if they did not follow the instructions.

“you do it because you know you ought to do it, and they’re going to ask. | suppose if your watch was taking your data,
you’d also do it because it was taking your data!” (P6, female, 68, frailty score 3, lives with and cares for spouse)

The idea that there was some sort of human interpretation or monitoring of the device was an essential element of
acceptability. Even though participants had not experienced continuity of care or regular in-person interactions within cur-
rent healthcare teams, the idea of this technology being automated did not always sit well, “So I'd end up being a robot?”
(P13, male, 88, frailty score 3, lives alone) and there was a strong preference not to become overly reliant on technology
at the expense of valued human interaction. That said, the possibility of constant monitoring was seen to be a realistic
improvement and provide the continuity of care that was currently lacking — as long as there was still someone on the
other end to interpret and respond to the information.

PLOS One | https://doi.org/10.137 1/journal.pone.0343371 April 6, 2026 10/21




PLO\Sﬁ\\.- One

“Well, | wouldn’t say it's a bad idea, because if it's something you’re going to wear to pick up information to let you
know, or let whoever is doing it know what is best for that person, then | wouldn’t say - that’s not a bad idea, that's a
very good idea.” (P14, female, 82, frailty score 2, lives with spouse)

There was a recognition that digital devices could reduce the burden on the stretched healthcare system, and the
intention of the device was understood. Likewise, some assumed that it might be the family caregiver who managed
the information, and appreciated their need for support. Participants who were caregivers valued the idea of anything
that might reduce the burden of their caregiving and felt reassured about an intervention designed to support safe
exercise at home, especially if it did not create another task for them to have to monitor or troubleshoot. Again, the
expectation was that the ultimate purpose of the device was as a data collection or communication tool for healthcare
professionals.

“The emphasis would be on me again, but | quite like the idea of having that layer between me and the health profes-
sional. You do, because the default is GP, because | don’t know, I'm not medical.” (P13b, family caregiver)

Personas

When designing digital interventions for clinical populations, user context is a vital consideration alongside clinical targets
[41]. Within our sample of 17 older adults self-identifying as finding it harder to move around, and scoring 1-3 out of 5

on the simple frailty questionnaire [30] we found three distinct technology user archetypes, or personas, each operating
within different contexts of technology use with unique needs in relation to the proposed technology.

Persona 1: Julia. This persona was the most common in our sample (n=9). Julia is independent and has a loose
routine revolving around her social commitments, which remains flexible. She accepts her identity as an older person, and
puts any health concerns down to the natural process of getting older. She gets herself around using public transport or
lifts from friends. Although she may have a history of falls, this does not appear to have impacted her confidence to get
around independently. Julia is enthusiastic about the idea of the technology to help healthcare practitioners provide better,
more consistent care. She imagines it would be a temporary device, worn periodically to help her healthcare professionals
with their diagnosis and treatment plans, in the same way that she has experienced using blood pressure monitors from
her doctor in the past. While this use of the device is purposeful and acceptable to her, the idea of wearing a device long
term for consistent monitoring outside of an active treatment plan was not, and the concept of being prompted to move by
a machine is seen as an insult to her independence. Fig 1 outlines Persona 1 (Julia).

Persona 2: Patrick. The persona of Patrick (n=4) is dependent on his overwhelmed, and possibly quite dominating
family caregiver. The dynamic of carer and cared-for has put a strain on their relationship, and the contrasts of speed
and ability make the limitations of the cared-for older adult more obvious. This adds to feelings of frustration and
inadequacy on the part of Patrick, and anxiety hypervigilance for his caregiver. Patrick has a history of serious health
scares and hospitalisations. He and his caregiver are anxious and worried about further decline in health, and where the
caregiver is also an older adult, there is concern that they will not be able to cope. Patrick’s caregiver often monitors and
encourages health behaviours so that he is not motivated to form habits for himself. He resists his identity as old and may
overestimate his abilities by over exerting himself while trying to do things he used to be able to. This makes his caregiver
more anxious and vigilant. There is a strong sense in this context that Patrick’s declining health is putting a burden on the
household and home adaptations designed to help him may act as a further reminder of this. Patrick and his caregiver
are interested in the technology to help relieve the caregiver or act as a reassurance of safety when they are not around.
This persona tends to be more confident with technology in general because of caregiver influence to introduce it and be
available for tech support when needed. Fig 2 outlines Persona 2 (Patrick).
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PERSONA 1: JULIA

