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Abstract

Background: Digital technologies such asvirtua reality (VR), humanoid robots, and digital companion pets have the potential
to provide socia and emotional enrichment for people living in aged care. However, there is currently limited knowledge about
how technologies are being used to provide enrichment, what benefits they provide, and what challenges arise when deploying
these technologies in aged care settings.

Objective: This study aims to investigate how digital technologies are being used for social and emotional enrichment in the
Australian aged care industry and identify the benefits and challenges of using technology for enrichment in aged care.

Methods: A web-based survey (N=20) was distributed among people working in the Australian aged care sector. The survey
collected information about the types of technologies being deployed and their perceived value. The survey was followed by
semistructured interviews (N=12) with aged care workers and technol ogy devel opersto investigate their experiences of deploying
technologieswith older adultsliving in aged care. Survey datawere analyzed using summary descriptive stati stics and categorizing
open-ended text responses. Interview data were analyzed using reflexive thematic analysis.

Results: The survey revealed that arange of commercial technologies, such as VR, tablet devices, and mobile phones, are being
used in aged care to support socia activities and provide entertainment. Respondents had differing views about the value of
emerging technologies, such as VR, social robots, and robot pets, but were more united in their views about the value of
videoconferencing. Interviews revealed 4 types of technology-mediated enrichment experiences: enhancing social engagement,
virtually leaving the care home, reconnecting with personal interests, and providing entertainment and distraction. Our analysis
identified 5 barriers: resource constraints, the need to select appropriate devices and apps, client challenges, limited staff and
organizational support, and family resistance.

Conclusions: This study demonstrates that technologies can be used in aged care to create personally meaningful enrichment
experiencesfor aged care clients. To maximizethe effectiveness of technol ogy-mediated enrichment, we arguethat a person-centered
care approach is crucial. Although enrichment experiences can be created using available technologies, they must be carefully
selected and co-deployed with aged care clients. However, significant changes may be required within organizations to allow
caregiversto facilitate individual technology-based activities for enrichment.

(JMIR Aging 2022;5(2):€31162) doi:10.2196/31162
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Introduction

Background

For many of the people now living into advanced old age,
opportunitiesto engagein socia, creative, or fun activities may
diminish because of mobility constraints and decreasing social
networks [1]. It can be especially challenging for those who
move into institutional care homes to stay socially connected
and engaged. Residentia care homes provide 24-hour care and
monitoring; however, they can be lonely places to live [2,3].
There may be few opportunities for aged care clients to leave
the care home to socialize or engage in activities that provide
them with joy and enrichment.

Psychosocial care, attending to people’'s needs for socia
connectedness and emotional enrichment, is an important
component of aged care service provision [4]. In Australia,
where this study was conducted, thisis provided through both
residential care, for people living in care homes, and
community-based care, for peopleliving independently. In both
types of care settings, socia enrichment is often provided
through aprogram of structured activities, which might include
group games such as bingo, exercise, and music [5,6]. Many
organizations are now incorporating technol ogy-based activities
into their socia programs. Theseinitiatives are often led by the
care organizations [7]. There is aso a large body of research
evaluating trials of technologies used for social well-being in
aged care, including robot pets for companionship and comfort
[8], socia robots for entertainment [9,10], videoconferencing
and social networking tools for communication [11], video
gamesfor playful interactions[12], and virtual reality (VR) for
reminiscence[13]. Communication technol ogies can be valuable
for expanding older adults’ social lives, helping people who are
otherwise aone feel a sense of connection with the world
[14-17].

Researchers have noted, however, that not al older adults will
gain benefit from technology-based socia interventions [18].
There must be a good fit between the technologies being used
(and the activities they are used for) and the needs of people
being supported. Achieving this alignment requires care and
attention from those responsible for introducing technology
[19,20]. In residential aged care in Austraia, this includes
lifestyle coordinators who are responsible for running activity
programs and technology vendors who are sometimes
responsible for introducing technology into aged care.

Current research on the use of emerging technologies by older
adultstypically involvestrias of specific technologies, focusing
on the health and well-being benefits for clients [8,21]. These
studies provide useful insightsinto the potential benefits of new
technologies to enrich the lives of older adults; however, they
do not provide a broader view of the issues faced during the
process of deploying new technologies in aged care. However,
past research hasidentified significant barriersto the successful
implementation of emerging technologies (eg, social robots) in
care settings [22-24], including technical problems[22], negative
preconceptions about new technology [22], and a lack of
acceptance from end users [24]. Care staff may need to invest
additional time and effort to overcome these barriers, placing

https://aging.jmir.org/2022/2/€31162
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further burdens on their aready busy schedules. This is
particularly challenging in the Australian aged care system,
whereaRoya Commission recently revealed significant neglect
partially because of underresourcing and insufficient staff
training.

Given that residential aged care is a complex and sensitive
setting, there is arisk that introducing new technologies may
cause harm. Therefore, there is a need to understand and
carefully manage the opportunities and challenges that occur
when technologies are used to support people in aged care.
Gaining an in-depth understanding of what works and does not
work will help inform future good practice in this sensitive
setting.

Objectives

This study aimsto understand how technologies are being used
to enrich the lives of older adults in aged care and identify
lessons for good practice in this area. This study focused on
understanding the experiences of people responsible for
introducing and facilitating technologies in aged care settings.
This includes those who work in aged care, such as personal
care assistants, diversional therapists, and lifestyle coordinators,
along with externa technology vendors and providers who
introduce and deploy technology in aged care.

The study focused on the following questions:

1. What technologies are being used to provide social and
emotional enrichment in aged care?

2. How do staff value the different technologies used for
enrichment in aged care?

3. What kinds of enrichment experiences are enabled when
introducing technol ogy-based activities in aged care?

4. What challenges or barriers need to be overcome when
using technologies for social and emationa enrichment in
aged care?

Methods

Ethics Approval

All procedures were approved by the University of Melbourne
Human Research Ethics Committee (ID 1851239.1). Survey
respondents read a plain language statement about the study,
which included information about the length of time required,
anonymity of responses, and data management. Respondents
had to provide consent before proceeding with the survey.
Interviewees were provided with a copy of the plain language
statement and signed a consent form before proceeding with
theinterview.

Data Collection

Overview

This study involved a web-based survey targeting aged care
staff and technology providers, comprising a combination of
Likert scale and open text responses. The survey was designed
to obtain information about the types of technol ogies being used
for enrichment in the Australian aged care system. We also
conducted semistructured interviews to gain an in-depth
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understanding of the experiences of aged care and technology
providers using technology in aged care.

Web-Based Survey

The survey was designed using the SurveyMonkey tool and
tested for length and clarity by the research team. It had 3 sets
of questions (Multimedia Appendix 1). Thefirst set of questions
asked about background information, such as the respondents’
rolein aged care. The second set asked respondents about their
own experiences of deploying technologiesin aged care using
the question, “What type of technology have you used in aged
care for socia or activity purposes?’ The question specified
social or activity purposes to guide respondents to nominate
technologies used as part of the activity programsin aged care;
that is, to provide social and emotional enrichment, in contrast
to technol ogies used to support medical care. Participants were
asked to describe the technologies and why they were using
them in free text boxes.

In the third set of questions, respondents used Likert scales
ranging from 1 (not at al valuable) to 5 (highly valuable) to
rate the perceived value of the following 6 technologies: VR,
robot pets, socia robots, social networking tools or systems,
videoconferencing tools, and digital storytelling apps. These
technologies were chosen because of considerable interest in
their use in aged care [21,25-28]. Respondents had the option
to select not applicableif they did not know enough about the
technology to make a judgment.

Waycott et a

I nterviews

A total of 12 interviews were conducted, 9 (75%) via phone or
internet and 3 (25%) in person. Interviewees were asked to
provide details about their experiences of deploying technologies
in aged care and their views on the benefits and challenges
involved in using different technologies to enrich the lives of
aged care clients (Multimedia Appendices 2 and 3). The
interviewsfocused on technol ogies used to support psychosocia
caregiving rather than those used to support instrumental care,
such as sensors for fall monitoring. All interviews were audio
recorded and then transcribed verbatim for subsequent analysis.

Participants

Survey Respondents

The survey was openly distributed to aged care and technology
providersthroughout Australiain late 2018 and republicized in
late 2019. It was distributed via the researchers’ professional
networks, notices in relevant email lists and industry
publications, and social media platforms (Twitter and Linkedin).
The survey was open (not password protected). No incentives
were offered for responding to the survey.

We received 20 complete responses to the web-based survey.
Table 1 shows the different types of aged care provided by the
respondents. Respondents worked in various roles, including
as activity coordinators and project managers, and in design
innovation, community engagement, and operational excellence.
Other respondents included nurses and consultant geriatricians
working in hospital care units as well as developers and
managers working for technology vendors.

Table 1. Web-based survey respondents: type of aged care organization (N=20).

Organization

Values, n (%)

Residential aged care
Mixed residential and home-based aged care

Hospita care units

IT?providers

9 (45)
4(20)
3(15)
4(20)

3 T: information technology.

I nterviewees

We conducted atotal of 12 interviews, and 6 (50%) interviewees
completed the survey and agreed to participate in the follow-up
interview. We contacted other potential interviewees directly
and identified them through their professional networks. We
used purposive sampling to ensure that weincluded people with
expertise in using technology for enrichment in aged care. All
the interviews were conducted between October 2018 and

https://aging.jmir.org/2022/2/€31162

December 2019. Table 2 provides more details about the
interviewees, among whom 67% (8/12) worked in aged care
facilities as care steff, lifestyle team members, or managers.
Theremaining 33% (4/12) of theintervieweeswere technology
developers and vendors responsi ble for introducing technol ogy
into aged care settings. All had the experience of introducing
new technologiesin aged carefor providing social and emotional
enrichment for aged care clients.
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Table 2. Interview participants.

Waycott et a

Pseudonym Perspective Survey completed
Alan 1T company (founder) No
Barry Care provider (service or project manager) No
Claire Care provider (pastora care) No
Del Care provider or IT (innovation manager) Yes
Eric Care provider or I T (project officer) Yes
Frank Care provider (volunteer) Yes
Graham IT company (founder) No
Helen Care provider (funding manager) Yes
lan IT company (founder) Yes
Jacquie Care provider (lifestyle manager) No
Ken Care provider (CEQ?) Yes
Larry IT company (founder) No

& T: information technology.
BCEO: chief executive officer.

Data Analysis

Quantifiable survey responses were analyzed using summary
counts and descriptive statistics. The open-ended survey
responses and interview transcripts were analyzed using
reflexive thematic analysis [29]. The data were coded by WZ
and JW using an inductive approach. WZ identified initial
themes, which included 8 themes under the benefits category
and 15 under the challenges category. These were documented
in a written report for discussion among the researchers. W
conducted the next stage of the analysis, refining and combining
thethemesto identify afinal set of 9 themes, 4 that aligned with
benefits, described below as technol ogy-mediated enrichment
experiences. The 15 challenges were recategorized into 5
overarching themes associated with key barriersto the effective
implementation of technology-based enrichment experiences
in aged care.

Results

Web-Based Survey

Types of Technologies Used

VR was the most common technology used by the survey
respondents (13/20, 65% of respondents). Other popular
technologies included computer or video games (10/20, 50%
of respondents) and social networking systems (8/20, 40% of
respondents). Commercia VR products such as Samsung Gear,
Google Daydream, HTC Vive, and Oculus VR systems had
been used for a variety of purposes, including virtual tours,
reminiscence, entertainment, pain distraction, and staff training.

https://aging.jmir.org/2022/2/€31162

Computer or video games ranged from digital card games to
exergames. Social networking tools such as Facebook were
used for social connectedness, whereas some respondents
described bespoke apps that were designed for social
connectedness.

A total of 30% (6/20) of the respondents said they were using
tablets and mobile phones, and 25% (5/20) were using CDs,
DVDs, radios, and televisions for enrichment. Tablets and
mobile phones were used for facilitating video calls through
apps, such as Skype and Facetime, and for providing older
people with personalized music, games, audiobooks, and video
browsing experiences. CDs, DVDs, radios, and televisions
provided similar functions. A survey respondent described using
a customized television that displays only old-time music,
programs, and commercials, aiming to connect peoplewith their
old memories.

A total of 25% (5/20) of the respondents used socia or
companion robotsin aged care. Theseincluded robot pets, such
as Paro, the seal and Hasbro toy animals, which were primarily
used for comfort, diversion, and entertainment purposes.

Perceived Value of Different Technologies

Figure 1 shows the percentage of survey participants who
perceived different technologies as highly valuable, valuable,
neutral, not valuable, or not at al valuable. “Not applicable”
denotes that they did not know enough about the technology to
make a judgment. Notably, VR, robot pets, and socia robots,
which could be considered the most innovative of the
technol ogieslisted, had the highest variation in perceived value.
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Figure 1. Distribution of respondents’ perceived value of different technologies. N/A: not applicable.
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At the end of this block of Likert scale ratings, respondents
were asked if they had any comments about why the
technologies listed were or were not valuable for use in aged
care. Earlier in the survey, they were asked to comment on the
benefits and challenges they had faced when using technology
in aged care. We examined these responses together to identify
the perceptions about specific technol ogies. Where respondents
comments are included below, they areidentified as S1 to S20
to indicate which survey respondent made this comment.
Regarding the use of VR, athough some respondents (6/20,
30%) found VR to be useful for virtual travel, there were also
concerns about the high cost and frequent need for
troubleshooting when using VR (3/20, 15%), the difficulty of
using it for people with dementia (2/20, 10%), potentia for
discomfort such as headache and dizziness (3/20, 30%), the
burden on staff time and need for staff training (3/20, 30%),
and perceived resistance from clients (2/20, 10%). For example,
asurvey respondent said that aclient had said, “1 don’t want to
put electricity to my head” (S18).

