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Abstract

Background: Wearable devices can diagnose, monitor, and manage neurological disorders such as Parkinson disease. With a
growing number of wearable devices, it is no longer a case of whether a wearable device can measure Parkinson disease motor
symptoms, but rather which features suit the user. Concurrent with continued device development, it is important to generate
insights on the nuanced needs of the user in the modern era of wearable device capabilities.

Objective: This study aims to understand the views and needs of people with Parkinson disease regarding wearable devices for
disease monitoring and management.

Methods: This study used a mixed method parallel design, wherein survey and focus groups were concurrently conducted with
people living with Parkinson disease in Munster, Ireland. Surveys and focus group schedules were devel oped with input from
people with Parkinson disease. The survey included questions about technology use, wearable device knowledge, and Likert
items about potential device features and capabilities. The focus group participants were purposively sampled for variation in
age (all were aged >50 years) and sex. The discussions concerned user priorities, perceived benefits of wearable devices, and
preferred features. Simple descriptive statistics represented the survey data. The focus groups analyzed common themes using a
qualitative thematic approach. The survey and focus group analyses occurred separately, and results were evaluated using a
narrative approach.

Results. Overall, 32 surveys were completed by individuals with Parkinson disease. Four semistructured focus groups were
held with 24 people with Parkinson disease. Overall, the participants were positive about wearable devices and their perceived
benefits in the management of symptoms, especially those of motor dexterity. Wearable devices should demonstrate clinical
usefulness and be user-friendly and comfortable. Participants tended to see wearable devices mainly in providing datafor health
care professionals rather than providing feedback for themselves, although thiswas also important. Barriers to use included poor
hand function, average technology confidence, and potential costs. It was felt that wearable device design that considered the
user would ensure better compliance and adoption.
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Conclusions: Wearable devices that allow remote monitoring and assessment could improve health care access for patients
living remotely or are unable to travel. COVID-19 has increased the use of remotely delivered health care; therefore, future
integration of technol ogy with health care will be crucial. Wearabl e device designers should be aware of the variability in Parkinson
disease symptoms and the unique needs of users. Special consideration should be given to Parkinson disease—related health
barriers and the users' confidence with technology. In this context, a user-centered design approach that includes people with
Parkinson disease in the design of technology will likely be rewarded with improved user engagement and the adoption of and

compliance with wearable devices, potentially leading to more accurate disease management, including self-management.

(IMIR Form Res 2022;6(1):€27418) doi: 10.2196/27418
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Introduction

Background

Parkinson disease is a progressive, chronic neurodegenerative
disorder. The disease is characterized by motor symptoms
including tremor, rigidity, bradykinesia, dyskinesia, and
nonmotor symptoms such as cognitive impairment, fatigue, and
pain [1,2]. Globally, Parkinson disease is the second most
common neurodegenerative disease, affecting >6 million people
worldwide [3], with an estimated prevalence of 1% in people
aged =60 years and 2% in people aged =80 years [4]. As the
median ageincreasesin many countries, so doesthe prevalence
of Parkinson disease [3]. This increased prevalence carries a
personal and societal burden, with an estimated cost to society
of US $22,800 per patient, per year [5].

Owing to the heterogeneity and complexity of Parkinson disease
features, its clinical assessment may be challenging, relying on
sporadic, subjective clinician assessment and self-eval uation of
symptoms by patients [6]. Symptom diaries can be onerous to
complete, whereasinfrequent clinical examinations offer limited
insight into the day-to-day symptom fluctuations[7]. In contrast,
wearable devices can collect continuous, accurate, and objective
dataover aprolonged period. They quantify motor fluctuations,
collect key data during critical events (eg, whether dramatic
motor decline is due to bradykinesia or hypotension), and
continuously monitor motor symptoms [8]. Wearable devices
have been used to identify and quantify bradykinesia[9], tremor
[10], postural sway [11], motor fluctuations[12], and dyskinesia
[13]. They have also been used to measure gait [14], sleep
disorders [15], falls [16], and physical activity levels [17]. On
the basis of the deliberations of the International Parkinson and
Movement Disorders Society Task Force on Technology, Espay
et al [8] summarized how technol ogy-based objective measures
may decrease clinical visits, engage patientsin their own care,
and close the loop between clinicians and their patients.

Previous research has identified the general research priorities
for people with Parkinson disease, including improving motor
and nonmotor symptoms, mental health i ssues, medication side
effects, interventions specific to Parkinson disease, better
monitoring systems, and quality health care [18-20]. People
with Parkinson disease have aready expressed their desire for
wearable devices to capture data on a range of symptoms and
lifestyle factors. They want the technology to capture data on
bradykinesia, tremor, balance, gait, sleep, and cognition [21].
Design interface, usability, and accuracy are important aspects,

https://formative.jmir.org/2022/1/e27418

and people with Parkinson disease want an unobtrusive design
[22-25]. They want to understand which data are collected
before, during, and after monitoring. In addition, they want to
be assured that the information gathered is worthwhile and
clinically relevant to them and that it captures Parkinson disease
symptom fluctuations[25]. Additional desirablefeaturesinclude
speciaized Parkinson disease functions, such as real-time
detection of motor fluctuations and medication prompts [26].
The importance of interactive communication and feedback
between the devices, patients, and health care professionalsis
evident [25]. Although many older adults embrace technol ogy,
people aged >65 years generally use fewer new technologies
and use them less frequently [27]. Older adults use technology
for emailing, web-based searching, and web-based shopping,
but less so for connected health [28]. Older adults with ability
limitations appear to use technology even less frequently [29].
Similarly, poor confidencein handling new technology has been
highlighted as an area of concern for people with Parkinson
disease; therefore, wearable devices should be easy to learn and
use[23].