PROFILE BIOGRAPHY MOBILITY
Gender : Female Julia lives alone and has done for several years now. She SELF-MANAGMENT
Age : 74 has several health conditions and reduced mobility, but o Ues stickoc bolley and takes
Education - High school has learned strategies for moving around independently. care when walking about
Liveswith  ° Alone She is practical and realist and accepts her challenges as o\ Debbarately paces activities
part of getting older. She has various social commitments « Has strategies for moving in
throughout the week which keeps her active, but also areas/situations which are
helps to normalise her challenges. She has a history of more challenging
falls but this does not seem to have impacted her sense of « Attends supervised exercise
independence which she values and enjoys. taseas
MOTIVATIONS TECHNOLOGY USE
* To stay independent and in her own home ) N
« Reduce her pain levels (major limitation to her * Confident with familiar tasks
mobility) such_as online shopping,
o Continuity of care from healthcare service banking _
66 o Personalised feedback on her health progression * Feels open to learning new tech
« Enjoys supervised activities in her social groups, and as '9“9 as there is support
With things like say 'Would you do dancing at home to music available
BARRIERS
o Values her independence and requires some control HEALTH/WELLBEING
over the device to protect her sense of autonomy o Chronic pain from arthritis
* Every day can be different as her routine is structured + Mobility issues impacting walking
around her social committments and standing - has a walking stick
* Easily frustrated by anything interferring with her and some grab rails in the home
independence, and would need direction from a health o Cardiovascular issues impacting
care professional for buy in and long term energy levels
engagement o lssues with grip and dexterity
< * QOften forgets or deprioritises doing her prescribed » Good social support
(P6*, female, 68 yrs old, FS3) 9 exercises « Independent
*this participant actually lives with husband and acts as his carer, so although not living alone, she has to be self-sufficient

Fig 1. Persona 1, Julia.

https://doi.org/10.1371/journal.pone.0343371.9001

Persona 3: Christine. This persona (n=4) tended to score higher on the frailty scale. Christine is lonely, she feels she
has to accept her situation and remain optimistic, taking each day as it comes. She has limited mobility, and is reliant on
others to do anything, and where she has no one, she is isolated, almost trapped, in her home. She is highly routined, every
day is the same. She is quite scared of her declining health and has lost confidence in her mobility, often describing a fear of
falling and not being able to get up. Christine uses digital devices to connect with outside world (e.g., online shopping, skype)
but needs accessible tech support provision to maintain this. She would be interested in tech that might connect her with
others as her strongest need is a sense of belonging and safety. This persona often uses a panic alarm for these purposes
and was interested in a device that could reliably guide her to move safely and reassure her, as well as incorporating some
sort of group activity or buddy system to connect with others outside of her home. Fig 3 presents Persona 3 (Christine).

Discussion

This paper explores feedback from older adults and their family caregivers on the design concept of a novel digital system
designed to support prefrail-frail older adults regain strength and stability. Rigorous analysis of transcripts, field notes, and
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PERSONA 2: PATRICK