Some respondents (6/20, 30%) believed that robot pets could
provide beneficial outcomes for people with dementia or those
experiencing loneliness. Others expressed reservations about
their value; for example, “Some that |'ve seen have been a bit
spooky and border on child-like toys’ (survey respondent [
8) and “[They] arejust anovelty and gimmick long term asthey
do not foster real person-to-personal connection” (S13). Social
robots that talk and provide entertainment [10] were valued for
their potential to address socia isolation but were also seen to
lack real person-to-person connection (S13). A respondent

https://aging.jmir.org/2022/2/€31162
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noted that commercial smart speakers could provide similar
benefits and were preferable over specialized robots:

At the moment, Google Home and Alexa can give
some of the same benefits (company, feedback) that
a social robot could. | think the social robot would
have to offer something significantly enhanced in
order to differentiateit. [S8]

Videoconferencing tools received the most positive perceived
value: out of 20, atotal of 17 (85%) believed them to be valuable
or highly valuable and 1 (5%) respondent expressed concern
that it was difficult for clients with severe dementia to use
videoconferencing tools, even with the help of staff. Similarly,
we noticed a positive perception of valuesfor social networking
toolsand digital storytelling apps. One respondent commented
that social networking tools are useful for “allowing elders to
connect with remote family members in dynamic and rich
ways,” and other apps, for example, audio books and screen
readers, are valuable “for those who cannot physically read
words in abook, or even physically turn pages’ (S13).

Interviews

Technology-Mediated Enrichment Experiences

A thematic analysis of interview data identified four kinds of
technology-mediated enrichment experiences: (1) enhancing
social engagement, (2) virtualy leaving the care home, (3)
reconnecting with personal interests, and (4) providing
entertainment and distraction.
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Enhancing Social Engagement

Many interviewees discussed the socia benefits that technology
could provide for aged care clients. In particular,
videoconferencing tools connect people living in residential
aged care with loved ones who may not be able to visit them
regularly. Claire captured the power of this connection:

| remember one lady who's actually just turned 101
last week. Sheisin Sydney while her daughter isin
Melbourne. We had the iPad and did the Skype calls
with her daughter. It's so beautiful when they say
goodbye to each other. She gets the iPad, and she
kisses the iPad, and goes “ love you [kiss]” It is so
beautiful to seethat interaction and for the daughter.
She'sjust so happy. [Claire]
In addition to one-on-one communication, videoconferencing
tools enabled clients to participate in family events. Claire
shared another compelling example: a client who was afamily
matriarch who had always previously been involved in family
events was devastated to learn that she was not attending her
grandson’s wedding. In response, Claire suggested that they
use Skype to “bring the wedding to you here” This example
shows the care and creativity required to create a meaningful
connection for a person living in aged care:

Over the following three months we prepared this
whol e gathering where we would Skype the wedding,
bring it here, and she agreed that all of the residents
would be invited to the wedding...So we set up the
whole place as a high tea, and we skyped in and...it
wasreally really beautiful and then after the wedding
was finished we turned it off...\\e then reminisced.
Everybody started talking about wedding experiences,
their own weddings, other people’s wedding, while
we had this lovely high tea. [Claire€]

This story by Claire illustrates how technologies can be used
to not only connect residents to the outside world but also
facilitate conversation within the care home, suggesting that
technology-mediated connections can provide multiple social
benefits.  Other  interviewees described how  some
technology-mediated activities provided talking points; clients
would share their personal experiences with caregivers, family
members, or other residents after taking part in a new activity.
This was particularly apparent for interviewees who used VR
to enable clients to virtualy travel to new places or revisit
childhood hometowns:

VR has an ability to open up the mind in a way like
nothing else |’ ve seen. When [ the headset] comes off,
| then go back and have them share their memories
of that place. It might be their brothers, their sisters,
their parents, where they went to school, where they
played, what it was like growing up, and they start to
share the stories of their life. And they may go from
a very dormant non-communicative state to actually
having a full-on conversation for the first timein a
long time. And that really helps the connection with
familiesas well. [Frank]

Interviewees emphasized that technologies should serve as a
medium for promoting social interactions among people rather
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than as a stand-in for social interaction. Technologies such as
socia robots or smart speakers could potentialy engage in
conversationswith users, thereby appearing to address people’s
experience of loneliness and isolation. However, interviewees
were generally not supportive of this concept, preferring to use
technology that connected people to each other rather than to a
device. When asked to describe what the ideal technology for
older adults would look like, Alan said the following:

It would involve interacting with people rather than
with an artificial intelligence, but it might have an
artificial intelligenceinit. I think it would be an active
thing that involves the older adult having to do
something...doing something important as distinct
from just being entertained...Something meaningful.
And ideally with people.
Similarly, Claire said the following:

When we talk about having robots in care [and] all
these games and stuff, that's all very well but it will
never ever be the same in terms of meaning making
[and] connection...They don't want to be shoved in
a corner somewhere and think it'sall over. It's about
staying connected. So whatever it takesto keep people
connected, that's what we do. That's what the
technology is good for.

L eaving the Care Home

Using technology to connect residents to the outside world
provided benefits beyond social engagement. Interviewees
described instancesin which using new technol ogies gave clients
something to look forward to, helped them access places they
had been to in the past or would like to visit, and opened their
world to new experiences. Immersive VR was particularly useful
in realizing this benefit:

Wehad alady who wasinthe[ VR] session. Shedidn't
speak any English. And she was 99 years old. And
she loved it. She was at a stage where probably
everyonetold her you're never going to go anywhere,
see anywhere again. So the idea of them being
immersed in places like the Aurora Borealis, Egypt
or the Middle East, the States. The world that just
opened for that had been closed off. [Larry]

The interviewees shared examples of using other tools such as
YouTube or Google Earth to help residents stay connected with
the outside world. Claire shared 1 example in which she helped
aresident to go home using technology. Through this process,
shegained opportunitiesfor conversation, which helped dleviate
her client’s distress:

| was asked to see her and shewas crying and crying,
just inconsolable, and...she kept on saying “ | wanna
go home, | wanna go home...” And | actually thought,
“what am | going to do?” | do a lot of bereavement
counselling and | thought, “ oh, this is going to be
really hard” And | said to her, “tell me, where do
you live? What's your address?” And all | had was
my phone. | put her on my phone on Google Earth,
onsatelliteview. | said, “ Let’shave alook where you
live" and suddenly the place came up and she stopped
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crying! And she sat up and said, “ No, my place has
changed. We painted the garage door, and we
chopped that tree down!” So obviously the photo was
a little bit out of date, and it prompted this amazing
conversation. [Claire]
A key constraint for people living in residential aged care is
that they may have few opportunities to experience life outside
the care home. For Barry, being able to be transported to another
place would be an ideal way for technologies to provide
enrichment:

If we could have something that could “ beam me up

scotty” and take themto placesthat they have enjoyed

in the past, that would be a technology that residents

and people would certainly enjoy.
Furthermore, within a care home, peopl€e’s lives may be overly
controlled and structured. Offering new experiences and the
chanceto virtually leavethe care home could provide an antidote
to the lack of control people have when living in residential
care homes. For Del, the greatest benefit that technologies
provide is “the ability to bring a different experience...it adds
to a culture of greater flexibility rather than control or
paternalism.”

Reconnecting With Personal I nterests

I nterviewees spoke at |ength about the value of using technology
to connect peoplein aged care with their personal interests and
passions. They noted that this benefit was evident when
deploying technology one on one compared with conducting
group activities. Interviewees shared stories about using VR or
YouTube videos to help aged care clients rediscover their
personal interests:

| had the privilege of working with a guy who was
turning 100. Hewasa car fanatic. When asked about
hisdream, he said, “ | would love to have beenin one
of the leading car categories in the world;,” and he
said “ but today | would love to be able to sit in a
Formula 1 race car” So | went onto VR, | found a
Formula 1 race car, | put the goggles on him, and he
did a lap at the track in Germany, hollering at the
top of hisvoice, whooping and hollering, having such
aball. And it’'s something that he still talks about with
his family, because he got to live a dream. [Frank]

This story further emphasizes the unique capability of VR to
provide a sense of being transported to atime or place outside
of the care home. It also highlights how a joyful experience
emerged, because the activity was designed to respond to the
client’s past interests. This opportunity to realize a long-held
dream appeared to create a sense of elation, which may have
been momentary but would neverthel ess have been valuable for
an aged care client who may normally have few opportunities
to experience such joy in his day-to-day life.

Another interviewee who ran a technology company that
introduced information technology (IT) solutionsfor aged care
described how it was important to identify people’s personal
interests to find opportunities to use technology in meaningful
ways. The interviewee described a client who was able to
reconnect with past interests by watching YouTube videos:
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There was a gentleman that’d been part of this Isle
of Man race, a motorbike race in the 50s or 60s. \\e
quickly went to YouTube, found the race, and the guy
was ableto re-live that race. And that’s not complex,
but it takes conversation and trying to understand
what'’s possible. Some people areinterested in games,
some people are interested in learning. Some people
are just interested in photos of the people they love,
or Facetime or Zoom or whatever. [ Graham]

When asked about the ideal technology-based enrichment
activity in aged care, Del pointed out the need to offer arange
of experiencesto cater to individua client needs:

It would be a smorgashord. There would be a range
of things for people to interact with...Choice and
agency isreally important, so your ability to choose
a range of scenes, your ability to choose a range of
experiences...

Providing Entertainment and Distraction

In addition to providing joy by reconnecting residents to their
personal interests, technology-based activities also provided
genera entertainment and distraction. This was considered
particularly valuable for those living with dementia, with
technology-based activities distracting clients from the
psychological and behavioral symptoms of dementia, including
agitation, distress, and wandering. Thisbenefit was particularly
apparent when using robot pets and VR. For example, an
interviewee noted the utility of Paro, the seal, a therapeutic
robot, for calming and entertaining residents:

I think the benefits of the PARO seal, it gives that
response, and it keeps residents happy, and if they
wander it actually settlesthem down and calmsthem
down. They couldn't stop her [one resident]
wandering, but you give her the Seal and it just calms
her down, and you get that complete, I'll say peace
of mind that you don't have to worry that she's off
trying to get out of the building. [Ken]
For Helen, technology had the potential to help manage some
of the more challenging behaviors associated with dementia,
including violence. She noted that music, in particular, could
be calming and that aged care homes should provide pleasant
activitiesto give people joy and comfort at the end of life:

Wouldn’t you want something nice and bright and
something around you when, you know, it's the end
of your life? And probably music is - anything with
music is so calming and soothing for anybody,
whether you're young or old. So that sort of thiscould
be helpful in the technology side. [Helen]

Even simple activities, such asusing an iPad to provide personal
accessto television programs, could give people an opportunity
to escape discomfort. Eric shared an unusua example:

WEe've been using Shapchat with residents as an
activity. They really enjoy playing with the Shapchat
filters and seeing what they can do...They're just
taking photos with the iPad with Shapchat on it and
sharing it around the facility. [Eric]
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This example showsthat there can be valuein using technology
for playfulness and entertainment in aged care. Theinterviews
demonstrated that technology-based activities can provide
numerous ways of enriching the lives of older adults in aged
care. Using technology effectively in aged care, however,
involves managing many challenges and overcoming barriers,
as discussed next.

Barriersto Technology-Mediated Enrichment

Our analysis identified five key challenges and barriers
encountered by interviewees when introducing technologiesfor
enrichment in aged care settings: (1) resource constraints, (2)
selecting appropriate devices and apps, (3) client challenges,
(4) limited organizational and staff support, and (5) resistance
from families.

Resource Constraints

Participants described a range of constraints that limited their
deployment of technologies in aged care, including funding,
staff numbers, and workload. Financial constraints associated
with business decision-making specifically affect the
procurement of technology products and upkeep costs.
According to Alan, aged care organizations focus on the
following:

By and large [they are] focused on their profit and
loss statements regardl ess of whether they're for profit
or non-profit organisations. You know there's this
kind of concept that non-profits are...trying to do
things for love which is sometimes true but mostly
they have budgets too and people who work there
want to get paid. So the technologies that I've seen
getting introduced into aged care environments mostly
only work if they're actually improving the bottom
line of the organisation.

An interviewee commented on the disparity among regions,
noting that aged care organizations in regional areas struggled
more with funding issues, which led to difficultiesin providing
the infrastructure to support technology use in aged care:

City facilities are going to have more than what
country facilities have. The sad part about being in
the country is you're a forgotten race really
and...you're not big enough to receive all the funding
for it, to be able to do this [provide WiFi] for your
residents. [Helen]

Larry who runs a technology-based activity program for aged
care organi zations noted the tight budgets of aged care activities
programs, which meant it was difficult for them to afford the
technology programs his company provides:

I'm not privy to their budgets but in the activity side
of things, | think that the people in those teams work
very hard to engage a lot of people on a tight budget,
so that can be a constraint.

Constraints on staff time were especially problematic in
facilitating individual technology-based activities. In aged care
homes, group activities are often prioritized over one-on-one
activities[6]. Frank, who volunteered in aged care homes, noted
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that these group activities rarely catered to individual interests
and needs:

The organisation has a calendar and it is activities
everyday. For instance this morning there is a bus
trip that some of them have gone on and thereisalso
an activity where someonewill come around and play
old Italian songs to them. That's the limit of
stimulation that they get in a day and it’ salways done
in a group context. One-on-one interaction does not
happen. They tend to be herded into groups to do
activities. Someone sitting down and actually
spending one on onetimeis very very rare.