Objectives

The aforementioned feedback was derived from a variety of
study designs. To our knowledge, much of the previousresearch
in this area has used surveys to solicit feedback from people
with Parkinson on specific devices only [22,24,30] or included
the views of people with Parkinson disease alongside other
populations such as people with epilepsy [25]. With agrowing
number of wearable devices onthe market, itisno longer simply
a case of whether a wearable device can measure Parkinson
disease motor symptoms but rather of which features best suit
the user's needs. Previous research has outlined the motor
symptoms that awearable device should measure[21], and the
latest devices can accurately measure these [31]. Thus,
concurrent with continued device development, we must
generate insights on the nuanced needs of the user inthe modern
era of wearable device capabilities.

As part of a larger European study on wearable devices for
remote rehabilitation of older people (SENDOC [ Smart Sensor
Devices for Rehabilitation and Connected Health]), we aim to
explore, using a mixed method approach, the views and needs
of people with Parkinson disease who are aged =50 years,
regarding wearabl e devices for monitoring, treatment decisions,
and care-planning.
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Methods

Study Design

This study used amixed method parallel design, wherein surveys
and focus groups were concurrently conducted with people with
Parkinson disease in Munster, Ireland. There have been callsin
the technological literature to use a mixed method approach to
produce meaningful understanding when studying complex
contexts[32]. Thisapproach isquite novel in Parkinson disease
wearable device research, where previous mixed method studies
have mainly focused on disparate populations or on specific
devices only. A mixed method approach combines the
advantages of quantitative and qualitative methodologies,
enabling the collection of rich datathat reflect the participants
perspectives and ensures that the study findings are rooted in
their experience [33]. Qualitative research methods are well
suited to examine user needs and may offer explanations for
unexpected or anomalous findings in quantitative data [34] or
uncover usability barriers that quantitative approaches often
miss.

Members of alocal branch of the Parkinson’s Association of
Ireland (PAI) formed part of the research team and guided the
study design and advised on patient recruitment. These advisers
consisted of 2 people with Parkinson disease and a caregiver of
a person with Parkinson disease. The advisory group helped
identify and prioritize the research questions and shaped the
data collection tools. They also assisted in the recruitment of
participants for the focus groups and the distributed surveys.
Upon completion of the research, the advisers guided the
researchers on how best to disseminate the results to people
affected by Parkinson disease.

Participants

The inclusion criteria for the survey and focus groups were as
follows: age =50 years and a diagnosis of Parkinson disease.
The focus group participants were selected using a criterion
theoretical sampling strategy to satisfy the following criteria:
inclusion of different age categories (50-60 years, 61-70 years,
71-80 years, >80 years) and the inclusion of men and women.

Participants were excluded if they had significant
communication deficits. Ethical approval was aobtained from
the Clinical Research Ethics Committee of the University
College, Cork.

Participants were recruited through local branches of PAI, a
not-for-profit advocacy and support group, with researchers or
PAI research volunteers attending local branch meetings to
inform the attendees (people with Parkinson disease and their
families). Those expressing interest were given an information
sheet about the study, and a copy of the survey which was to
be returned later to the PAI branch if desired.

Survey

The survey consisted of structured questionsin 2 parts. Part A
included 8 items including gender, age, experience with
technology, and knowledge of wearable devices. Part B
contained 18 Likert itemsthat probed the importance of certain
wearable device features across 4 thematic categories.

https://formative.jmir.org/2022/1/e27418
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wearability, user interface, wearer feedback, and clinical
accuracy. This survey was closely based on the survey by
Bergmann and McGregor [35], with 5 items unchanged, 8 with
minor wording changes to improve understanding, and 5 new
or substituted items based on the advisory group’s feedback.
These included the device being rechargeable, sending aerts,
and giving the user ownership of their own health care (see
Multimedia Appendix 1 for the full survey, mapped to the
original Bergmann survey). The 10-point Likert response format
from Bergmann's survey was converted to a5-point Likert scale
to makeit easier for older participantsto complete. Items were
thus presented as strongly agree, agree, neutral, disagree, and
strongly disagree. By completing the anonymous survey and
returning it to the PAI branch, participants gave their consent
to participate (signed consent would have removed anonymity).

Focus Groups

Focus groupstook placeinlocal community spaces throughout
Munster, Ireland. Written informed consent was obtained from
all the patients in advance.

The semistructured topic guide questions explored the priorities
of peoplewith Parkinson diseasein everyday life; the usefulness
of wearable devices, their perceived benefits, and the barriers
to use; and the usability and important design features.