PROFILE BIOGRAPHY MOBILITY

Gender - Male Patrick’s wife is in a care home and now he lives alone, SELF-MANAGMENT
Age : 82 but his daughter lives nearby and vthey are in touch daily. « Uses mobility aids
Education : University degree He has had serious health concerns and hospitalisations,

o Resists identity as older/

Lives with * Alone, but daughteris caregiver | but is stable now, living at home with various mobility dependent leading to

supports. He is very aware of his limitations and e i
frustrated by them as reminders of his older age and « Relies on caregiver for many
dependency. His daughter helps a lot, taking an almost ADLs

parent-like role. The contrast in speed and ability between

« Attends supervised exercise
them emphasise his limitations. Ps

classes

MOTIVATIONS TECHNOLOGY USE

» Reduce the burden on the caregiver

» To provide objective data to reassure the caregiver
without needing constant check-ins

o To collect data to improve healthcare in general (as

¢ Confident with familiar tasks
such as online shopping,
banking as caregiver is always

66 part of researchithe greater good) available for tech support when
* To provide some purpose and something to work needed
on/towards
As a purely info g, its a « For assistance with autonomous habit formation
constructive, factual ti f
Yoot : BARRIERS HEALTH/WELLBEING
today. You woukin't need to have those
ersations | t's there in front of « More motivated to help others than to help himself o History of hospitalisation for
you whether he's done it today. So yes, « Difficulties with autonomous habit formation or health issues
that would be helpful following a routine o Loss of purpose since retirement
« Impetus for uptake may be more likely to come from and loss of wife’s companionship
(P17b, wife* caregiver ) the caregiver than the older adult « Regular social contact from
» May be resigned to his physical limitations being caregiver
permanent, and may prioritise retaining the o Dependent

robustness of his mood/cognitive abilities

*where caregiver is wife, there is additional impact on relationship, and home interventions impact her directly too as they share a home

Fig 2. Persona 2, Patrick.

https://doi.org/10.1371/journal.pone.0343371.9002

diverse PPl involvement generated themes describing complexities vital for consideration in digital device design, and
three personas illustrating diverse needs within this population.

Within the themes, several tensions were noted at different levels of perception when thinking about the device. Per-
sonally, the device had to support independence while remaining physically and cognitively unintrusive or insulting a
sense of autonomous personhood; in terms of relationship with the technology itself, there had to be a sense of control
over the technology and clear purpose for it to be seen as a tool to help them achieve their needs; and more widely, par-
ticipant feedback appeared to be influenced heavily by interpersonal factors such as presence of, or relationship with, a
family caregiver. This latter concept raised unexpected motivational factors such as needing a sense of purpose, wanting
to oblige the researcher or healthcare professional’s requests, or relieving caregiver burden. These factors describe con-
textual, and ethical considerations that must be considered and prioritised when designing assistive technologies for older
adults to facilitate behaviour change, yet are often overlooked in research [42].

The focus on user context allowed for a wider scope of discourse about the device concept and importantly brought the
voices of our participants into direct conversation with the technology and intervention designers. These voices were often

PLOS One | https://doi.org/10.1371/journal.pone.0343371  April 6, 2026 13/21




PLO\Sﬁ\\.- One

PERSONA 3: CHRISTINE

|

PROFILE BIOGRAPHY MOBILITY

Gender Female Christine lives alone in her own home that she rents. Her SELF-MANAGMENT
Age - 85 tenancy has been in question but she is stable for now, o Usas mobility aids
Education - College with underlying anxiety about her future. She is often

« Has a home help that comes
once a week to clean the home
or provide other assistance

* Has a panic alarm and has
used it several times

« Moves very slowly and
carefully

Lives with - Alone* lonely and feels trapped in her home by her mobility
challenges. Every day is the same and she has to take
conscious care when moving to be safe. She has lost
confidence to leave the house and is afraid of falling as
she cannot get up. She feels embarrassed when she has
to use her panic alarm.

MOTIVATIONS TECHNOLOGY USE

o Uses technology as a means to

: ;g ;e:l::eor Ws}:)ec‘?a?‘::etact stay connected to the outside
.- stavy ok h: owrlm hon?e workd (online shopping ata
. minimum)
66 ' gedgce _her ;f)am lerEIS ahnd tftid more st_eady o Values these technologies that
« Continuity of care from healthcare service help her to keep the
.