Thefocus on group activities meant that single-user technologies
such as VR were sometimes difficult to implement. As noted
above, intervieweesfound VR to be avaluable way of providing
enrichment in aged care, as it enabled clients to leave the care
home and reconnect with past interests. However, using VR in
aged care requires careful facilitation and one-on-one support,
which is time-consuming for staff who would normally run
group activities:

Inregard to VRit...does take a bit of one on onetime
with each customer for themto be able to useit. It's
hard to run that asa group activity becauseit’sreally
focused on one person at a time. [Eric]

A further challengeisthat staff needed timeto not only facilitate
activities but also learn how to use the technology. This meant
that there was an opportunity for external organizations to
provide services that aged care staff may not have the time or
skillsto deliver themselves:

In an aged care environment, it's a bit harder | think
than in independent living space. In care we are
finding that there’'s so many demands on their time,
and the traditional roles they’ ve had have been more
clinical, a bit more care. They're great with the
emotional side of things, but the skills, the tech skills,
we're having to upskill in that a lot. [Graham]

And the other thingisthat | think there's great benefits
in an external person delivering the service because
we've got expertise in how to do that and use the
technology, whereas the people in the lifestyle team
may be squeezed for time, and | don't know what
training they've had with this. [Larry]

A Need to Select Appropriate Devicesand Apps

Many participants used commercially available products,
including VR headsets, Skype, and Google Earth. However,
these technologies were not designed specifically for older
people. Interviewees noted that their designs did not always
accommodate the needs of older adults, sometimes creating
negative user experiences. Alan noted that a lack of inclusion
of older adults in the design and development process led to
products of limited value for people in aged care:

Some products aren’t useful because they don’t work
very well. There are two reasons, one is they're
targeting a problem that no one has, or they might
be targeting an important problem, but they're not
well implemented. People are not following
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established development techniques and involving
older adults into the development as much as they
should be. [Alan]

The content and apps used also needed to be carefully selected
to meet the needs of individual clients. Selecting content that
did not connect the client with their persona interests could
potentially discourage clients or lead to alack of interest in the
activity. Barry noted that it was not possible to implement a
one-size-fits-all approach when choosing technology-based
activities to enrich the lives of individual residents:

Our residents have such a vast variety of likes,
didlikes, and there’'s so many different factors that
come into play as far as that sort of thing is
concerned. I'm not sure that there is just one thing
that we could put in place that is going to be
technology is going to make their day more enriched
or anything like that. [Barry]

Client Challenges

Interviewees spoke of the challengesfaced by aged care clients
when using new technologies. In some cases, these challenges
were attributed to a lack of familiarity with using technology.
In others, interviewees noted that technology deployment could
be challenging because of frailty and cognitive decline,
especialy in residential care settings:

| don’t think the technology isthe barrier, | think the
barrier is the change in residential care. You know
20 years ago our average age of a resident was
probably about 75. And that person was scooting
about, helping cook meals, do some cleaning and
assisting around the place. People are now starting
to stay home a lot longer. And...once they come into
residential aged care, they're there simply because
they're at a point where they can't look after
themselves...They come in [to aged care] because of
issues with dementia or incontinence or things like
that. They can't look after themselves or use their
hands and their eye sight is going so therefore they
can't cook for themselves or clean themselves so
therefore using interactive technology becomesalittle
bit more difficult. [Barry]

The interviewees also expressed concerns that the sensory
experience of VR may not be appropriate for people with
dementia. Barry commented that VR can displace people, noting
that care is required when introducing such an immersive
experience. In line with this observation, Jacquie said that the
care home she worked in introduced a VR program in a staged
approach:

We decided to first trial residents who still had quite
good cognitive ability...But to not necessarily use it
straight away on residents living with dementia
because it might be a bit too much for them in the
beginning. [Interviewer: Why do you think it is too
much for people with dementia?]. | think the sensory
experience. [Jacqui€]

For Claire, a further challenge is that clients could experience

strong emotional responses when using technology for
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communication and reminiscence. Although this was often a
positive aspect of using technology, there were concerns about
the risk of retraumatizing clients by “going back to a place or
something that might have [a bad] memory.” This concern was
not limited to reminiscence activities but extended to situations
in which technology was used to facilitate communication with
loved ones, which could sometimes be upsetting for clients.
Claire carefully monitored these activities:

One time | had an experience where this lady...she
wasin her late 80s and she had a daughter who was
only 60, who devel oped early-onset dementia. So her
daughter was in a nursing home and she was in a
nursing home. Her daughter was really bad in
comparison to thislady, she was quite advanced...So
we used to Skype because she wanted to see her
daughter because she couldn’t physically see her...My
resident on my side, she got very upset seeing her
daughter all the time and she kept saying “it's not
fair..” | actually said to her, “ Look, wouldn't you
rather not do this?” and she said “look, despite it
being so difficult | do want to do this because | just
want to make sure she’s alright” [Claire]

For Claire, this example emphasized how important it was for
staff membersto be highly skilled in facilitating communication
activitiesfor clients. The skillsrequired extended beyond being
able to help clients use technology:

If you don’t really understand deep listening and good
communication and be able to listen to that and be
open to the emotional and spiritual work which the
meaning making needs | think you could in some ways
do harm. [Claire€]

Using technology for enrichment then required considerable
practical and emotional support, usually provided by care staff
and volunteers.

Limited Organizational and Staff Support

Interviewees noted that it was crucial to have organizational
support, especialy support from care staff. Frank, a volunteer
who conducted individual VR sessionswith aged careresidents,
said that alack of staff support was a significant challenge for
him:
The biggest challenge | get is pushback from staff.
They havetheir day planned out for thisresident. And
quite frankly if they can get a resident into [ a group]
activity it makes their life easier. They are ignorant
of the benefit of this sort of stuff. [Frank]

In many cases, technol ogieswereincorporated into the activities
program offered in residential care homes, and staff running
these programs needed to have the skills, capacity, and
willingness to use technology. Eric, a technology service
provider, said the following:

Praobably the biggest challenge is getting a routine
around an activities calendar...The VR headset
especially, they are a bit fiddly to use at the moment
S0 it takes someone with a bit of specialist knowledge
to set it up and have it working in a way that the
residents can use it, and because it can be a bit
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difficult it doesn’t always get incorporated into the
activities schedule. [Eric]

lan, also an IT service provider, noted similar constraints that
affected his program:

The demographics of people that generally work in
aged care did struggle with technology too. Even
iPads. \We were pretty early on introducing iPads in
the organisation and in terms of lifestyle and
entertainment type activities. But staff, they struggled
with them. Some of them were flat out scared with it,
and even just the organisation and support from
management were not necessarily there. [lan]

lan went on to say that there was an “overall inability” within
aged care organizationsto “do what other people would take as
everyday bread and butter IT.” Del suggested that there needed
to be a*“cultural shift” within organizations, including support
from “middle management,” to ensure that technologies were
included in the activities program and incorporated into routine
care work. Similarly, Graham, a technology provider, noted
that “on the ground” support was crucial. Participants claimed
that the success of a technology program typically depended
on the staff at each aged care home:

The on the ground part is so critical because it can
either succeed or fail on that..Basically they
[management] can make a decision across a group
- so we' ve got one provider that we work closely with
and they're rolling it out across six of ther
homes...From a head office [perspective], they' ve
said“ yes, wearerolling out,” but then based on each
siteit isso dependent on the make up of the staff there
and turnover as well. [Graham]

Resistance From Families

In addition to support from staff and management within aged
care organizations, interviewees noted that family support was
also crucial. Resistance from family members created abarrier
that madeit difficult for some technol ogiesto be accepted within
the aged care setting and limited the benefits the technologies
could provide. In the case of robot pets and VR, interviewees
noted that family members sometimes saw these as toys or
games that were inappropriate for their loved ones:

We've looked at things like the furry seal and so on,
but...haven't had the acceptance by residents and |
don’t think it’' s the residents so much, | thinkit’sbeen
the family rejection of the things - family members
saying, “ oh you know my mumor my dadisn’'t a child
anymore why are you giving them these toys to play
with?” Which is sad...but that's something that we
have found. [Barry]

Occasionally [achallenge] wasfamily membersdidn't
want their loved one to be involved in it. | think that
was also that sort of fear thing. “ Why would | want
my mother playing with a seal?” Or “ she doesn't need
tolook at virtual reality” | think they were scared of
the technol ogy. [Ken]

In the case of using video calls to connect older people with
their family and friends, the connection could only be
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established with the active participation of family members. In
some cases, interviewees observed that although clients were
eager to connect with their families, it was not always possible
to establish this connection:

| think video calls are as good as anything in
connecting people, but you've got to get both sides
happy with it, which iswhy I'mgetting frustrated with
my client that | want to get connected to his daughter,
but | just can't get her phone number...\Whether
there's a family feud there, | don’t know. [Ken]

A lack of family support was not a universal challenge. Other
interviewees  described  positive  experiences,  with
technology-based activities sometimes providing new
opportunities for family members to connect with those living
in aged care or learn new things about their loved ones’ lives.
However, when family members were not engaged in the
programs or when they actively disapproved of the decision to
use certain technologies, this created tension that could prevent
the ongoing use of technology for enrichment in aged care.

Discussion

Principal Findings

This study aimed to understand how technologies are used to
enrich thelives of peopleliving in aged care and identify lessons
for good practice in this area in the future. The survey and
interview findings provideinsightsinto the types of technologies
being used in the Australian aged care sector before the advent
of the COVID-19 pandemic. These included VR,
videoconferencing, and entertainment tools such as YouTube.
In terms of perceived value, there were mixed responses for the
emerging technologies of VR, robot pets, and social robots.
Others such as videoconferencing were viewed more favorably.

Despite mixed views about its perceived value, VR was the
most common technology used by our respondents. Thisfinding
aligns with the growing research interest in the use of VR in
aged care [13,25,30-33]. Studies have demonstrated that VR
can bevaluable asacaming tool for peoplewith dementia[21],
as atool to support reminiscence in aged care [13], and as a
way for people with dementia to enjoy experiences such as
attending a concert [34]. Conversely, recent studies have
identified usability issues for residents [13,30] and highlighted
challengesfor staff inimplementing VR in aged care [31]. This
tension between benefits and challenges was evident in our
interviews. On the one hand, we heard compelling stories about
theuse of VR for virtual travel and reminiscence. On the other
hand, interviewees were cautious about the challenges of using
VR with aged care clients who are often frail and may
experience confusion when confronted with the immersive
sensory experiences offered by VR.

Notably, our participants were mostly using off-the-shelf or
commercialy available technology rather than bespoke apps.
For example, videoconferencing provided social connections,
tabl ets and maobile phones provided entertainment, and YouTube
and Google Earth provided an easy way to revisit places and
connect with past interests. This contrasts with many previous
studies eval uating the use of technologiesin aged care settings,
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which have focused on systems designed specifically for use
in a particular aged care context [35-37]. Numerous studies
have reported evaluations of robot pets, such as Paro, the seal
[28], and other social robots designed to provide companionship
or lead social activitiesin aged care [10]. Given this extensive
research, it issurprising that of the 20 survey respondents, only
5 (25%) said they had used social or companion robots, and
there were limited discussions about robots in the interviews.

Our analysis of interviewees stories identified 4 kinds of
enrichment experiences or social and emotional benefits for
clients. Participants described using arange of technol ogiesthat
enhanced clients’ social engagement, enabled clients to leave
the care home, provided opportunitiesto reconnect with personal
interests, and provided entertainment and distraction. All of
these involved providing personally meaningful and individual
experiences. One of the key constraints of residential aged care
is that it can be difficult to provide residents with choice and
agency over the activities they are involved in [3]. When used
effectively, technol ogy-based activities could help address this
need, thereby enhancing agency and control for people living
in aged care [33]. However, this may be difficult to achievein
practice. Our findings show that to use technology effectively,
care and technology providers need to overcome many
challenges, including resource constraints, selecting appropriate
devices and apps, client challenges, limited organizational and
staff support, and resistance from families.

L essons for Deploying Technology for Enrichment in
Aged Care

Our interview findings paint a picture of the sociotechnical
context that needs to be considered when introducing new
technologies into aged care settings, including personal,
technological, and socia or organizational issues [18]. In the
next section, we discuss 3 lessons that can be distilled from our
findings, each aligned with an element of this sociotechnical
context.

Lesson 1: A Person-Centered Care Approach IsCrucial

To create meaningful enrichment experiences, a person-centered
careapproachiscrucial. Aged care activities are often designed
in aone-size-fits-all model. However, our findings suggest that
technology-mediated enrichment activities work best when
designed to cater to individual interests and needs. By tailoring
activitiesto meet the needs of individual clients, our participants
were able to elicit moments of joy, such as the “whooping and
hollering,” which Frank witnessed when he introduced a client
to the Formula 1 VR experience.

Notably, our participants spent considerable time getting to
know individual clients and understand their needs before
introducing technology. For instance, the Formula 1 activity
wasonly introduced after Frank asked the client what hisdreams
were. Another interviewee, Graham, said that providing
personalized connection requires conversation with clients about
what they need. Claire also observed that it was crucial for
caregivers to listen to and talk with clients to choose
technology-based activities that provided personal enrichment.

In addition to meeting individual needs, interviewees were
careful to consider their clients' physical and cognitive health
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when making decisions about introducing technology to
individual clients. For instance, interviewees were cautious
about introducing technology to aged care residents who were
frail or had advanced dementia, conditions that contribute to
the complexity of residential aged care [38]. This caution
highlights the gatekeeping role that care providers can havein
choosing who will experience atechnol ogy-based activity [19].
Gatekeeping can be viewed as a paternalistic approach to care
and therefore conflicts with the goal of providing aged care
clients with agency and control. However, it may be required
to ensure that the technol ogies provide benefits and do not cause
harm. Indeed, understanding an individual’s needs and
preferences means knowing when a technology-based activity
may not be the best solution [18]. Adopting a person-centered
care approach then means accepting that a one-size-fits-all
approach is not suitable when deploying technology for
enrichment in aged care, despite the efficiency challenges this
creates in an organizational setting.

Lesson 2: Enrichment Experiences Can Be Created
Using Available Technologies, but They Need to Be
Carefully Selected and Co-Deployed With Aged Care
Clients

Building on the need for a person-centered approach, our
findings suggest a need for co-deployment of technologies in
the care settings in which they are used. We use the term
co-deployment to refer to collaboration between providers and
users when choosing to use, or deploy, particular technologies.
Thisis similar to, but moves beyond, the notion of co-design.
A study by Wherton et al [39] used the term co-deployment to
refer to “the mutual shaping of technologies ‘in-use’,” arguing
that “older people, their carers, service providersand technology
designers must be able to work together to shape technologies
and services over time”

Our findings suggest that in residential care settings,
co-deployment starts with choosing to introduce technologies
that align with peopl€e’s needs, interests, and values. It may not
be necessary to design bespoke technol ogiesto meet these needs;
instead, caregivers can use available technologies to design
technology-mediated enrichment experiences. Asnoted earlier,
many of the experiences our interviewees described were
enabled by the use of commercially available technol ogies rather
than bespoke tool s or technol ogies specifically designed for use
in aged care. Therefore, our findings suggest that thereisawide
array of commercially availabletools and appsthat can be used
to provide socia and emotional enrichment in aged care settings.
However, thesetools need to be carefully selected and deployed
asthey are not usually designed with aged care clientsin mind
and may not always meet their needs.