Initial drafts of the topic guide were based on existing literature
and the purpose of the study. These were iteratively reviewed
by the advisory group and the researchers together in terms of
the content, focus, and relevance to people with Parkinson
disease (see Multimedia Appendix 2 for the final focus group
schedule). The focus group guide was used to ensure that all
topics were covered, but the groups were informa and
interactive to obtain as many insights as possible, lasting from
50 to 70 minutes. During the focus group, participants were
shown examples of awearable smart watch and aglove device.
However, the participants did not try on or take these devices
totheir homes. They were used astoolsto demonstrate examples
of wearabl e technology to encourage discussion.

Data Analysis

Simple descriptive statistics were used to represent the datafor
the Likert items in part B of the survey. Given that the
participants rated all statements positively (no one selected
disagree or strongly disagreefor any Likert items), the datahave
been presented as the ratio between the categories of neutral,
agree, and strongly agree responses. A higher proportion of
strongly agree responses for an item indicated its importance
to the participants. No statistical tests were conducted because
of the positive skew of the Likert statements and theinvalidated
status of this survey tool. In part A of the survey, Fisher exact
test and the Wilcoxon signed rank test were used to test the
difference between men and women for each survey response.

The focus groups were audiotaped and transcribed. Transcripts
were analyzed for common themes using a qualitative thematic
approach [36]. A lead researcher (highly familiar with this
approach) used open coding to collect datafrom the participants
views. The coding scheme combined an inductive and deductive
process, where codes were assigned as appropriate; however,
the researcher aso deductively decided how these codes fitted
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with the categories of the survey (ie, wearability, user interface,
wearer feedback, and clinical accuracy). Transcript data were
broken down into discrete excerpts, labeled, and described, with
the coding remaining tentative and subject to change as it
continued in subsegquent rounds. A second researcher (SF)
reviewed a sample of the transcripts and codes, and both
researchers established an agreement on the final codes. Codes
were then grouped into provisional subthemes and themes, and
key phrases were later assigned according to their content.
Themeswere designated on the foundation that they echoed the
patterns of participant responsesin the transcript data and were
significant to our research question [36], that is, what are the
views and needs of people with Parkinson disease regarding
wearable devices for monitoring, treatment decisions, and
care-planning?

The survey and focus groups were conducted concurrently and
analyzed separately. The results were integrated through
narrative, where the qualitative and quantitative results were
described and woven together on atheme-by-theme basis[37].
Findings from each type of data confirmed the results of the
other type and provided similar conclusions, which increased
their reliability [38]. This representation procedure ensured
coherent data integration and alowed a fuller depiction of the
views and needs of people with Parkinson disease regarding
wearable devices [39].

https://formative.jmir.org/2022/1/e27418
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Results

Participants

The people with Parkinson who attended the meetings, and
hence participated in the surveys and focus groups, were
typically at Hoehn and Yahr stage 1 to 3 (informal impression
from a Parkinson disease expert, ST, from attendance at a
meeting). There were 32 surveys completed by people with
Parkinson disease. Of the respondents, 56% (18/32) were male
and 44% (14/32) were female, ranging in age from 50 to 83
years, with amedian age of 68 years. The response rate was not
captured because the surveys were disseminated by a PAI
member volunteer who distributed surveys to group members
who had attended meetings over a period of 6 months. The PAI
volunteer reported that, to their recollection, every dyad who
attended the meetings completed the survey, with no refusals,
and that most people with Parkinson disease completed the
survey aone and some completed it with their family members’
support.

Inpart A of the survey, the results of the statistical tests showed
no significant differences between males and females for any
of the responses (P>.60). The results for part A have been
presented in Table 1. For part B of the survey, statistical tests
were not performed. The results have been presented in Table
2 as apercentage selection, grouped by category.

Overdll, 4 semistructured focus groups were held with 24 people
with Parkinson disease, with 4 to 7 participants in each group.
Inall, 14 men and 10 women participated, ranging in age from
53 to 84 years with amedian age of 70.5 years.
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Table 1. Technology use among participants.

Kenny et a

All (N=32) Female (n=14) Male (n=18)
Age (years), median (range) 68 (46-83) 68.5 (46-78) 66.5 (53-83)
Current technology use, n (%)
Smartphone 18 (58) 8(57) 10 (59)
Games console 2(6) 1(7) 1(6)
Desktop computer 25 (81) 11(79) 14 (82)
Any of the above 27 (87) 12 (86) 15(83)
Other technology 2(6) 2(19) 0(0)
Missing data 1(3) 0(0) 1(6)
Self-rating of technology skills, n (%)
No skills 4(13) 2 (14) 2 (1)
Poor skills 3(9) 1(7) 2(11)
Average skills 10 (31) 5(36) 5(28)
Good skills 14 (44) 5 (36) 9 (50)
Excellent skills 1(3) 1(7) 0(0)
Missing data 0(0) 0(0) 0(0)
Freguency of technology use, n (%)
Every day 24(77) 11 (79) 13 (76)
Most days 3(10) 1(7) 2(12)
Every week 0(0) 0(0) 0(0)
Rarely 3(10) 2 (14) 1(6)
Missing data 1(3) 0(0) 1(6)
Have heard of wearable devices, n (%)
Yes 20 (65) 7 (50) 13 (76)
Missing data 1(3) 0(0) 1(6)
Have used a wear able device, n (%)
Yes 11 (35) 3(21) 8(47)
Missing data 1(3) 0(0) 1(6)
Currently using store-bought wearable device, n (%)
Yes 2(8) 1(7) 1(6)
Missing data 1(3) 0(0) 1(6)
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Table 2. Responsesto Likert statements about wearable device features and capabilities®.