Personalised feedback on her health progression independence she has and help

her feel safe

e up, what am | going to BABRIERS HEALTH/WELLBEING
:af"- do that, I'm going « Fear of exercising unsafely when there is no « Cannot get up from the floor if she
to stay in bed, and that's not good for you supervision - fear of falling or of doing more damage falls
than good ¢ Lack of continuity of healthcare
o Needs clear instruction to use new tech and ongoing provision
(P3, female, 86 years old, FS3) accessible tech support » Does not feel safe outside of her
o Very little confidence to move outside of her reqular home alone
movements or comfort zone o Lives within the means of her own
'Y independence

*this persona could live with a spouse who does not take on a caregiving role, leaving them alone in their health challenges

Fig 3. Persona 3, Christine.

https://doi.org/10.1371/journal.pone.0343371.9003

gently critical and challenged some of the core assumptions that had shaped the intial intervention prototypes. Crucially,
the importance of personal support alongside the technology was emphasised repeatedly and has salient implications
for critical reflection on the device design purpose. Participants expected there to be human support in several areas of
the device including 1) the introduction of the device and encouragement to maintain adherence by a healthcare prac-
titioner; 2) the provision of data reports to be fed back to a caregiver for periodic monitoring and reassurance; and 3)

the ongoing availability of technical training and support to use the device. These preferences need to be considered by
technology developers and policy makers motivated to create technological solutions aimed to reduce the burden on the
healthcare system. Additional costs of support staff and training associated with a digital health system in this population
could mean that the anticipated relief of burden to the health system actually becomes a transfer of burden to the technol-
ogy distributer or user that needs to be acknowledged and accounted for [43]. Family caregivers and health practitioners
play important roles in influencing older adults to adopt and adhere to health technologies and should collaborate in the
decision-making processes during design, but also for implementation of the device. A recent scoping review of assistive
technologies for older adults echoed some of the reciprocal motivations noted by participants in this study, namely: to
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improve their independence, reduce caregiver burden, and demonstrate commitment to rehabilitation [43]. This highlights
the important roles of relationship, altruism, and accountability, that directly impact user uptake and engagement with a
device, and stress the need to involve multiple stakeholders at all stages of the design and implementation.

There is currently a scarcity of clear design principles relating to the development of technology for home-based rehabili-
tation in older adults [44]. The Guiding Principles developed here (see Table 2) are derived from this contextual and the-
matic exploration of a diverse sample of frail older adults and focus on areas relating to design optimisation and successful
implementation. Key principles include ensuring the device has clear purpose and is adaptable to the diversity of needs
within this clinical population; any form of feedback is safe, relevant, useful and rewarding to multiple users; and ongoing
technical support is provided to mitigate changes in self-efficacy with device interaction. These align with recent design
principles developed by Schlieter et al. (2024) for home-based “virtual coach” rehabilitation devices targeting neurological
and cardiovascular diseases [44], and add further key details to support successful implementation of such a device by

Table 2. Guiding Principles.