Furthermore, our participants noted that some technologies,
despite being designed for usein aged care, may not align with
peopl €' svalues or address peopl €' s needs for social connection.
They were critical of the artificial intelligence devices being
used as digital companions, refuting the notion that a
conversational agent might provide companionship. Thisisin
contrast to some of the recent research on the use of voice
assistants and robot devices that suggests they can provide a
sense of companionship [40]. However, recent research also
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notesthat older adultsfind the concept of digital companionship
to beathreat to their sense of dignity; theideaof having arobot
pet in the future can be quite confronting [41]. Thisalignswith
our survey responses. Aswith VR, respondents expressed mixed
views about the perceived value of robot petsand social robots.
The comments indicated that respondents believed these
technologies did not align with human values. They were seen,
for instance, to be spooky and child-like and were not seen to
foster real personal connections. Despite these comments,
however, other research has shown that robot pets, such as Paro,
can bring joy and provide a sense of calm for people with
dementia [8,42,43]. Indeed, one of our interviewees made a
similar observation about Paro, noting its value in providing
distraction and reducing agitation.

These divergent views and experiences again emphasize that a
one-size-fits-all approach may not be appropriate. Some
technology-based activities will work well with some clients
because there is a careful match between the person’s values,
interests, and needs and the activity being introduced. However,
the same technology or activity may not work effectively for
others. For instance, the technology may be too difficult or
uncomfortable to use for someonewhoisfrail, it might support
an activity that is not of interest to the person (eg, a robot that
leadsagame of bingo will not appeal to some people), or it may
be experienced as demeaning. This points to the need both for
a person-centered care approach (lesson 1) and a collaborative
process of co-deploying technologiesthat are carefully selected
fromthe array of tools available to meet the needs of individual
clients.

Lesson 3: TheOrganizational Context Can BeaBarrier
to Effectively Using I ndividual Technology-Based
Activitiesin Psychosocial Care

Many of the chalenges and barriers identified by our
intervieweeswere related to the social or organizational context
in which the technologies were being used. Aged care is a
complex setting, particularly residential care, where clientsare
often frail and highly dependent on care [38]. In Australia, the
context in which this study was conducted, aged care has been
under scrutiny, with aRoyal Commission recently highlighting
significant neglect, underresourcing, and poor staff-client ratios
[44].

This aligns with our interviewees observations about the
challenges of implementing new technology-based activities
when care dotaff have limited time and resources.
Technology-based activities require staff timeto learn new skills
and introduce activities with care and attention to the needs of
individua residents. Resource constraints al so affect the funding
available to purchase and maintain new technologies, which
require significant investment, especially when deployed at a
scale for use with multiple clients in a residential facility.
Technologies date quickly and may need to be updated or
replaced regularly. They also require communication
infrastructure, such aswireless networks. Previousresearch has
shown that this can be a barrier; athough Wi-Fi is taken for
granted in many organizationstoday, it may still be unavailable
in some aged care homes[20]. Similarly, one of our interviewees
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noted that I T skillstaken for granted in other organi zations may
be absent in the aged care workforce.

Another important element of the organizational context isthe
norms and routines embedded in an aged care home, with many
homes providing afull calendar of organized events on adaily
basis[2,45]. These are often group activities. Previousresearch
has shown that staff consider group activities to be a more
efficient use of their time than one-on-one activities [5]. This
creates asignificant barrier for the use of technologies, such as
VR and videoconferencing, which typically require one-on-one
facilitation by a care provider. Other technol ogies, such asrobot
pets, have been used extensively in group settings[8]. However,
our study showed divergent views on the value of robots in
providing social and emotional enrichment in aged care.

One potential solution to these challenges is to establish a
network of volunteerswho can work on aone-on-one basiswith
aged care clients. Such volunteers, however, need to be well
supported by staff and management within the care home.
Another solutionisto use external consultants and organizations
that specialize in introducing technology into aged care homes.
Some of the interviewees were IT providers from these
organizations. Although external consultants may fill an IT
skillsgap in aged care, thereis aneed for caution to ensure that
such external providers are fully aware of the needs and
concerns of aged care clients. Our research showed that
combining care and technology requires sensitivity and expertise
across multiple domains.

Limitations and Future Work

First, our study had a small sample size. In particular, we
received only 20 responses to our survey, which limits the
generalizability of our findings. However, aged care workers
are a hard-to-reach group, and those who use technology for
client enrichment have specialized expertise. Given the focus
on this expertise, a small sample size may be sufficient to
provide information power [46], especially for in-depth
qualitative research.

Second, we focused only on the Australian aged care sector.
Care programs in other countries may make use of technology
in ways not covered by this study or may have other kinds of
constraints not mentioned by our sample. Future work with
other samples should be conducted to confirm and extend our
findings.

Third, thisstudy did not include the perspectives of older adults
themselves or their family members. Previous research has
focused on the views and experiences of older adults and family
members in evaluation studies of technologies in use in aged
care[13,33,35]. Inthis study, however, we aimed to gain abetter
understanding of staff experience. In aged care settings,
technology-based activities are often facilitated by staff
members. Their perspectives and experiences can, therefore, be
valuable for understanding what works and does not work well
when introducing technology for enrichment in aged care.
However, future research in this area should consider the
perspectives of all stakeholders, including older adults, family
members, and people working in aged care.
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Finally, the data for this study were collected before the onset
of the COVID-19 pandemic. The use of technology islikely to
have expanded following the COVID-19 pandemic, given that
aged care homesworldwide had to introduce videoconferencing
for family visits and consultations by health specialists [47].
Restrictions brought in to curb the spread of the virus left many
older people in aged care more isolated than before [48,49].
This is likely to have increased the need for technologies to
maintain socia connections. During the COV1D-19 pandemic,
it has become essential for aged care organizations to use
videoconferencing to enable their clients to stay connected to
family members and friends [50]. However, it is uncertain
whether aged care organizations were prepared to rapidly
introduce technology to meet their clients' social needs during
the COVID-19 pandemic. Future work should study the
experiences of technology providers during the pandemic to
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explorewhat has changed and whether new kinds of technology
use have emerged in response to societal restrictions.

Conclusions

This study showed that a person-centered care approach is
required to create personally meaningful and enriching
technology-mediated activities in aged care. Although arange
of technologies is available, they need to be co-deployed in
response to individual needs and interests. However, this
requires considerable one-on-one attention and care from staff
and volunteers who facilitate the activities, which, given the
resource constraints in the aged care sector, may become a
barrier to ongoing use. To successfully deploy technologiesfor
enrichment in aged care, significant changes may be required
within the aged care sector and within organizations to allow
caregivers to facilitate individual technology-based activities
to create meaningful enrichment experiences for clients.
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Abstract

Background: Many older adults prefer to remain in their own homes for aslong as possible. However, there are still questions
surrounding how best to ensure that an individual can cope with autonomous living. Technological monitoring systems are an
attractive solution; however, there is disagreement regarding activities of daily living (ADL) and the optimal technologies that
should be used to monitor them.

Objective: Thisstudy aimed to understand older adults’ perceptions of important ADL and the types of technol ogies they would
be willing to use within their own homes.

Methods: Semistructured interviews were conducted on the web with 32 UK adults, divided equally into ayounger group (aged
55-69 years) and an older group (=70 years).

Results: Both groups agreed that ADL related to personal hygiene and feeding were the most important and highlighted the
value of socializing. The older group considered severa activitiesto be moreimportant than their younger counterparts, including
stair use and foot care. The older group had less existing knowledge of monitoring technology but was more willing to accept
wearabl e sensors than the younger group. The younger group preferred sensors placed within the home but highlighted that they
would not have them until they felt that daily life was becoming a struggle.

Conclusions: Overall, technological monitoring systemswere perceived as an acceptable method for monitoring ADL. However,
developers and carers must be aware that individuals may express differences in their willingness to engage with certain types
of technology depending on their age and circumstances.

(IMIR Aging 2022;5(2):€33714) doi:10.2196/33714
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Introduction

Background

The global population of people aged =60 yearsis projected to
increaseto >2 billion by 2050 [1]. In the United Kingdom alone,
one-quarter of the population is expected to be aged =65 years
by 2050 [2]. Although modern medical care hasfacilitated this
rise in life expectancy, it has also increased the length of time
that individuals are likely to require long-term care [3]. Often,
the systemsin place to provide this care are poorly equipped to
do so in an effective manner [4]. A potential solution to this
may be to create smart environments that support older adults
ability to live independently in their own homes, which would
reduce the need for care homefacilitiesand allow them to focus
on those with the most severe difficulties [5]. Moreover, many
older adults prefer to remain in their own homesfor aslong as
possible [6]. To determine their suitability for home care, if
needed, an individua is assessed on their activities of daily
living (ADL) performance[7].

ADL are any of the activities that are fundamental for an
individual to live independently [8]; for example, feeding,
washing, and mobility. Several scales and methods can be used
to assess ADL function, including avariety of activitiesranging
from the very basic to more complex activities (instrumental
ADL [iADL]) [9]. One of the key scales that is often used
because of its inclusion of both basic ADL and iADL is the
Groningen Activity Restriction Scale (GARS) [10]. However,
it has been proposed that these scales may lack accuracy and
objectivity; therefore, technological solutions have been
proposed as alternative methods for assessing ADL [9]. It has
been suggested that encouraging the use of monitoring
technology may help to maintain the levels of autonomy [11],
allow older adults to acknowledge their own needs in terms of
assistance [3], and help caregivers to provide interventions or
assistance at the most appropriate time or at asuitable level for
theindividual [12].

Despite their potential, many older adults are unaware of the
existence of monitoring technology; therefore, they are seldom
used [11]. Monitoring technologies can typically be divided
into 2 broad categories.

«  Wearable sensorsare sensorswith some physical attachment
to a person, such as awrist-worn device [9].

«  Environmental sensors are sensors placed around the home
with which a person does not necessarily need to have any
direct interaction but which will monitor activity within a
room, such as a motion sensor [9].

Of those who are aware of the technology, there is often a
reluctance to embrace it, which may be because of diminished
openness to new experiences or feelings that the technology
may be too advanced for their abilities [13]. However, few
studies have focused on older adults perceptions of the
monitoring technology; therefore, the reasons for their limited
useremain unclear. A comprehensive study of technology aimed
at assisting older adults in their own homes, which included
some monitoring technology [11], found that although
technology may offer some solutions, it isnot yet well-integrated
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into thedaily care of older adultsand isless accepted, especially
among older adults (aged =65 years). These findings are echoed
by Berridge and Fox [14], who found that adult children were
morewilling to usetechnology than their older parents, although
older adults were able to comprehend their use. A review of
fall-monitoring technology [ 13] noted that older adults approach
technology differently than their younger counterparts but are
showing increasing rates of adoption. Therefore, continually
guestioning the utility and acceptance of new technologies
remains relevant [11].

In the studies by both Berridge and Wetle [14] and Verloo et
al [11], the older adults were aready in need of some form of
home care, which implies that they were in a state of decline.
Theaim of many specific ADL monitoring systemsisto identify
individuals before they reach this stage [9]. Therefore, thereis
a need to understand the perceptions of both younger older
adults—those who are less likely to require assistance at the
time of installation—and older older adults who may already
be experiencing some form of physical or cognitive decline. It
is anticipated that by engaging with older adults and
understanding their perspectives on the activities that they
consider important to live, aswell astheir opinionson thetypes
of technologies that can monitor them, future developmentsin
this area will be better accepted by the older adults who they
aim to help.

Objectives

This study aimed to understand the perceptions of both younger
older adults (aged 55-69 years) and older older adults (=70
years) related to ADL monitoring technology and the activities
that they should monitor.

Theoretical Framework

This study was guided by the theoretical framework devel oped
by Peek et a [15] and subsequently used by Verloo et a [11].
This framework provides us with some basic foundational
components that have been shown to influence
community-dwelling older adults' acceptance of technology,
including perceived concerns, perceived benefits, and older
adult characteristics.

Methods

Design

This study used a qualitative design to collect data on the
perceptions of older adults using oneto-one and
photo-€elicitation interviews (PEIs). Reporting on the study was
based on a checklist for explicit and comprehensive reporting
of qualitative studies [16].

Population and Settings

This study included community-dwelling older adults aged =55
years. All participants lived in the United Kingdom without a
medical prescription for home care. All interviews were
conducted on the web using the video call software Microsoft
Teams (1/33, 3%), Zoom videoconferencing (24/33, 73%),
WhatsApp (6/33, 18%), and Facebook Messenger (2/33, 6%).
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Participant Recruitment

Participants were recruited through social media and email
contact from charity groups, including Age UK and the
University of the Third Age. To be included, participants had
to be aged =55 years, be able to live independently in the
community without receiving specific home care, and have
accessto aform of video call software. Participantswere divided
into 2 groups: younger (aged 55-69 years) and older (aged =70
years).

Ethics Approval

This study was approved by the institutional human research
ethics committee (18/19-75V 2).

Data Collection Procedure

Data were collected between July 21, 2020, and February 2,
2021. Older adults who expressed interest in participating via
social media platforms and through email contact with older
adult charity groups, including Age UK and the University of
the Third Age, were contacted and provided with written details
of the study. Once they were given an opportunity to reflect on
the study requirements, a date, time, and video call software
were agreed upon. On the day of the interview, the interviewer
verified that participants understood the information that had
been provided to them and gained verbal consent that they were
happy to continue with the interview. Data collection used 14
photographs of relevant technologies and a semistructured
interview guide (MultimediaAppendix 1). Interview audio was
recorded for subsequent transcription.

Data Collection I nstruments

Overview

The research team devel oped and tested semistructured interview
guides and PEls (Multimedia Appendix 1). These guides used
open-ended questionsto encourage participantsto discusstheir
thoughts on ADL and monitoring technologies (wearable and
environmental-based systems). Theinterviewer had the freedom
to reformulate, reorganize, or clarify questions during the
interviews to gain a deeper understanding of the
community-dwelling older adults’ thoughts and opinions. The
guidelines were divided into 2 broad categories: ADL and
monitoring technologies.

ADL Instrument

Participants were asked, “What activities do you consider
fundamental to your daily life?’ and then showed the activities
included inthe GARS. They were asked to rank these activities
on a scale of 1 (low importance) to 5 (high importance) and
encouraged to explain their decisions. Following this, they were
asked whether there were any activitiesthey felt wereimportant
but not included in the GARS and asked to describe what they
thought would make these ADL difficult to perform in the
future.

Monitoring Technology I nstrument

Information was collected primarily using PEls, where
participants were shown image examples of wearable and
environmental sensors during their interviews (Multimedia
Appendix 1). They were asked whether they had any awareness
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of each technology type, and then, the purpose of each was
explained. Participantswere asked thefollowing: “What do you
like/dislike about the technology shown here?’; “What do you
think the benefits of using thistechnology to monitor activities
of daily living might be?’; and “What concerns do you have
with the use of these types of technology?’