Statement Strongly agree, n (%)  Agree, n (%) Neutral,n(%) Missing, n (%)

Wear ability of a medical sensing device (n=180) 116 (64) 58 (33) 6 (3) N/AP
Should be comfortable to wear® 17(53) 11(34) 2(6) 2(6)
Should be compact (light and small)® 17(53) 12(38) 1(3) 2(6)
Should be discrete® 17(53) 12(38) 1(3) 2(6)
Should be easy to attach to the body® 22 (69) 8(25) 0(0) 2(6)
Should not affect your normal daily routine® 21 (66) 8(29) 103 2(6)
Should not detach accidently® 22(69) 7(22) 1(3) 2(6)

User interface (n=90) 60 (67) 30 (33) 0(0) N/A
Should be rechargeabl e 19(59) 11(34) 0(0) 2(6)
Should be simple to operate (and maintain)® 20 (63) 10(31) 0(0) 2(6)
Should be accompanied by clear and readable instructions for use® 21 (66) 9(28) 0(0) 2(6)

Wearer feedback (n=90) 52 (58) 37 (40) 1(1) N/A
Should give instant feedback to you 17 (53) 12 (38) 1(3) 2(6)
Should send alerts to the user 20 (63) 10(31) 0(0) 2 (6)
Should provide you with alerts, that is, performance versustarget 15 (45) 15 (45) 0(0) 3(9)
(eg, step count)

Clinical accuracy (n=175) 143 (82) 32(18) 0(0) N/A
Should bereliable 24 (75) 6 (19) 0(0) 2(6)
Should increase the accuracy of current clinical assessment 24 (75) 5(16) 0(0) 3(9)
Should reduce your requirement to travel for clinical assessment 23(72) 6 (19) 0(0) 3(9)
Should form part of your clinical assessment 24 (75) 5(16) 0(0) 3(9)
Should give you a sense of ownership of your own health care 24 (75) 5(16) 0(0) 3(9)
Should work a ongside your medical careteam, instead of replacing 24 (75) 5(16) 0(0) 3(9)

them

3N o participant selected Disagree or Srongly Disagree for any Likert item.
BNI/A: not applicable.
n=30.

Survey and Focus Group Results

The first major theme below was not addressed in the survey.
For all other themes, the survey data have been first presented,
followed by the relevant subthemes from the focus group.

Living With Parkinson Disease

At the beginning of the focus group, participants shared what
they felt were important aspects of daily life for people with
Parkinson disease. The participants valued their independence
and wanted to remain independent for as long as possible:

Independence. That is my goal. Hits it on the head.
I'd love to be independent.

It's trying to live as normal a life, as close to it as
possible, and adapting where necessary and that's
the other thing, you're having to develop a whole set
of different skills.

https://formative.jmir.org/2022/1/e27418
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Parti ci pants discussed arange of different challengesthey faced
with Parkinson disease, including motor function and tremor.
They described their problems with bradykinesia and the
resulting frustration:

The slowness | find, | gets angry now and frustrated.
It takes maybe half an hour to do what | can do in
five minutes.

It takes me a long time, you know. The dogs aged
another dog year by the time I'm finished. It's that
type of thing. That's the slowing down which I've
struggled with myself.

Falls, and the risk of faling was also a common concern
expressed by the participants: “ People with Parkinson’s tend to
get fals, quitealot of falls, and meansthat basically [falls] take
them out of circulation for months.” Participants described how
normal day to day things and continuing the routine are
essential in managing the condition effectively, especialy for
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medication regimes, daily activities, exercise, and sleep. The
benefits of exercise on Parkinson disease symptomswere viewed
as an important part of maintaining health, and participants
shared personal experiences of how various exercise regimes
hel ped improve both motor and nonmotor symptoms. The group
felt that exercisereally is essential and physical activity should
be encouraged for people with Parkinson disease:

| have to maintain a certain level of activity to keep
going as in walking or some form of exercise, and
even this past week now | haven't been as consistent
or asregular and | find that I'm stiffening a little bit
first thing in the morning...I have to do it because
otherwise | won't be able to keep going or it'll slow
me down that bit more.

Sleep was suggested as another vital element for overall health
and well-being, but obtaining adegquate rest was often
challenging for the participants, as many experienced difficulty
sleeping: “If I've a bad night, I'd be completely thrown al the
next day.” The positive impact of good quality, accessible, and
timely health care was discussed. The participants highlighted
the importance of regular access to quality hedth care to
alleviate Parkinson disease symptom deterioration:

It's really important to me to see my GP and
consultant regularly. My GP is great cause she's
always linking in with the consultant to make sure
we're on the right track with medication and
treatment. As we all know it's key to get the right
support.