User context Key design objective Intervention design features and implementation
or design principle strategies
Acceptability: » To meet the diverse » The device must not be physically invasive or challenging
Participants expressed various preferences for the design of physical and cognitive to put on or wear for long periods. E.g., elasticated straps,
the technology to be acceptable to them: needs of the target lightweight sensors, and accessible feedback (visual and
» Concerns around wearable sensors centred around comfort user population audio options)
and ease of use. Particularly non-cumbersome, and easy « To clarify purpose and | » The aims and objectives of the device need to be clear
to put on considering lack of strength, dexterity, flexibility, eye- | manage user expecta- to the older adult wearer as well as the caregiver or
sight, and issues with proprioception. tions of the device healthcare provider supporting its use — focus should be
» Some participants were reluctant for their movements to on enhancing the therapeutic alliance rather than moti-
be dictated by a machine. PPI group also emphasised the vating individual behaviour change for general health and
importance of technology to support person-centred care and wellbeing. Key outcomes could be codesigned to maximise
not replace it. relevance to the different user groups and can include
« Participants valued technology that had clear purpose. measures of adherence as well as clinical changes.
Additional considerations from the literature: » Through collaboration with target users with codesign
* Privacy: scrutinising what data is being collected and who has methodologies, key design features should be targeted
access to it [45,46]. towards key motivators to use (see below), including
« Stigmatisation: such as prescribing exercises that are incom- options to select from as some exercises will be more
patible with user identity [47]. appealing or appropriate for different people and cultures
« Safety: concerns among older adults about unsupervised » Data management needs to be explicitly stated and con-
exercise and fear of falling [47—49]; and resilient health care sented to prior to use.
approaches highlight the need to anticipate risk using a « Safety of the device implementation and use within for-
proactive systems approach which aligns with national health malised healthcare practice requires a human factors and
service patient safety standards [50,51]; human factors and ergonomics approach to frailty management to include the
ergonomics principles embedded into system design can device, home environment and the older adult and carer
improve patient safety [52] using tools such as human reliabil- users as part of that wider system with additional safety
ity analysis [53] considerations. Use of the Systems Engineering Initiative
« Financial costs of the device [49] for Patient Safety (SEIPS) model recommended [54].
* Trust: skepticism about device functionality [46] » Safety measures need to be built into the system for
« Acceptability is lower where perceived added value is low [46] early warning of potential issues with clear instructions
» Automation may help with longer term use and acceptability where adjustments or follow up by healthcare professional
[46] is needed. Safe use of the device needs to be explic-
» Behavioural enhancement has been recommended as an itly stated to manage expectations around safety and
outcome measure rather than specific frailty measures to functionality.
focus on intervention adherence in addition to clinical out- » Where patient risk is identified, continuous improvement of
come measures since behaviour change has been associ- safety should be enabled by assisting incident investigation
ated with long term changes, and traditional frailty measures through data collected and stored in the device

can be inconsistent [27] There should be some level of personal override to control
or limit assessment and feedback, with the option to main-
tain fully automated settings if preferable. These settings
should also include accessibility preferences for audio/

visual differences.

(Continued)
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Table 2. (Continued)

User context

Key design objective
or design principle

Intervention design features and implementation
strategies

Motivations for uptake:

Participants indicated various reasons why they would be inter-

ested in a technology to monitor and encourage movements:

« To improve their ability to move around independently and do
the activities that are meaningful to them

* To improve their sense of safety moving independently.

« To improve the care they were receiving (through timely feed-
back, continuity of monitoring, and objective data collection).

* For personalised feedback on health status (this was also
important to family caregivers).

* To reduce the burden on those helping them (on a personal
and system level).

* To oblige their healthcare professionals.

» Concerns about use of the device as being overly auto-
mated and losing the sense of personhood for the user, and
potentially exacerbating isolation issues, or reducing access
to in-person care

» Our members of the stakeholder group who were registered
physiotherapists and occupational therapists saw benefit in
having some objective data collection, especially for naturalis-
tic movements because these are elements that are harder to
capture in a clinical setting.

» There were concerns about oversimplification and automation
of physical assessments and the risk of losing the person-
centred quality of their work.

Additional considerations from the literature:

* It would be important to manage expectations around safety,
and it has been shown that healthcare providers play an
important role in this regard through how they present tech-
nology and it’s intended benefits [43]

» Support safe indepen-
dent movement

« Collect dynamic,
naturalistic biometric
data that is useful to a
healthcare professional

* Ensure data can be
summarised appropri-
ately for user/caregiver
review

« Clearly define scope and purpose of the device including
inclusion and exclusion criteria for health conditions to
which it could be suitable and safe

* Recommended exercises are adapted to the personal
needs of the user according to biometric feedback.