Data Analysis

We recorded 18 hours and 32 minutes of interviews and PEIls
(mean 42, SD 12 minutes). All interviews were transcribed
verbatim from the audio recordings. The data were analyzed
using arealist thematic analysis approach [17]. One of the key
advantages of this approach is the appreciation of both
guantitative and qualitative data, which can be gathered from
interviews[18,19]. A total of 3 authors (NC, DM, and JJ) were
involved in the analysis of the transcripts, with a collective
discussion to finalize the included codes.

Thefirst interview transcription was analyzed, and initial codes
were identified, which were then grouped and refined into
themes. Using a deductive approach, the second interview was
analyzed, similar themeswereidentified, and additional themes
were added. This process was continued for each interview
transcript, each time adding or refining the existing themes. By
adopting this data-driven approach, it was possible to
continuously test the truth of emerging themes, allowing some
guantitative aspects of this research to be obtained simply. The
realist thematic approach allows quantitative-type information
to be collected, such as the frequency of a theme (indicating
strength) and the number of participants expressing similar
thoughts or experiences (indicating prevalence) [17]. After all
the interviews were analyzed, the list of themes was checked
and compared with another investigator to identify any
disparities between them. If any disputes arose, the original
transcript was checked, and the dispute was settled through
discussion between the researchers. The data were stored and
analyzed using Microsoft Excel (Multimedia Appendix 2).

Results

Samples and Sociodemographic Data

This study included 33 community-dwelling older adults from
the United Kingdom; 17 (52%) younger and 16 (48%) older.
The younger group comprised 17 community-dwelling older
adults (n=9, 53%, women and n=8, 47%, men) aged 55 to 67
(mean 61.9, SD 4.0) years. The older group comprised 16
community-dwelling older adults (n=9, 56%, women and n=7,
44%, men) aged 70 to 81 (mean 74.0, SD 4.5) years.

Findings

Overview

We have divided the description of our results into two main
sections; ADL Findings and Monitoring Technology Findings.
ADL Findings include (1) factors that influence the perceived
importance of GARS activities, (2) additional activities, (3)
factors that may influence ADL performance, and (4) factors
that influence the acceptance or rejection of assistance in
performing ADLs. Monitoring Technology Findingsis divided
into three subcategories: (1) genera monitoring systems, (2)
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wearable sensors, and (3) environmental sensors. Within each
of these, the results are further divided into factors influencing
potential acceptance, potential advantages, and potential
disadvantages. Participants did not highlight any general
disadvantages but made some suggestions for future
development, which are given at the end of this section. An
example quote for each identified element is provided, along
with an indication of how many participants shared the same
sentiment. More examples can be found in the accompanying
Microsoft Excdl file (MultimediaAppendix 2). Thesamplesize
included inthis study was not large enough to accurately provide
statistical differences between groups. However, the realist
approach to the adopted analysis allows quantitative data to
indicate the strength and prevalence of participants expressing
similar thoughts or opinions [17].

Campet a

ADL Findings

Factors That Influence Perceived Importance of GARS
Activities

The perceived importance of the GARS activitiesis summarized
inFigure 1. Ingeneral, ADL received higher importance overall
than iADL, except for iADL related to food. Both the younger
and older groups ranked get on and off toilet, feed yourself, and
wash and dry whol e body as the most important ADL. The=70
years group placed more importance on go up and down stairs,
take care of feet and toenails, and walk outdoors than the 55 to
69 years group, especialy women. The 55 to 69 years group
placed more importance on light household activity, prepare
breakfast or lunch, and preparedinner than the =70 yearsgroup.
Make the beds, do the shopping, and wash and iron clotheswere
considered of the lowest importance, especialy in the 55 to 69
years group. The statements provide some greater context
relating to why activities were deemed high importance or low
importance.

Figure 1. Relativeimportance of Groningen Activity Restriction Scale activities.
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In general, of the 33 participants, the activities considered high
importance related to maintaining physical function, as
described by 10 (30%; younger woman, n=1, 10%; younger
men, n=2, 20%,; older women, n=5, 50%; and older men, n=2,
20%) participants;

If you can keep yourself active then, through things
like getting in and out of bed and, you know...or on
the toilet, or getting off the toilet, then it all comes,
you know, under that one umbrella, so to speak, of
keeping yourself active [027BB]

Alternatively, the activities considered of high importance were
because of existing conditions, explained by participant 010BC
(younger man, 1/30, 3%) as follows:

I’mdiabetic, | have to keep an eye on it [taking care
of feet and toenails]—you know, your feet are quite
important [010BC]

Of the 33 participants, many participants viewed the
relationships between activities as an important factor, such as
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getting in and out of bed for 5 (15%; younger man, n=1, 20%;
older women, n=2, 40%; and older men, n=2, 40%) participants,
getting in and out of a chair for 5 (15%; younger men, n=3,
60%; older women, n=1, 20%; and older man, n=1, 20%)
participants, moving around the house for 1 (3%; older woman)
participant, taking care of feet and toenails for 4 (12%; older
women, n=3, 75%, and older man, n=1, 25%) participants, light
household activity for 1 (3%; younger man) participant, and
shopping for 2 (6%; younger woman, n=1, 50%, and older man,
n=1, 50%) participants:

well getting out of bed is, you' ve got to do that to do
everything else [029MG]

I mean standing up from sitting in a chair, again,
you're not going to be very independent if you can’t
do that [021GD]

you have to do everything—you need to be able to
[move around the house] to do everything else
[006BR]

IMIR Aging 2022 | vol. 5 | iss. 2 | €33714 | p.23
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

if you've got problems with your feet you won’t be
able to [do] much of the other stuff [013MB]

it's all about having clean crockery for use in the
kitchen—you can’t cook for yourself without clean
crockery so that goeswith preparing food and feeding
yourself...I mean | could eat off a dirty plate if |
couldn’'t wash up, it'sjust not healthy [032TB]

it's il important [shopping] because | think you
need to get out and socialise as well don’t you, the
older you're getting. [012SH]
Of the 33 participants, the ability to perform the shown ADL
was linked to the idea of maintaining pride and dignity,
especially among the younger group, as mentioned by 12 (36%;
younger women, n=4, 33%; younger men, n=4, 33%; and older
men, n=4, 33%) participants:

it's anything that takes that confidence away, and
your self-esteem, it just rips it apart...it's just
demoralising, [ performing ADLS] isvitally important
becauseif you are dirty, or smelly, you just don’t feel
nice about yourself. [024SK]

Of the 33 participants, walking outdoors was considered an
important activity because of itsrelationship with mental health
in both the younger and older groups, as described by 7 (21%;
younger woman, n=1, 16%; younger men, n=4, 67%; older
woman, n=1, 17%; and older man, n=1, 17%) participants:

“walk outdoors’ | thinkisessential for mental health,
but it’s not absolutely necessary...|I think it's essential
for mental health but, er, not for existing [019GW]

Of the 33 participants, regarding low-importance activities, the
acceptance of assistance, either mechanical or human, was a
key factor, as described by 12 (36%; younger women, n=>5,
42%; younger men, n=4, 33%; older men, n=3, 33%)
participants:

With things like the household activity and the
ironing, if | got to the stage where | couldn’t do that
| would pay somebody to doit, so | don’t regard that
asa heavy priority because—the same asdo[ing] the
shopping, | mean we' ve been having food, um Tesco,
deliveries so | don't regard them as a bhig thing
because you can get somebody else to do it couldn’t
you. Same as make the beds [007JR]

For some of the 33 participants, some activities were less
important as they were considered autonomous, as described
by 4 (12%; younger men, n=2, 50%, and older women, n=2,
50%) participants:
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and of course, getting in and out of bed and making
beds, well you just do these things automatically
without even thinking about it [018CW]

Of the 33 participants, some activities were considered less
important as they had little impact on everyday function, as
described by 8 (24%; younger woman, n=1, 13%; younger men,
n=3, 37%; older women, n=3, 37%; older men, n=1, 13%)
participants:

One can always live in a house that is not that tidy
and not, um, it's not going to affect whether you are,
sort of, capable of fending for yourself. If the house
getsdirtier thenit'snot the end of theworld [021GD]

However, several of the 33 participants noted that the specificity
of the activity being considered would have an impact on its
difficulty and importance; for instance, making versus changing
the bedsfor 4 (12%; younger women, n=2, 50%; older woman,
n=1, 25%; and older man, n=1, 25%) participants, meal
preparation for 6 (18%; younger woman, n=1, 17%; younger
man, n=1, 17%,; older women, n=3, 50%; and older man, n=1,
17%) participants, and household activity for 12 (36%; younger
women, n=3, 25%; younger men, n=4, 33%; ol der women, n=3,
25%; and older men, n=2, 17%) participants:

“making the beds’ | think depends on how much
making the beds—if you are just pulling it straight
it'sfine but if you are going to re-cover a duvet after
its been washed, that’s probably a bit too heavy for
a lot of people [019GW]

| mean thereisdlightly, but | would put them together
for the purposes of this, yeah, well, because to my
mind you need more motor skills to prepare dinner
than you do for a breakfast or a lunch...but it needn’t
be [more complex] because you can always prick
holes in something and stick it in the microwave
[020PP]

changing the bed, or turning a bed, hoovering which
involves pushing, that’s quite physical, um, and maybe
getting the washing and hanging the washing out
maybe. Or, you know, bending down to get it out of
the washing machine, that’s quite— would call that
heavy. But light stuff, like maybe putting the duster
round or, um, like you said, a little bit of washing up,
not too much of a problem [024SK]

Additional Activities

During the interviews, the participants identified 7 extra
activitiesthat were not present onthe GARS (Figure 2). Exercise
or sports (10/33, 30%) and sociaizing (9/33, 27%) were the
most frequent additional activities.
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Figure 2. Frequency of additional activities. Exercise or sport refers to moderate to vigorous physical activity such as exercise classes but not walking
outdoors, as this is specified in the Groningen Activity Restriction Scale. Hobbies refer to low-intensity activities, often with a social aspect, such as

crafts, poetry groups, and choirs.
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Exercise or sport was cited most frequently, explained by
participant 008AE (older woman, 1/33, 33%) as follows:

I’ve always done yoga so | do believe that you have
to use your body rather than sit in a chair and go
arthritic. So | think | look at it and my attitude is a
little bit different by doing yoga for a lot of years and
knowing | got to keep my body mobile [008AE]

Socializing was cited most frequently by those aged 55 to 69
years, with mental health being a commonly cited reason for
its importance, explained by participant 022CB (younger
woman, 1/33, 33%) as follows:

| think that is important because if you've got, see,
peopl e socially—* sigh*—there’ s nothing worse than
being alone, because you get depressed...| think that
ought to be mentioned, meeting people and socialising
with people [022CB]

Factors That May Influence ADL Performance

Of the 33 participants, one of the main factors that
community-dwelling older adults consider to influence their
ADL performance, either currently or they perceive will
influence performance in the future, is their housing situation,
as described by 13 (39%; younger women, n=4, 31%; younger
men, n=3, 23%; older women, n=4, 31%; and older men, n=2,
15%) participants. Interestingly, for the women among the 33
participants, this was because of who they lived with and how
they divided ADL between them, as described by 7 (21%;
younger women, n=2, 29%; younger men, n=2, 29%; and older
women, n=3, 43%) participants:

I’msort of in chargein the kitchen | suppose...I cook,
and he said he washes up but he means “ loads the
dishwasher” and he does generally do the hoover—he
does generally get the hoover out, so yeah, | suppose
we do things between us really, yeah. [028PG]

In contrast, the men among the 33 participants tended to focus
more on the practical environment, as described by 5 (15%;
younger women, n=2, 40%; younger men, n=1, 20%; and older
men, n=2, 40%) participants:
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down the stairs [019GW]
Of the 33 participants, the most common influencing factor in
ADL performance was physical ability, as described by 13
(39%; younger women, n=4, 31%; younger men, n=3, 23%;
older women, n=4, 31%; and older men, n=2, 15%) participants:

it'sjust asyour body getsweaker and your joints start
to pack up, erm, | mean a lot of those—anything that
requires real physical movement, they're the ones
that can get difficult when you get so much older.
[025JD]

Mental health was cited as an important factor by one of the
participants (younger women, 1/33, 3%):

becauseif you're depressed you don’t feel like getting
out of bed, but if you physically can’t get out of bed,
that’sfrustrating and, um, also it might make you feel
depressed because you can't get out of bed [024SK]

In relation to exercise, self-control was highlighted by one of
the participants (younger man, 1/33, 3%):

I know | should be doing exercise and | know |
shouldn’t be eating fatty foods so, you know; it’sdown
to meif | chooseto do it or not and then it's down to
me what the consequences are. | know the
consequences, | know the rules so, you know, it's
down to me and | should really just stick with it
[017SC]

Factors That Influence the Acceptance or Rejection of
Assistancein Performing ADL

Of the 33 participants, maintenance of pride or dignity was a
key factor in community-dwelling older adults resisting
assistance with ADL, as well as the embarrassment of having
to rely on someone else, as described by 4 (12%; younger
woman, n=1, 25%; younger man, n=1, 25%; and older women,
n=2, 50%) participants:

imagine having a complete stranger comein and have
to work with you quite intimate—well, very
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intimate— mean, it’sjust not natural, you know...You
know, if you have a completely new carer comein to
[do] these things for you, you haven't instantly got a
rapport. | mean, you feel embarrassed...there's
embarrassment because human beings do not
naturally, you know, expose private actions to
complete strangers [024SK]

Cost was another factor, especialy in relation to mechanical
assistive technology such as stairlifts (younger woman, 1/33,
3%):

If you can pay for your own Stanna lift then fantastic
and it wouldn’t necessarily be a problembut if finance
isa problem then going up and down stairs might be
[024SK]

In contrast, others stated that they would be willing to accept
assistance if they physically needed it or if it would improve
their ability to remain independent (older women, 2/33, 6%):

Campet a

I’ve got a seat in my shower that | never use. | had
that fitted— did have that. | did say “ can you fit me
a seat, for when | need it and | did— think | used
it after | had my hip done, because | thought “ better
be on the safe side—’ll sit on the seat” [022CB]

Monitoring Technology Findings

Overview of Monitoring Systemsin General

The existing knowledge and acceptance of wearable sensors
and environmental sensorsare summarized in Figure 3. Overall,
the younger group had more existing knowledge of monitoring
technology than their older counterparts did. When asked if
they would use the technol ogy, the older group was morelikely
to accept it without delay, whereas the younger group was more
likely to say that they would consider using it in the future.