However, many experienced difficultiesin accessing appropriate

specialized Parkinson disease health care in Ireland, including

long waiting times to see a consultant:

It'sthe lack of the go to person, thislack of the proper
support nurse. You have your GP who doesn't seem
to understand it that well. Or that he refers you onto
your consultant who is not easily accessible. There's
that gap in the middle.

You could be waiting monthsfor an appoi ntment with
a consultant and it’s just not good enough.

It was also felt that geographic barriers existed within certain
aress.

WE're in a very black hole in this area. In fact, XX
generally is very poorly serviced...Consultants seem
to be drifting away, retiring or going to the private
sector and oh you can get good care here, but it'll
cost you. That'swhat you've got here. Generally, there
is very little and what there is a long time coming,
you know.

Technology Use

Thetechnology use of survey participants has been summarized
in Table 1. Most participants used at least one form of
technology daily and rated their skills as average or good.
However, although many participants had heard of wearable
devices, only a fraction were currently using a purchased
wearable device.

https://formative.jmir.org/2022/1/e27418
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The focus groups mirrored this, with technology use most
commonly being in the form of desktop computers and
smartphones. People used technol ogy to set personal alarmsfor
medication reminders:

The phone is handy. | set alarms. In a half an hour,
this phone will go and I’ [l know to take the tablets.

| use it [technology] for medication. | have alarms
set to take medication and it reminds me then when
to take the next dose.

Two participantsin the focus group used medical devices such
as medication-administration pumps: “I wasn't [independent]
up to five weeks ago but I am now again, with the help of a
machine, apump.” In addition to mechanical aidsin the kitchen,
such as a kettle cradle or adapted cutlery, a few participants
used technology aids for daily living, such as for writing or
typing difficulties: “1 do and | find now I'm trying to make use
of voice to text apps and voice apps from documents.” Such
technologies were considered to have improved users' lives,
and it wasfelt that health technology can be good for protecting
the well-being of older people and making just your everyday
things a little bit better and a little more comfortable.

Generally, participants saw arolefor technology; however, they
felt it should be supplementary to appropriate health care
delivery, not areplacement for it:

Personally | think quality primary services are the

first thingsto get right, then you look at what you can

do then afterwards with technology. That's what |

think anyway.
Similar to the survey respondents, participants from the focus
groups were familiar with wearable monitoring technology;
however, no participant was currently using a purchased
wearable device. Nevertheless, the participants identified that
wearabl e devices may be conceivably beneficial and acceptable
for people with Parkinson disease: “ There'sno sensethat in the
main those with Parkinson's may be technophobes that they
may not like using that technology cause many do use it often
and competently.” Participants suggested that wearable devices
may provide the opportunity to measure and monitor the
individual variability of motor and nonmotor symptoms of
Parkinson disease and could provide opportunitiesfor collecting
clinical parameters such as medication, balance, tremor, gait,
sleep, and exercise:

I'mall for technology and anything that may aid me
towalk. If there was a device that could help do that
or if there's any kind of device that through
monitoring could help meimprove, that would really
help me.

Clinical Usefulness

Clinical usefulness was the highest rated thematic category in
the survey (Table 2). Peoplewith Parkinson diseasefelt strongly
that a device should increase clinical accuracy, reduce travel,
and integrate as part of their care team. In the focus groups,
participants emphasized that technology should objectively
monitor their symptoms, and it was deemed beneficial if this
information could be relayed to their medical care team:
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Something that could monitor your symptoms perhaps
and even if there was a way that this could be sent to
your doctor or whoever. That would be helpful.

It can be hard to describe symptoms to your
consultant, so something that offers an independent
evaluation of how you are would be great.

A wearable device that captures Parkinson disease data could
provide richer health information to clinicians, which may aid
in the improved assessment of Parkinson disease:

We try and write what's happening in advance
because the clinicians time is precious, your cash is
precious cause you're paying hima fee to assess you,
and if you don’'t have the information he can't judge.
The capturing of individual health parameters would eliminate
the need for diary-based recording of symptoms, which was
believed to be problematic at times:

But | think if you got an overall, if you got to know
yourself. | writethings down at night, but at night I'm
wrecked. We all are, and you forget half of it. It would
be your individual information.
Supporting medication dosing or timing was highlighted as a
main area of focus:

I think even listening to the accounts here this
morning that patients are experiencing times when
they have inadequate medication and when they're
over medicated. And if the [device] can level that out
in some way, that would be ideal.

Some mechani sm of deter mining what your dopamine
level is in your brain. As regards telling you what
should you betaking; maybean inhaler that you could
use. Or something along those lines that you could
have a kind of monitoring of your dopaminelevel and
an appropriate response process to it. Because
sometimes, when | get a bit of heavinessin my head,
| think is| because | haven't taken enough medicine
or because I've taken too much. Like right now, I've
taken enough, but sometimes | couldn't actually say
whether or which.

Although it wasimportant for health care teams to have access
to the data, people also wanted a sense of ownership over their
own health care:

Knowledge is power. The more you know the more
you can meet it and anticipate it.