« Allow for feedback messaging to the wearer to reassure or
alert to safe/unsafe movements.

« Alerts for unsafe movements trigger messaging to regis-
tered HCP or caregiver.

* Option for periodic (weekly/monthly) summaries of
adherence and progress (including number of concerning
events)

» Co-design biometric data measurement and summaries
with physiotherapists, occupational therapists and primary
care physicians

» Co-design any safety advice accompanying the device with
diverse healthcare providers including physiotherapists,
occupational therapists, geriatricians, and primary care
physicians using a systems approach

* Provide training and support around the device functions
and limitations to any clinician involved in introducing the
device follow up so that the device can be used to enhance
and not threaten person-based assessment and treatment

Adherence to exercise:

Participants had experience of doing prescribed exercises for

rehabilitation and indicated various factors that may improve

their adherence:

« Accountability to the therapist or facilitator

» Enjoyment of exercises (especially true in a group setting)

» An immediate sense of reward and/or recognition

* Feeling supported and safe

* Being treated respectfully as a person (non-demanding,
non-patronising recommendations)

Other factors to consider for longer term adherence included:

+ Optimal timing of exercises was personal to the participant
and dependent on routine, activity levels, medication use, and
participants expressed a preference that the device should
have some intelligence to know when not to prompt them to
do an activity

« Participants felt they might want to pause adherence during
temporary changes in routine such as iliness, vacation, or
family emergency

« To support a sense of
interaction and recipro-
cal gain from using the
device

« To emphasise safety

* Incorporate principles of gamification into the design (e.g.,
goals and challenges, personalisation, rapid feedback,
visible feedback, freedom of choice, freedom to fail, and
social engagement) [55]

» The device should recognise and reward activities beyond
those it is programmed to deliver (e.g., active day walking
around the shops should count as exercise)

» The messaging of prompts needs to be co-designed to be
framed well, and likely provide options for personalisation

 Ensure a level of personalisation to the device (e.g., adjust-
ing reminder frequency, allow a range of activity to be
successful within minimum and maximum safety limits)

* Include an ability to input data (fatigue, pain, mood) would
be helpful to collect further data to inform the device to
tailor more personalised feedback timing

* Allow a test period where the device could pick up patterns
of energy levels throughout the day (with personalisable
overrides)

* There should be the ability to mute the system if unable/
unwilling to do the exercises at times.

» The prompting system should be adaptive to the person
and their context.

(Continued)
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Table 2. (Continued)

User context Key design objective Intervention design features and implementation
or design principle strategies

Technical support: « To keep the design » There needs to be accessible ongoing tech support
Participants were willing to try a new device even if they were as simple as possible « Simple non-digital (paper) instructions for device setup and
not generally confident in the digital domain. and support users to navigation should be provided including pictures for ease
« Participants valued technology that were easy to use so that use the device for their | of set up and use

they felt in control of the tech rather than vice versa needs » System updates should be as infrequent as possible, with
» Some participants noticed a decline in ability to use some waring provided, and the option to postpone

devices or applications that they were previously familiar with * Notifications should be limited as much as possible to

(due to updates or cognitive changes) safety alerts and prompts to exercise only
» Confidence and variety of tech use was often associated

with having a relative or friend who could support them when

needed
« Confidence to use technology was impacted by frequent

notifications or updates

https://doi.org/10.1371/journal.pone.0343371.t002

highlighting the importance of communicating purpose and safety, and providing ongoing technical support as essential
components for user uptake and sustained use. Future work should build on the guiding principles laid out in this study, by
iteratively testing and developing the prototype technology and design features with diverse users in different contexts.