Figure 3. Summary of existing knowledge and overall acceptance of types of monitoring technology; (A) wearable sensors and (B) environmental
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Factor s Influencing Potential Acceptance of Monitoring
Systemsin General

Of the 33 participants, for both groups, health status and general
technology acceptance were the key influencing factors for 10
(30%; younger women, n=2, 20%; younger men, n=2, 20%,;
older women, n=4, 20%; and older men, n=2, 20%) participants:

| do think that when you live alone, whatever your
stage of mohility, you could fall over at any old time
can't you, so...yes. A reserved yes [to having some
kind of system] ...because | don't liketo think that I'm
quite at the stage where | need it yet. But that the
whole point, like, you should have them before you
need them [020PP]

I dotry but | find it difficult and | think you do asyou
get older but | do try [using a] mobile phoneand I’'m
trying to use theiPad. | don’'t say | find it easy but |
have to keep trying because | think you haveto learn
to do these things because that’ sthe way of the future
isn't it? To have to use these gadgets [008BAE]
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The younger age group mentioned experience with technology
asaninfluencing factor when considering monitoring technology
(younger women, 4/33, 12%):

I think alot of it is confidence, and so many people |
know who can’t manage with like the portal, and the
internet and all the different ways—it's because they
don’'t have enough expertisein it. We were bornin a
generation where [there was] nothing like that
[016AA]

However, of the 33 participants, it was noted that this might
become less of an issue in the future by 8 (24%; younger
women, n=3, 23%,; younger men, n=2, 15%; older women, n=2,
15%; and older men, n=1, 8%) participants:

| think it's the generations are getting older and
they’re not so worried about technology. It'sjust like
a day-to-day thing for us but when you're sort of in
your 80s now you' ve never been usedtoit” [003MC]

In contrast to these positive influences, of the 33 participants,
4 (12%; younger women, n=1, 25%, and younger men, n=3,
75%) participants from the younger group suggested that
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monitoring technology is limited in its usefulness; therefore,
they would be hesitant to use anything:

| have a bit of scepticism here because if somebody
thinks they are being monitored, | mean theres the
sort of “whats in it for them” and if they feel that
people are just checking up on them, erm again
thinking to my Mum, she would be quite canny so a
device could easily be fooled. [009]]

Of the 33 participants, theissue of datause was also highlighted
by 2 (6%; younger woman, n=1, 50%, and older man, n=1,
50%) participants:

not specifically about the wearing of it, um, | think
there are concerns about the whole data collection
issue, and what happenswith it, and how secureitis.
Um, but | mean the actual, the technology | don't
have a problem with. The problem lies with what
people do with the information once they' ve got it
[013MB]

Per ceived Advantages of M onitoring Systemsin General

Of the 33 participants, the main advantage of monitoring
systemswas reassurance, especially for the younger group, who
frequently considered using them from the perspective of a
carer, as described by 5 (15%; younger woman, n=1, 20%;
younger men, n=3, 60%; and older woman, n=1, 20%)
participants:

Even if not necessarily for you, for your carer or
family...they would be able to see if you're moving
around and, | don’'t know if the timescale would be
on it, but they would know what time you're moving
about [030DG]

Of the 33 parti cipants, health monitoring was another advantage,
especially the potential usefor health care workers or asameans
of supporting medical care, as described by 3 (9%; younger
woman, n=1, 33%; younger man, n=1, 33%; and older man,
n=1, 33%) participants:

| can seethat it has got its place, and froma medical
point of view, if it's being fed into a database and it
could highlight problems, erm, then that could be
good. If it would highlight problems and then a doctor
or a medical person of some kind was alerted that
you should go and talk to that person, | could seethat
would be useful. [017SC]

Of the 33 participants, the ability to check whether someone
was physically active rather than sedentary was highlighted as
an advantage by the younger group, as described by 3 (9%;
younger women, n=2, 67%, and younger man, n=1, 33%)
participants:
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as you get worse as you get older, you know, you
might lose some sight or something like that, you
know, so having a sensor for getting up and down
and that sort of thing, they would know wouldn’t they,
what, how much they’re moving. | don’t know, yeah.
| don’t think it's a bad idea as you get older [031SG]

In addition to monitoring activity, of the 33 participants, 3 (9%;
younger women, n=2, 67%, and older women, n=1, 33%)
participants suggested that monitoring technology could provide
reminders to conduct certain activities:

Obviously asyou get older and theold brain cellsare
going “oh did | go for my walk today,’ “oh no |
haven't” so yeah. And maybe | am sitting around
more one day than another, so yeah, yeah. Yeah |
think they could probably be quite a good tool
actually, yeah. [012SH]

Overview of Wear able Sensors

Participants from both groups stated that they had more
knowledge of wearable sensors than other types of technology,
with 100% (17/17) of the younger group and 75% (12/16) of
the older group expressing existing knowledge (Figure 3).
Overall, 100% (16/16) of the older group would accept at least
one form of awearable monitoring system, 94% (15/16) would
consider using it immediately, and 6% (1/16) would consider
using it in the future. Approximately 100% (17/17) of the
younger group would also accept at least one form of wearable
monitoring system; however, only 65% (11/17) would consider
using it immediately, whereas 35% (6/17) would consider it for
future use.

The acceptance of each specific wearable technology type is
summarized in Figure 4. Of the 33 participants, wrist sensors
were the most acceptable form of wearable technology in both
groups, which may reflect the type of technology the participants
were accustomed to, as described by 8 (39%; younger women,
n=2, 15%; younger men, n=2, 15%; older women, n=3, 23%;
and older man, n=1, 8%) participants:

yeah, got them. Got Fitbits. But | know there are all
sorts of heart monitors and stuff like that you can
wear nowadays [023DK]

Although considered acceptable, many of the younger group
participants stated that they would not use the wrist sensor
currently but would consider it for future use (Figure 4). The
same can be applied to a waist-worn sensor, which was the
second most acceptabl e form of wearabletechnology; however,
again, several younger participants would consider it for future
use rather than use it immediately. The ring was the least
acceptable technology type, athough it was dightly more
popular among the older group.
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Figure 4. Acceptance of wearable sensors among community-dwelling older adults.
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Factors Influencing Potential Acceptance of Wearable
Monitoring Systems

Of the 33 participants, one of the main reasons for the high
acceptability rate of wearable technology was how commonly
the technology was currently used and how easily these sensors
could be combined with other technologies such as a watches,
asdescribed by 4 (12%; younger man, n=1, 25%; older woman,
n=1, 25%; and older men, n=2, 50%) participants:

well | think people are used to seeing things on
people...and it's not remarkable anymore. | mean |
think technology is so widely accepted now that
people don’'t even comment. Fithits, you know, people
used to say “ ohwhat’sthat” but now it’sjust a watch.
[015AA]

However, of the 33 participants, it was suggested by 3 (39%;
younger man, n=1, 33%; older woman, n=1, 33%; and older
man, n=1, 33%) participants that a wrist-worn sensor would
need to be combined with a watch, as people are aready
accustomed to wearing awatch and do not want to wear multiple
things:

| don’t think I’d like things on my wrist—my wrist is
my watch...it depends if that could all be one thing,
that wouldn’t be too bad, but | don’t think | would
have two things on my wrist, or one on each wrist. |
don’t think I’d have that. [032TB]

Of the 33 participants, The design of the sensor was also a
common influencing factor, especially among the older group,
as described by 8 (24%; younger women, n=2, 25%; younger
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men, n=1, 13%; older woman, n=3, 37%; and older men, n=2,
25%) participants:

I’d go for the watch because not all trousers, or skirts,
have pockets, erm, and a ring—’m very fussy with
the rings | wear. But | very much like the watch. |
think that looks really nice actually [025JD]

One of the participants stated that one of the main influencing
factors for them was curiosity (older man, 1/33, 3%):

it would be interesting, | don’t know if it would, you
know, be useful. Or whether | would get, personally,
anything out of it. But it would certainly allow me, if
| wanted to take a scientific interest, to be able to
analyseit. Just out of curiosity really.

Among the women of the 33 participants, health status was the
main factor that would make them consider using a wearable
system in the future, as described by 3 (9%; younger women,
n=2, 67%, and older woman, n=1, 33%) participants:

| suppose if you get to a point or stage where you
reguire that then | would want it but we don’t require
it, and we hope we won't [016IA]

Advantages of Wear able Monitoring Systems

Of the 33 participants, one of the main advantages of the
community-dwelling older adults related to wearable systems
is the ability to monitor health, either their own or that of
someone else, as described by 3 (9%; younger woman, n=1,
33%; younger man, n=1, 33%; and older woman, n=1, 33%)
participants:
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Yeah, | think if its monitoring heart rate and stuff like
that—the movement—that basically coverswhat these
things will do. This firstly then these secondary. A
combination of both, but predominantly the
[wearable] one. That definitely givesyou more details
of your personal health [023DK]

Of the 33 participants, motivation was another key advantage
identified by both groups, especially in relation to exercise, as
described by 10 (30%; younger women, n=1, 10%; younger
men, n=4, 40%,; older women, n=3, 30%; and older men, n=2,
20%) participants:

I’ve set myself a target of going on a little walk every
day to build up my fitness again, so I’'m just trying
to—just out of curiosity, seeing how far 1I’'m going
every day [007JR]
Of the 33 participants, the unintrusive nature of the sensorsand
the fact that they can be hidden was a major advantage for
several groups, as described by 10 (30%; younger men, n=2,
20%; older women, n=5, 50%; and older men, n=3, 30%):

I mean, that could be hidden. You've got it on and
it's hidden up a sleeve, you're not going to be able
to seeit...the strap around the wai st could be hidden.
It could be easily hidden underneath clothing and
then, you know, if you're wearing a jacket or
something aswell it’s not going to be seen, and people
wouldn’t ask [023DK]

Disadvantages of Wear able M onitoring Systems

Older women noted that the potential need to charge the system
could be a disadvantage of wearable monitoring systems (older
women, 2/33, 6%):

oh yes, charging, that's the thing [005PC]

Of the 33 participants, both groups suggested that comfort may
be a barrier, as described by 2 (6%; younger man, n=1, 50%,
and older woman, n=1, 50%) participants:

| don't think 1 would find it a problem unless it
affected my sleep, you know, if it was uncomfortable
and woke me up. [027BB]

Younger men suggested that the cost of the system would
discourage them from using wearable sensors (younger men,
2/33, 6%):

I mean I’ ve always been quite, sort of, interested in
the Fitbits and that sort of thing—the physical activity
monitors and that but never...I've never wanted to
spend that much money” [010BC]

As these systems are wearable, of the 33 participants, the
possibility of losing, forgetting, or damaging the sensor wasthe
most stated disadvantage by 17 (52%; younger women, n=6,
35%; younger men, n=5, 29%; older women, n=2, 12%; and
older men, n=4, 24%) participants:

I’d wear one on a belt but | know what I’'m like for
losing things, and if | had that one in my pocket 1'd
probably lose it...or put it in the washing machine
[007JR]
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Of the 33 participants, the practicality of everyday use was
another commonly stated disadvantage by 11 (33%; younger
women, n=3, 27%,; younger men, n=4, 36%; ol der women, n=3,
27%; and older man, n=1, 9%) participants, especialy
concerning ring and pocket sensors:

| think the ring can pose a problem, particularly of
you are doing work, you can actually catch the ring
in something and harmyour finger. And erm, | mean,
you know, | wear a wedding ring and another ring
and | take those off if | am going to do some work for
safety reasons. So | think you would be taking that
off | would imagine, and perhaps forgetting to put it
back on again [019GW]

Younger men stated that the reaction of other people was a key
disadvantage, especialy in relation to appearing vulnerable
(younger men, 2/33, 6%).

Because peoplewill be saying “ well what’sthat” you
know what | mean? It’ll be people saying “ why you
wearing this’ and you' |l haveto start making excuses.
You don’'t want to come across as being vulnerable
[001WB]

Overview of Environmental Sensors

Therewaslittle existing knowledge of environmental monitoring
systems: 29% (5/17) of the younger group and 6% (1/16) of the
older group were aware of at least one type (Figure 3). One of
the participants explained that they had worked with the floor
and chair sensors (younger man, 1/33, 3%):

at a home for people with dementia so we had the
mats and the chair sensor to basically monitor when
they were getting out of bed. Put a foot on the floor,
the beeper would go off and we would go and see if
they're okay. Y’ know especially at night times. Some
people who are at risk of falling, we had the chair
exit pads but not all this other stuff [001WB]

One of the participants recalled seeing something similar to a
passive infrared monitoring system on a television program
(younger man, 1/33, 3%):

I’ ve seen some similar, somewhere I’ ve seen similar
to the PIR setup in a room for motion sensor, just to
check when people are actually moving. | can’t
remember where—it might have been something like
“Tomorrow sWorld” [ British science and technology
TV programme which ran until 2003] or something
like that. | saw it years ago [023DK]

Of the 33 participants, experience with family or friends was
mentioned by 2 (6%; younger woman, n=1, 50%, and older
woman, n=1, 50%) participants:

I’ve heard about the anti-wandering ones because
my friend's mother-in-law had one of those
[laughs]—and the bed [020PP]

The younger group was more accepting of environmental
sensors overal, with just 6% (1/17) saying they would not
consider their use compared with 19% (3/16) of the older group.
However, the younger group was more likely to consider using
environmental sensors in the future (13/17, 76%) than
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immediately (3/17, 18%) compared with the older group (6/16,
38%, would consider usingit in thefuture, and 7/16, 44%, would
use it immediately).

The acceptance of each specific environmental technology type
is summarized in Figure 5. Motion sensors were the most

Campet a

accepted form of technology in the younger group, whereas
motion and door sensors were most accepted equally by the
older group. The pressure sensors were least accepted by both
groups, however, several of the younger group participants
would consider the chair mat in the future.