One focus group included a discussion on whether medical
professionalswould like technology that could alter the dosage
of medicines they prescribe and that this may require a change
in attitude from some health professionals:

But the way medicine is controlled in the sense the
pharmacist gives out what the prescription is. If you
were to have medication that you could adjust
accordingly that requires a completely different
mind-set and | don’t know would the professionals
go for it.
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Wearability and User Interface

Survey respondents highly rated a small, easy-to-use device
that would not interfere with their routine; they responded
strongly agree, with 64.4% (116/180) and 67% (60/90) overall
score, to the categories for wearability and user interface,
respectively (Table 2).

Thewearability and usability of wearable devicesfor Parkinson
disease similarly emerged in the focus groups, and it was felt
that wearable device design should consider the user needs to
ensure compliance and adoption. Although the size and weight
of the device were important, the esthetics of the device
appeared less significant: “I don’t care how it looks but if
something is hard to use for a person with PD then they’re not
going to use it.” Participants felt that wearable device design
should consider the complexity of Parkinson disease symptoms,
especially motor dexterity: “1 don't know if that technology can
be adapted for people with Parkinson's who have these issues
with making precise movements.” Participants also discussed
theimportance of ease of use, deviceweight, and adesign which
reflected the needs of people with Parkinson disease:

Now it would matter if it was easy to take on and off,
that sort of thing, or that it wasn't heavy or getting
in the way.

It needs to be developed...to have things that are
liveable. You don't want it bulky, you don’'t want
anything that's too small. It's got to be suitable for a
person with Parkinson’s.

In addition, aparticipant described that given Parkinson disease
variability, “technology for us needs to be multifactorial .”

Participantsfelt that although most participantsfelt comfortable
with technology, some may feel intimidated:

There are some very confident people around, but
there is clearly a large cohort of people who feel
excluded by technology. They find it a bit
impenetrable.

Designs should make allowances for a person’s possible lack
of knowledge or exposure to a specific technology. It was
discussed how some would need general guidanceto feel more
comfortable, which would also enable greater user adoption of
the device:

Another thing for me is having someone help me to
understand technology or whatever the technology
is. Like a step by step, on how to use it properly. That
way we'd all get alot more out of it.

Another possible barrier was the cost of technology; wearable
devices should not be expensive, as this may exclude some
people with Parkinson disease: “The cost of something would
beimportant cause that might mean some peopl e can get access
but others couldn’t.”

Feedback From the Device

Wearer feedback was the least highly rated category in the
survey. Most participants selected strongly agree 58% (52/90)
of the time with statements about the device providing alerts
and instant feedback (Table 2).
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Theimportance of wearabl e device feedback similarly emerged
in the focus groups, where one participant detailed how they
wanted to receive as much feedback as possible from a device
that captured their data: “...in relation to everything redly, to
the dyskinesia, to the memory, to whether I’m upright or not.”
This would not only be useful for the user but would also be
valuable for their health care team: “1 would see improvement
inthetrend or if | was getting worse and my doctor would also
seethat.” Motor symptom fluctuations resulting from medication
wearing off was seen as an important areawhere feedback from
awearable device would be useful: “ There could be things that
could help to let you know when something isescal ating, shuffle
at a particular time and you could get information on that to
feedback in terms of stuff wearing off.” In addition, prevention
and detection of fallsand feedback on balance and coordination
were highlighted:

| find with balance that's the big problem with me.
This sounds funny now but 1'd love something to tell
me what way I'm facing, you know. My head is
sideways or up or down and | kind of go sideways
when I'm walking, you know. If there's some kind of
thing that would tell you that whether you're walking
straight or not. Some kind of feedback mechanism.

Monitoring and feedback of blood pressurewas also adesirable
feature: “ The blood pressure yes because once the blood pressure
goes down that's when you could fall.” Participants suggested
that data collected could be used to activate a response or
intervention. For example, adevicethat could activate an alarm
in case of afall and automatically call for assistance would be
advantageous. “ There are certain ways it could maybe detect a
fall and send you an alarm and call somebody then you know
attached to the patient.” The automatic recording of data from
awearable device (as opposed to a user-triggered device) was
considered important: “Maybe everybody might not be so alert
that they could monitor everything so that the automatic option
would be good.” However, people would also like to have the
option to interact with or input specific information to the
wearable device, if desired:

| think there could be a stage 1 and stage 2, | suppose.
Sage 1 could just be the monitoring and stage 2
would be manipulate it.

The ability of awearable deviceto alert the person to nonmotor
symptoms, such as mood, stress, and seep, was stated as
important:

Mood, if you're getting stressed and you don't realise
it. Suddenly you're having a panic attack. Kind of like
a warning sign that you might be. | wonder can
technology look at that kind of stuff, mood, sleep and
SO on.

People were especially interested in being able to know how
their datacompared with the data of other peoplewith Parkinson
disease and the potential solidarity that it could bring through
knowing they were not alone in a certain symptom:

There are times where 1'd like to know where I'm at
on the scale, to see the measurement of where | am.
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So if you go to the nurse specialist...and you think
that you've just got something that's pertinent to you,
and only you feel it, and then she says oh yeah but
somebody else had it. Because she maybe has a
cataloguelive and suddenly you don't feel soisolated
and then you can compare it maybe...rather than you
just trying plough a lonely furrow.