Given the complexity and loose definition of frailty in research and clinical practice, it is a challenging subject to
address, and our data illustrates this well. Our participants were selected based on their self-reported challenges with
mobility. These were revealed to be influenced by various factors including pain, loneliness, fear of falling, depression,
comorbidities, and lack of strength and stability that may require different clinical approaches. Likewise, as seen in the
three personas, each participant was influenced heavily by their immediate social envelope with key influences such as
housing security, loneliness, financial concerns, proximity of family members, relationship to caregivers or clinicians, social
engagements, faith-based community groups, cultural groups, and gender norms resulting in very different scenarios that
resulted in quite different interpretations of the technology as it was described to them. In terms of behavioural intervention
design, the fundamental elements of target problem (frailty) and target population (frail older adults) are problematically
obscure and ill-defined forming an insecure foundation for successful intervention design [56]. These complexities suggest
that for a device to be feasible, and acceptable to users, rather than designing for the needs of the older adult, which can
be so varied, it should be tailored as a support tool for specific data most applicable and relevant to a healthcare profes-
sional alongside normal care, thereby adding value to the existing relationship and quality and efficiency of care provided
— which ultimately was the key priority of the older adults in this study. Future iterations of this device will learn from the
older adult user data generated in this study to focus on narrowing and defining the scope and purpose of the device
in close collaboration with healthcare practitioners working in this area, and moving towards a more systems design
approach extending routine care into the home [57]. As with the development of any continuous home health monitoring
system, ongoing and careful considerations should also be made for ethical data security and privacy implications of
ensuring “privacy by design” [58], including suitable consent processes [59].

This study has several limitations related to the population being studied that should be noted for future studies.
Researchers noted a social desirability bias in some of the conversations that required skillful interview techniques to build
rapport emphasising that the study was interested in criticism as well as agreement, and to ensure open questioning and
prompting throughout. This may have been more relevant where interviews were conducted with the older adult and family
caregiver at the same time, though conducting the interviews in this way was necessary for pragmatism and the comfort of
the participants. Secondly, it was a challenge to describe a digital concept to older adults who may be more digitally naive
and PPl engagement was critical to assist in creating a lay standardised summary of the device design. Thirdly, participant
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sampling was purposive, and although some diversity was achieved in terms of ethnicity, age and frailty score, we would
aim to include more cultural diversity in future studies as we noted the saliency of contextual and relationship factors in
the feedback. Finally, it was noted that the frailty score used on screening (the simple frailty questionnaire [30]) did not
necessarily align with the observed level of frailty upon interview (some participants appeared more frail than the frailty
score suggested), and it may be relevant to adapt the screening questionnaire further to meet the needs of a particular
study. It was challenging to recruit people with lower levels of frailty, and this could be an issue with self-identification and
there is a potential argument to recruit via health services using clinical prefrailty indicators in the future.

Conclusion

This paper explores older adults and their family caregivers’ perceptions of the design concept of a novel digital system
designed to support prefrail-frail older adults regain strength and stability. Participants were generally enthusiastic about
the idea of using the novel device alongside regular care and could see potential benefits to their own health and health
service/caregiver burden. Participant feedback is presented thematically drawing out tensions between the desire to
support independence while potentially threatening autonomy, and unpicking motivations to use a rehabilitation device.
Diversity of context is shown in three personas generated from the data evidencing very different needs and perspectives
of the device concept within the sample. A consistently noted requirement across contexts, was for technical support that
needs to be easily accessible and available long-term to help older adults maintain a sense of control or self-efficacy
over the device as it evolves and accounting for potential cognitive decline over time. These key influencing factors to
device uptake and engagement have been included in a set of Guiding Principles with potential intervention elements to
help overcome these needs including clarification of purpose, supporting safe adherence to prescribed movements, and
ensuring relevant data capture and feedback to older adult users, caregivers and overseeing healthcare professionals.
These guidelines can be used to help future development of this device, and others in this area, to improve the usability,
acceptability, and long-term engagement necessary for the intended improved health outcomes. A systems approach to
device development is recommended, shifting the focus from older adult behaviour change towards enhancing current
care pathways the and patient-provider therapeutic alliance.
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