Figure5. Acceptance of environmental sensors among community-dwelling older adults.
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FactorsInfluencing Potential Acceptanceof Environmental
Monitoring Systems

Of the 33 participants, the main factor influencing
community-dwelling older adults' acceptance of environmental
monitoring systems in both groups was the perception of
usefulness, with many stating that they did not see why they
would be useful, as described by 12 (36%; younger women,
n=3, 25%; younger men, n=3, 25%; older women, n=3, 25%;
and older men, n=3, 25%) participants:

I think we would know what we are doing. | don’t
think we'd need data to tell us what we were

https://aging.jmir.org/2022/2/e33714
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Consider for future use

40% 60% 80% 100%
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Never use

doing...personally, | don’t think it would help, | don’t
think it would make any difference to us to see it
written down in the data round the house [028PG]

Of the 33 participants, health status was identified by 9 (27%;
younger woman, n=1, 11%; younger men, n=3, 33%; older
women, n=4, 44%; and older man, n=1, 11%) participants:

if you're not particularly able then | would think the
chair monitor—you know, you do not want people
sitting day-in, day-out and not moving. If | was
unfortunate enough to be struck down with something
like dementia then the one on the door would be
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essential—on the front door would be essential
[025JD]

Of the 33 participants, mediainfluence was both a positive and
negative factor for 3 (9%; younger woman, n=1, 33%; older
woman, n=1, 33%; and older man, n=1, 33%) participants:

yeah, I'd be like James Bond wouldn’t | with sensors
all over the place! Yeah that would be lovely. Yeah,
excellent. [014PC]

| don’t fancy them, it’sa bit “ big brother iswatching
you” [021GD]

Advantages of Environmental Monitoring Systems

Of the 33 participants, reassurance not only for the individual
but also for those caring for an older relative was the most stated
advantage of having an environmental monitoring system in
both groups, especialy for the younger group, as described by
11 (33%; younger women, n=5, 45%; younger men, n=3, 27%;
and older women, n=3, 27%) participants:

You never know what's around the corner, then |
would actually feel reassured with all this stuff at the
top [001WB]

| think it's—for people that have been through that
or whatever sort of illnesses you've had with your
elderly parents or whoever, this would probably be
quite reassuring...| would have loved something like
that for my mum. It would have been brilliant.
[012SH]

One of the participants stated that having an environmental
sensor may allow certain conditionsto be diagnosed earlier than
otherwise (younger women, 1/33, 3%):

my mum had dementia and | was constantly getting
called to her flat, something like this before she got
to that stage where it got messy, these things could
probably have diagnosed her earlier [012SH]

Of the 33 participants, mostly the women in both the older and
younger groups stated that akey advantage would beidentifying
sedentary behavior, either in themselves or others, as described
by 7 (21%; younger women, n=2, 29%; younger man, n=1,
14%; and older women, n=4, 57%) participants:

if it got to the stage where | did need that, | mean,
bearing in mind that there' salwaysthethreat of DVT
if you spend too long sitting down. | mean, if you have
somebody who's had a stroke or something and they
aren't moving around much, | think that would be
very informative. [025JD]

Of the 33 participants, safety was also mentioned by 3 (9%;
younger woman, n=1, 33%; younger man, n=1, 33%; and older
woman, n=1, 33%) participants in both the older and younger
groups, relating to personal safety for 2 (6%; younger woman,
n=1, 50%, and older woman, n=1, 50%) participants and the
potential for home security for 1 (3%; younger man) participant:

| supposeif you had someonewith dementia, it would
tell you if they'd been out, or gone out when they
shouldn’t. [025JD]

https://aging.jmir.org/2022/2/e33714
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if there’s only 1 person in the house, and then all of
a sudden there's three or four things moving
about—there's somebody in a bedroom, someone in
the living room, and then you think “ this person lives
on their own,” but there’s movement in two or three
different places at one time—a quick phone call or
something like that...Rather than find out later that
they’ ve been burgled [023DK]

Of the 33 participants, the unintrusive nature of the sensorswas
a key advantage, especialy within the older group when
compared with wearable sensors, as described by 4 (12%;
younger woman, n=1, 25%; older women, n=2, 50%; and older
man, n=1, 25%) participants:

Obviously the ones that are installed on your ceiling
or on your wall are not obtrusive at all, whereas
you' ve got to remember to wear the other thing and
of course you would realise that you have always got
it with you [019GW]

Disadvantages of Environmental Monitoring Systems

One of the participantsidentified the potential cost of the system
as a disadvantage (younger woman, 1/33, 3%):

Expense wise, a little one would be cheaper than
putting something in every room. That’s—you know,
finance is another issue [024SK]

Of the 33 participants, the issue of coping with habitual
behavior, such as closing doors, was identified by 4 (12%;
younger woman, n=1, 25%; younger man, n=1, 25%; and older
women, n=2, 50%) participants, especialy in relation to door
SeNnsors:

door one, um, apart from the front doors, wouldn’t
work too much for me because | tend to not close
doors anyway [020PP]
Of the 33 participants, 2 (6%; younger man, n=1, 50%, and
older woman, n=1, 50%) participants stated that the
environmental sensors posed arisk of damage to the house:

it's worth noting, because one question would be if
it does mark, then people would say “ well then, I’ve
got to redecorate” [027BB]

Of the 33 participants, concerns over privacy issues were
identified by most groups, as described by 5 (15%; younger
women, n=3, 60%; older woman, n=1, 20%; and older men,
n=1, 50%) participants:

Someoneisalwayslistening to you, someoneisalways
looking at you, that the only thing. There isn’t much
privacy there, isit? [018CW]
One of the participants stated that they considered the potential
for reduced human contact within health care to be a
disadvantage (older woman, 1/33, 3%):

the only dlight misgiving | have on that is, um, that
if—that they could end up, sort of, replacing the
one-to-one...So these would keep you safe, say, these
would alert somebody to a situation perhaps, or give
them information but they couldn’t replace the, sort
of, the human contact element [021GD]
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Future Development Considerations of Monitoring
Systemsin General

Following the discussion of the various currently available
monitoring technologies, some participants highlighted ways
in which they could be developed in the future. Of the 33
participants, the main outcome from the younger group was
that any future devel opment should be based on a specific need,
asdescribed by 2 (6%; younger woman, n=1, 50%, and younger
men, n=1, 50%) participants:

yep, if something’s got a use and it makes life easier
then I'mall for it, but if someone has invented some
technology and then triesto find a use for it, | don’t
think that is a great improvement...If thereis a need,
get the technology to deal with it rather than develop
technology and then find a use for it...\We should get
the machine to do whatever it wants to do properly
and reliably rather than find out what else you can
make it do—unlessit is of some use. [017SC]

One of the participants highlighted the need for more education
relating to these types of technology (younger man, 1/33, 3%):

Yeah so | guess it's the educational side of it, yes.
Teaching them about it—making sure the IT works
for themrather than it’s just there [003M C]

One of the participants suggested that being able to combine
many measures into a single sensor may be beneficia rather
than having multiple sensors (older woman, 1/33, 3%):

it would be better to have one that would just do the
lot rather than one that just picks one thing out,
really...One that could combine the whole lot would
be better. [006BR]

Discussion

Principal Findings

Overview

Although there have been studies on older adults’ perceptions
of assistive technology [11] and fall monitors [13], little is
known about their perceptions of ADL monitoring technol ogy.
A recent review of ADL monitoring technology found that there
isaneed for aclear consensus on which ADL are important to
monitor and what types of technology older adults are most
likely to use to enhance the effectiveness of current ADL
monitoring systems [9]. The sample size used in this study, as
well astheinclusion of both younger and older groups, makes
this one of the most comprehensive studies of older adults
perceptions of ADL monitoring technology to date. PElIs made
it possible to clarify the perceptions of specific types of
technologies, however, the images used in PEls were not
exhaustive examples of the types of monitoring technology
available. It should also be noted that all participants werefrom
the United Kingdom and were aready comfortable using
technol ogy, which meansthat the following conclusions cannot
necessarily be applied globally. Differences in aspects such as
education level and access to technology may aso alter the
results, although this was not a specific consideration of this
study.
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Relationship Between ADL | mportanceand Monitoring
Technology

There is currently a strong link between the ADL considered
the most important by the community-dwelling ol der adultsand
the ADL most frequently identified by current monitoring
systems, and feeding and persona hygiene activities are both
the most common activities supported by monitoring systems
[9] and are considered the most important activities by
community-dwelling older adults. In this study, these are also
the activities that community-dwelling older adults suggested
they would be the least likely to accept or ask for help with,
particularly thoserelating to personal hygiene, such aswashing
and toileting, which were closely associated with feelings of
pride and dignity.

One of the main challenges in developing ADL monitoring
technology is identifying the activities that are important for
monitoring [9]. Although hygiene-related activities are
considered important, many older adults express concern about
them being directly monitored [20], and they often require
several sensors that focus only on these activities [9]. The
activities considered important by community-dwelling older
adults were different between the younger and older groups,
with those aged =70 years placing moreimportance on stair use
than their younger counterparts; however, thisisnot commonly
detected by ADL monitoring systems. Instead, it often features
in sensors specifically designed to monitor falls; however, the
requirement for several different, highly specialized systems
may be alienating some community-dwelling older adults. It
was highlighted that most community-dwelling older adults
were inclined toward fewer sensors, suggesting that a simple
sensor capable of monitoring several activities would be
preferable, which highlightsthe potential need for collaboration
between those devel oping fall technology and ADL monitoring
technology.

It was a so noted that some activities have alarge influence on
others, namely, mobility and standing from sitting in a chair,
which are both required to perform almost any other ADL. This
suggests that it might be less important to directly monitor
specific activities; instead, the focus should be on movements
that are considered the most influential. For example, squatting
playsarolein sitting, toilet use, and potentially other activities.
Further investigation is required to identify the link between
functional movement and specific ADL. Physical ability wasa
theme shared by both ADL performance and technology
acceptance, highlighting that it is a very influential aspect in
the acceptance of monitoring technology by the
community-dwelling older adults.

Link Between Existing Knowledge of Technology and
Acceptance of ADL Monitoring Technology

Our results demonstrated that there were different levels of
existing knowledge rel ated to monitoring technol ogy, with most
people being aware of wearable sensors and very few being
aware of environmental sensors. One of the key reasonsfor this
isthe presence of similar technology in general use; for example,
many noted that wearable sensors resemble smart watches such
as Fithit. It is evident that there is a link between existing
knowledge and acceptance, aswearable sensors had the highest
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previous knowledge and acceptance, whereas environmental
sensors had the lowest scorein both categories (Figure 3). This
contrasts with existing studies, which have suggested that
wearable sensors are often the least accepted [21-23], whereas
environmental motion sensors have been the most accepted
[24]. It is notable that the younger group had more experience
with environmental sensors than the older group, which many
of them stated was because of having older relatives who had
used the technology. The younger group was also more
accepting of environmental sensors as they could relate their
potential use to their relatives and wanted to have sensors that
could help reassure their future carers or potentially help them
diagnose health concerns earlier. On the basis of this, it may be
that as monitoring technology becomes more commonly used,
it will aso become more accepted.

The high acceptance of monitoring technology in this study
may be due, in part, to the sample group, who were all accepting
of technology in general and comfortable using it, hence their
willingness to use video calling software to participate in the
interview. It should be noted that this may not be representative
of the entire older adult community; for example, Verloo et al
[11] suggest that ol der adults have limited interest in technol ogy,
and therefore, generalizations are difficult. However, this study
was also conducted during the UK COVID-19 lockdown
restrictions, during which technology became more prominent
in many people’'s lives as a means of maintaining social
connections with family and friends. Alongside this, some
participants al so noted that because of limited socia interaction,
people might be less aware of medical emergenciesor emerging
health concerns than they may have been previously and
therefore were more appreciative of having technology in the
home to monitor things such as sedentary behavior than they
may have been in the past.

Common Themes

Some common themes emerged across both technology types,
namely, relating to health status as an influencing factor and
cost as a disadvantage. Health status highlights the potential of
these sensors to be used to support health care, which is one of
themain objectivesfor their development [9,12,25,26]; however,
many of the participants highlighted that they would not use
these sensors until they needed them, which goes against the
idea of using them to detect when this point of need may be
occurring. Owing to their ability to monitor continuously, which
human health care workers cannot [20], it may be beneficial to
focus future work on highlighting how this may be beneficial
to older adults. Particular emphasis should be placed on older
adults at most risk of becoming frail or devel oping certain health
conditions such as dementia. However, the fact that cost was
highlighted asthe main disadvantage across all technology types
shows the prominence of this issue. This sentiment is echoed
by several other studies that have been conducted over several
years, demonstrating that this is a key issue for developers to
overcome in future development, finding a technology that is
both beneficial and cost-effective [3,11].

A key disadvantage wasthe potential for reduced human contact,
particularly among older women. Thismay belinked to ahigher
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incidence of loneliness among this population because of the
unequal distribution of risk factors such asthe death of a partner
among men and women [27] and the subsequent need to
maintain social relationships. Although these technologies are
often developed to assist health care and allow older adults to
live at home for as long as possible [9], the development of
future systems should be careful not to completely replace
human care with technological assistance. Human interaction
can provide emotional connections that even the smartest
technology cannot replicate. These emotiona connections cannot
be underestimated in the care of older adults, asthey are known
to be closely linked with other factors such as depressive
symptoms and subsequent reductions in physical activity and
overal health. However, it is possible to use sensors to reduce
the workload for human carers by automatizing some tasks;
therefore, the carers can be more available to provide more
human interaction to older users.

Socializing and communication were considered among the
most important ADL by community-dwelling older adults and
are commonly identified by monitoring technology [9], despite
not appearing on many traditional ADL scales [28]. Social
interaction is becoming an increasingly prevalent aspect of
health care because of the growing adoption of abiopsychosocia
approach [29]; therefore, this study indicates that its presence
in monitoring technology should continue. Although not
included in this study, socially assistive robots (SARs) may
represent the best opportunity for developing this, asthey have
already been shown to have benefits for socialization [13,30].
In addition to monitoring socializing activities, SARs may play
an activerolein supporting the community-dwelling older adults
through conversation or facilitating communication between
people. It should be noted that this study was conducted during
the national lockdownsin responseto the COVID-19 pandemic,
which several participants noted had made them more aware of
potential isolation from friends and relatives. Future work should
include SARs and explore their potential usefulness in the
monitoring of ADL performance, as well as their role in
supporting community-dwelling older adultsto continue living
independently in the community.