Discussion

Principal Findings

This study explored the views of people with Parkinson disease
regarding wearable devices for the management of Parkinson
disease. The participants highlighted the challenges of living
with a progressive disease, difficulties accessing quality health
care, difficulty maintaining independence, and the importance
of exercise and sleep. They discussed ways in which wearable
devices could benefit their lives and the priorities for future
research.

This study suggests that wearing a device is both feasible and
acceptableto peoplewith Parkinson disease, as most participants
frequently used technology and were receptive of and familiar
with health technology. Some participants already used
medication reminders, medication-administration pumps, and
fall-detection devices. Provided a wearable device is
user-friendly, the technical skillsrequired should not be abarrier
for the current generation of people with Parkinson disease who
are older or soon to be ol der.

One of the main findings of this study is that technology was
perceived to be supplementary to appropriate health care, and
it should not replace clinician involvement. Inlinewith previous
research [25], our participants prioritized information exchange
between the patients and health care workers. Similarly, in
another study [40], people with Parkinson disease saw the use
of exergames in physiotherapy as being supplemental to
physiotherapy sessions, not as their replacement.

Notwithstanding this, and in line with previous research [8],
our study participants perceived that information from wearable
devices could provide a better understanding of Parkinson
disease and improvetheir symptoms. In addition, objective data
may allow for more accurate management of Parkinson disease;
specifically, symptom monitoring wearable devices could
replace paper symptom diaries, which our participants cited as
burdensome and limited. In line with studies by Ozanne et al
[25] and AlMahadin et al [41], assessment methods are needed
to increase the chance of effective treatment. As people with
Parkinson disease experience symptom fluctuations as the day
progresses, our participants, along with those in Ozanne et al
[25], both identified the value of instant feedback. Prompt,
real-time feedback on switch on or switch off states could help
tailor their medication doses. Warnings about stress, lack of
sleep, and falls would support their quality of life. Feedback
from wearable devices could be tailored to individual
preferences and used to trigger an intervention.

The survey demonstrated that people with Parkinson disease
are more concerned with the functionality of awearable device
than its appearance. The focus group added a more nuanced
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viewpoint—the size and weight of the device were important
but the esthetics were less significant. Other studies of people
with Parkinson disease reported similar findings, usability,
accuracy, unobtrusive design, and functionality were important
aspects of device design [24,25]. However, in the research by
Botroset a [22], participants did not feel fully at ease wearing
sensors in public, which contrasts with the results in this study
where participants reported no such issues. Nevertheless,
participants did emphasize that wearable device design needs
to consider Parkinson disease—related barriers such as poor hand
motor function that may hinder donning and doffing and device
interaction, a finding that was aso illuminated in a previous
wearable devicetrial by Fisher et a [24].

Our results demonstrated that special considerations should be
given to Parkinson disease—related health barriers, cost of
wearable devices, and user confidence with technology. The
lack of motivation to use a wearable device should not be
underestimated, as previous evidence suggests that user
preference influences utility and sustained use [35]. Although
people with Parkinson disease may have more medical needs
than other older adults, both populations are more inclined to
use a wearable device when they are motivated by the medical
benefits of the device [42]. When a wearable device offers
tangible improvements to their lives, older adults and people
with Parkinson disease may be willing to sacrifice esthetic
featuresin favor of useful device functions.

Many Parkinson disease-monitoring wearable devices exist
[31]. Although none are all-encompassing, some devices
accurately monitor certain Parkinson disease symptoms
[12,43,44]. The symptoms of Parkinson disease manifest in
various regions of the body, so it follows that the tools to
measure these symptoms must be widely located. For example,
gait speed is best measured near the center of mass, whereas
dyskinesia is best measured by a wrist-worn device [31]. Our
participants discussed theimportance of ease of use, particularly
for individual s lacking confidence in technology; consequently,
use of multiple devices may be cumbersome for these
individuals. Future designs should strive for a simple device
that can measure multiple Parkinson disease symptoms.

In the timeline of device development, our study is a useful
resourcefor theinitial blueprint stage of wearable device design.
Designers could search qualitative exploratory papers, such as
ours, for inspiration and a framework to structure their design
goals. User-centered design (UCD) is a broad philosophy that
spans methodol ogies [45] and can help ensure wearable device
usability, accessibility, affordability, and reliability, all of which
can impact the quality of interaction of older adults with
wearable devices [46]. The central tenet of UCD is end user
participation [45]. A UCD approach is particularly beneficial
when end usersrequire avariety of features, such asfor people
with Parkinson disease. UCD, especially when health care is
focused, can respond to people with Parkinson disease through
an integrative and iterative development procedure focused on
understanding the end users’ needs[47]. Many previous studies
have used focus groups and surveysto eval uate existing devices
as part of a UCD approach [48-50]. However, the participants
in these studies were confined to discussions on predetermined
devices. The variability of Parkinson disease severity,
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presentations, and symptoms means that a one-size-fits-all
approach to device design is not appropriate for this popul ation
of patients. Living with Parkinson diseaseisaunique experience
for each person, so consideration should be given to tailoring
devicestoindividual needs, or at least designing a set of devices
that can measure different symptoms.

The World Health Organization defines healthy aging as “the
process of developing and maintaining the functional ability
that enables wellbeing in older age” [51]. Individuas with
chronic conditions, such as Parkinson disease, must manage a
range of factorsthat contributeto their health. Self-management
support acknowledges this and aids people in developing the
knowledge, confidence, and skills they need to make optimal
decisions about their health [52]. However, the health and social
needs of people with Parkinson disease are often complex and
change over time, with a wide range of functional abilities,
where some individuals will maintain their independence and
others will need help with their activities of daily living.
Wearable devices will not cure Parkinson disease but they can
add value to the user’slife by supporting them asthey live with
their disease. As defined by the World Health Organization,
intrinsic capacity describes the composite of all the abilities of
individualsand how those abilities devel op over time[51]. This
can be supported by wearable devices but each user’s intrinsic
capacity will differ, and the wearable devices should also differ
in their features. For example, if a wearable device can
accurately track symptom fluctuations, the user may be able to
fine-tune their medication regime and retain more of their
intrinsic capacity. A device with multiple featureswill add value
to users, ensuring amore effective person-centered device based
on an individuad’s intrinsic capacity. Considering intrinsic
capacity may identify novel opportunities for disease
management and has the potential to help wearable device
designers better understand chronic conditions such as Parkinson
disease and to design individualized technology to improve the
health of their users.

Wearable devices that allow remote monitoring could improve
health care access for rural patients or those unable to travel,
resulting in apositiveimpact on health care outcomes and costs.
Preceding the COVD-19 pandemic, the application of telehealth
was more of an exception in health care, but the pandemic saw
rapid implementation of remote health care acrossall disciplines
[53]. Thismay continue in part after travel restrictions end, as
health care professionals and patients become more familiar
with and appreciate the advantages of telemedicine. Therefore,
the future integration of technology with health care is crucial.
Asper Fasano et al [53], the COVID-19 pandemicischallenging
the health care system to reflect on the modes of traditional
accessto care and to facilitate the remote management of people
with Parkinson disease where needed to improve patient care.
Remote care models, in which a person with Parkinson disease
is not face-to-face in a clinical setting with their health care
team, are enhanced by using wearable devices together with
communi cation-based technol ogies such as videoconferencing
[54]. Wearable devices allow remote monitoring of patient
health data, which can then be fed to a database that can be
accessed by the patient and their health care team [55]. These
data may more accurately capture the symptoms of Parkinson
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disease in daily life, which may not be reflected in controlled
clinical assessments. The pandemic motivated a notable shift
to telemedicine within the Parkinson community and in arecent
survey it was found that most respondents were satisfied with
the experience, and a near majority expressed interest in
continuing to use telemedicine after the COVID-19 outbreak
had ended [56]. Although these technologies are not new, they
are gaining greater application through the realization that
telehealth and wearable monitoring can provide comparable
and innovative levels of care[54].

Limitations

Our study is one of afew that did not confine itself to focusing
on gathering perspectives on apredetermined device and focused
solely on a Parkinson disease population. It involved a mixed
method approach to gain rich, in-depth data about the monitoring
needs, values, and preferences of people with Parkinson disease.
However, this study has several limitations. Thisisasmall study
of a geographically limited population, and the study design
may have had a positive bias in attracting participants more
familiar with technology. As participants were recruited from
the same geographic region, it is possible that someindividuals
participated in both the survey and focus groups. The survey
was anonymous and the response rate was unknown. An
unspecified number of surveys were distributed by volunteers
at PAl meetings and surveys were passively returned to the
researchers. However, the survey participants represented a
broad range of ages and were split between genders. Owing to
their positive wording, the results from the Likert items must
be interpreted with caution. They provide a sight indication
that clinical usefulnessis prioritized by people with Parkinson
disease, but thisresult does not support arigorous survey design.
Our survey design was modified from Bergmann and McGregor
[35]. However, an aternative study design, such as a discrete
choice experiment, might better elicit participant preferences
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[57]. It could be argued that the sample was relatively
homogenous as patients were recruited through a Parkinson
disease support group, which may not be representative of all
peoplewith Parkinson disease. M oreover, because of the limited
number of individuals involved, it was not possible to
differentiate by ethnicity, educationa level, background, and
digital literacy. Future studies expanding on this work should
aim to include people with Parkinson disease across a range of
backgrounds and stages of Parkinson disease and recruit from
avariety of settings.

Conclusions

This study aimed to understand the views and needs of people
with Parkinson disease regarding wearable devices for
monitoring the disease and assisting in its management. People
with Parkinson disease provided useful information about living
with the disease, their current use of technology, and the
desirable features of wearable devices, which designers and
clinicians should consider. Although the participants were
positive about wearable technology, they tended to see the use
of wearable devices more for providing data for health care
professional sthan for providing feedback for themselves. They
sacrifice esthetics for ease of use, function, and accuracy.
Barriersto using wearabl e devices include poor hand function,
average technology confidence, and potential costs. Considering
intrinsic capacity can identify opportunities for disease
management and has the potentia to help wearable device
designers better understand chronic conditions such as Parkinson
disease, and in designing individualized technol ogy to improve
the health of its users. A UCD approach that includes people
with Parkinson disease in the design of technology is likely to
be rewarded with improved user engagement and adoption of
wearable devices. This could result in better Parkinson disease
symptoms and function data, leading to more accurate Parkinson
disease management.
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