Conclusions

Overall, technological monitoring systems are perceived as
acceptable methods of monitoring ADLs. However, developers
and carers must be aware that individuals may express
differencesin their willingness to engage with certain types of
technology depending on their age and circumstances. In
addition to the increase in population aging, there will be an
increase in older adults with interest in technology, which may
reduce some of the existing barriers [11]; however, technical
developers should continue to ensure that technology is created
for a specific purpose that can be clearly conveyed to
community-dwelling older adults who may not have much
technological experience. Community-dwelling older adults
highlighted the need for systems to be combined and simple;
they do not want multiple sensors as these can create a
technology overkill. In the future, technical developers should
consider this and note that as technology becomes more
widespread, it will become more accepted.
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Abstract

Background: Health care aides are unlicensed support personnel who provide direct care, personal assistance, and support to
people with health conditions. The shortage of health care aides has been attributed to recruitment challenges, high turnover, an
aging population, the COVID-19 pandemic, and low retention rates. M obile apps are among the many information communication
technologies that are paving the way for eHealth solutions to help address this workforce shortage by enhancing the workflow
of health care aides. In collaboration with Clinisys EMR Inc, we developed a mobile app (Mobile Smart Care System [mSCS))
to support the workflow of health care aides who provide services to older adult residents of along-term care facility.

Objective: The purpose of this study was to investigate the technology acceptance and usability of amobile app in areal-world
environment, whileit is used by health care aides who provide services to older adults.

Methods: This pilot study used a mixed methods design: sequential mixed methods (QUANTITATIVE, qualitative). Our study
included a pre— and post—paper-based questionnaire with no control group (QUAN). Toward the end of the study, 2 focus groups
were conducted with asubsample of health care aides (qual, qualitative description design). Technology acceptance and usability
guestionnaires used a 5-point Likert scale ranging from disagree (1) to agree (5). Theitemsincluded in the questionnaires were
validated in earlier research as having high levels of internal consistency for the Unified Theory of Acceptance and Use of
Technology constructs. A total of 60 health care aides who provided services to older adults as part of their routine caseloads
used the mobile app for 1 month. Comparisons of the Unified Theory of Acceptance and Use of Technology constructs summative
scores at pretest and posttest were calculated using apaired t test (2-tailed). We used the partial |east squares structural regression
model to determine the factors influencing maobile app acceptance and usability for health care aides. The a level of significance
for all testswas set at P<.05 (2-tailed).

Results. We found that acceptance of the mSCS was high among health care aides, performance expectancy construct was the
strongest predictor of intention to use the mSCS, intention to use the mSCS predicted usage behavior. The qualitative data support
the quantitative findings and showed health care aides’ strong belief that the mSCS was useful, portable, and reliable, although
there were still opportunities for improvement, especially with regard to the mSCS user interface.

Conclusions: Overall, these results support the assertion that mSCS technol ogy acceptance and usability are high among health
care aides. In other words, health care aides perceived that the mSCS assisted them in addressing their workflow issues.
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Introduction

Background

Health care aides are unlicensed support personnel who provide
direct care, personal assistance, and support to people with
health conditions that affect their daily function [1]. Currently,
there is a shortage of hedlth care aides due to challenges in
recruitment, high turnover, an aging population, the COVID-19
pandemic, and low retention rates. For example, arecent study
conducted in the United States found that the 3-year retention
rates among health care aides were as low as 36% [2]. In
Canada, there is a shortage of health care aides who provide
care to older adults. As a result, Canada is seeking
approximately 200,000 new health care aides over the next 10
years to meet the needs of the growing aging population [3].

Workflow issues have a negative impact on health care aides
job satisfaction and quality of care. The scope of practice and
decision-making, service authorization and access to client
information, relationships, safety, critical  incidents,
communications, documentation, travel, scheduling and
navigation, and education are the most common workflow issues
identified by health care aides [4]. The implementation of
information communication technologies (ICTs) can improve
workflow issues and job satisfaction [4]. There is a positive
correl ation between job satisfaction and employee retention [5].
Multifeatured mobile apps are among the many ICTs paving
theway for eHealth solutionsin workforce shortages[6,7]. With
various modes of implementation, such as telemonitoring and
electronic health records, the development of ICTs has the
potential to benefit workflow and tasks within the health care
sector [8,9].

Knowledge of the usability and acceptance ICTsin health care
settingsisimperative for the success of ICT deployment. Perez
et a [10] recently identified the drawbacks and benefits of ICT
adoption by health care aides. A magjor deterrent is the
cumbersome and time-consuming nature of the adoption and
implementation of ICTs. In contrast, the major benefitsinclude
improved workflow, inclusion of time management skills,
protocol simplification, standardized procedures, and staff
scheduling. Moreover, the lack of ICT solutions for care
providers of persons living with dementia is highlighted by
Grossman et a [11]. This study identified >200,000 mobile
health (mHealth) apps, only 22 of which were intended for
dementiacare. To reduce the burden on caregivers, the literature
identifies useful ICT features, including information and
resources, family communication and coordination, memory
aidsfor careactivities and socialization, carer support resources,
medication management, and personal health records [11].

The COVID-19 pandemic has been a mgjor contributor to the
recent uptake of technology [12]. A study analyzing older adults
experiences using technologies reported that more than half of

https://aging.jmir.org/2022/2/€37521

the participants had adopted new technologies since the
beginning of the pandemic [13]. In clinical settings, real-time
health information has become a key feature of ICT solutions,
owing to the infectious nature of the virus. The inherent need
for modernized technology deployment in long-term care
settings during COVID-19 outbreaks and in a postpandemic
world iscritical for support staff such as health care aides[12].

In light of the COVID-19 pandemic, an understanding of
user-technology interactionsis fundamental to ICT design and
deployment in care settings. Health care aides, nurse managers,
and other health care providers benefit from ICT use through
improved communication, workflow support, and information
accessibility [10,14]. Furthermore, there is an opportunity to
enhance communication between clients and their family
members [15]. The impact of this understanding can improve
workflow issues, job satisfaction, and job retention in health
care aides.

In collaboration with ClinisysEMR Inc, we developed amobile
app intended to support the workflow of health care aides who
provide services to the older adult residents of a care facility.
The mobile app wastrialed in along-term care setting by health
care aides. Thus, the purpose of this study was to investigate
the technology acceptance and usability of a mobile app in a
real-world environment, while it is used by health care aides
who provide services to older adult residents.

Theoretical Framework: Brief Description

Technology acceptance relatesto user beliefs, whereas usability
is a concept associated with the actual use of technology [16].
Theories that explain the acceptance and adoption of
technol ogies are based on 2 foundational theoriesthat posit why
an individual chooses whether to use a technology. These
theories are the Theory of Planned Behavior [17] and its
predecessor, the Theory of Reasoned Action [18], which are
based on the main premise: as much of human behavior isunder
volitional control, most behaviors can be accurately predicted
from an appropriate measure of the individual’s intention to
perform the behavior in question [19]. The Unified Theory of
Acceptance and Use of Technology (UTAUT), in its UTAUT
[20] and UTAUT2 [21] versions, has emerged as the dominant
model explaining the behavioral intention to use technologies
and behavior connected to the use of technologies. The UTAUT
posits that performance expectancy, effort expectancy, and
socia influence are the direct determinants of the behaviora
intention to use the technol ogy under study, whereasfacilitating
conditions and behavioral intention to use the technology are
the 2 determinants of usage behavior. The UTAUTZ2, modified
from the UTAUT, includes 3 new constructs: hedonic
motivation, price value, and habit. In this study, we selected the
UTAUT as our theoretical model, as it has been tested more
frequently in health care settings [22-24], consequently having
higher levels of validation compared with the UTAUT2.

JMIR Aging 2022 | vol. 5 | iss. 2 | €37521 | p.38
(page number not for citation purposes)


http://dx.doi.org/10.2196/37521
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

The Technology: Maobile Smart Care System

Figure 1 shows the architecture of the Mobile Smart Care
System (mSCS). The mSCS is a tabl et-compatible web-based
appl that allows access to an electronic medical record system.
The mobile user interface of the mSCS enables health care aides
to accesstheir clients’ care plans and observations (eg, bathing,
feeding, grooming, dressing, bowel control, bladder contral,
toilet use, transfer in and out of bed, and mobility) previously

Miguel Cruz et a

uploaded to the electronic medical record by their supervisors
(ie, nurse managers). The health care aides recorded their
observations and reported their completed activities. The mSCS
also enabled supervisors (nurse managers) to monitor health
care aides care plan activities and observations with an
integrated module on the client's history (previous
appointments). The mSCS was installed on tablets using the
Android operating system.

Figure 1. The Mobile Smart Care System architecture at a glance.
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Methods

Study Design

Thiswasapilot study using amixed methods design: sequential
mixed methods (QUANTITATIVE, qualitative) [25]. Our study
included a pre— and post—paper-based questionnaire with no
control group (QUAN). Toward the end of the study, 2 focus
groups were conducted with a subsample of health care aides
(qual, qualitative description design).

Setting

This study recruited health care aidesfrom afacility that is part
of the Wing Kei Care Centre (Alberta, Canada) from August
17 to October 19, 2021. The Wing Kei Care Centreis hometo
145 older adults and has 77 private rooms, 36 semiprivate
rooms, and an 80-bed |ong-term care center. The Wing Kei Care
Centre provides culturally specific programs and services for
Chinese older adults.

Sample Size Calculation

The quantitative aspect of the study required a sample size of
60 health care aides to achieve a statistical power of 0.80 with
asmall effect size (ie, 0.25) and an a of .05 for a partial least
squares (PLS) structural regression model [26]. The qualitative
component of the study involved 10 health care aides. The target

https://aging.jmir.org/2022/2/€37521
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sample size was determined based on researchers' previous
experience and existing literature [27].

Participants

The health care aides were employed at 1 of the 3 sites that are
part of the Wing Kei Care Centre. They provided services to
older adults as part of their routine casel oads and were recruited
using convenience sampling. To be included in this study, the
health care aides had to be familiar with using digital
technologies such as smartphones or tablets.

Variables

Intention to use and actual usage behavior related to the mSCS
were used as the outcome measures in the multivariate PLS
structural regression model (from hereonreferredto asthe PLS
model) to determine the factors that had an effect on the
acceptance and usage behavior of the mSCS. Performance
expectancy, effort expectancy, and social influence were
considered direct determinants of behaviora intention with
regard to using the mSCS. Behavioral intention regarding the
use and facilitation conditions for using the mSCS were treated
as direct determinant factors for usage behavior of the mobile
app. We included demographic data such as sex, age, level of
comfort using digital technol ogies (eg, computers, smartphones,
the internet, and tablets) and years of experience working as a
health care aide as potentia confounding variables.
Dichotomous variables were coded O or 1 (eg, sex). Every item
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in section B-1 in the questionnaire was related to each
dependent, and the independent variables were scored on a
5-point Likert scale, ranging from disagree (1) to agree (5). We
calculated 3 summative scores by adding all theitemsfrom the
UTAUT constructs (except for usage behavior, 10 items), all
the items from each UTAUT construct (2 items for each of the
5 constructs), and all the items from the level of comfort using
digital technology (4 items). The maximum possible value of
the first summative score based on the 5-point Likert scale was
50 points (2 items for each of the 5 constructs). Therefore, a
summative score higher than 30 points and closer to 50 points
suggeststhat the technology acceptance of the mSCSwas high.
The maximum possible value of the second summative score
based on a 5-point Likert scale was 10 (2 items per construct).
Therefore, a summative score higher than 6 points and closer
to 10 points would suggest that performance expectancy, effort
expectancy, socia influence, facilitating conditions, and
behavioral intention to use the mSCS were high. For the third
scale, asummative score higher than 12 points and closer to 20
points suggeststhat health care aides have high levels of comfort
in using digital technologies.

Data Sources and | nstruments

Table 1 summarizesthe UTAUT constructs using measurement
items. We designed and administered a paper-based initial

https://aging.jmir.org/2022/2/€37521

Miguel Cruz et a

guestionnaire (10 items; 2 items per UTAUT construct) and an
exit questionnaire (12 items; eg, the exit questionnaire had 2
additional questions about usage behavior with the mSCS) to
understand the factors that affected the actual use of the mSCS.
The purpose of theinitial questionnairewasto obtain abaseline
for mSCS acceptance, whereasthe exit questionnaire was aimed
at understanding usage behavior and whether the health care
aides' expectations of the mSCS were met. The questionnaire
for the health care aides had 3 sections. Section A-1 included
demographic data such as sex, age, and years of experience
working as a health care aide. Section A-2 in the questionnaire
used a 5-point Likert scale to determine the health care aides
level of comfort in using digital technologies, ranging from
disagree (1) to agree (5). Section B-1 included questionnaire
itemsthat used a 5-point Likert scaleranging from disagree (1)
to agree (5). Theitemsincluded in this section were previously
validated as having high levels of internal consistency [20,28].

Focus groups were guided by 6 questions that examined the
health care aides’ experiences (ie, usefulness and ease of use)
with themSCS during their work day and their satisfaction with
the system while carrying out routine tasks. We al so asked about
the potential influence of the mSCS on the quality of care
provided, the challenges and barriers associated with using the
system, and the possibility of using the system in a home care
Setting.
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Table 1. Summary of the construct and corresponding measurement items.

Miguel Cruz et a

Construct Corresponding items (initial questionnaire) Corresponding items (exit questionnaire) Source
PE?
PE1: using the mSCS? will improve the management of care PEL: using the mSCS improved my ability to care for my [20]
for my clients. clients.
PE2: overall, the mSCSwill be useful for doing my jobasa PE2: overall, the mSCS was useful for my job. [20]
health care aide.
EE®
EE1: learning to use the system will be easy for me. EE1: learning to use the mSCS app was easy for me. [20]
EEZ2: overall, | will find the mSCS easy to use. EE2: overall, the mSCS was easy to use. [28]
¢
SI1: my colleagues at work think that | should use the mSCS  SI1: my colleaguesthink that | should usethemSCSto manage [28]
to manage my caregiving activities. my caregiving activities.
SI2: in general, my supervisor will support my use of the SI2: in general, my supervisor supported my use of themSCS [28]
mSCS to manage my caregiving activities. to manage my caregiving activities.
Fc®
FC1: | will receive good technical support with the mSCS. FC1.: | received good technical support with the mSCS. [28]
FC2: the mSCS will be fast to get into. FC2: the mSCS was fast to get into. [28]
BIf
BI1: if possible, | will usethemSCSto manage my caregiving BI1: if it were up to me, | would continueto usethemSCSto [28]
activities. manage my caregiving activities.
BI2: if possible, | will continueto usethemSCSappto provide BI2: if it were up to me, | would continue to usethemSCSas  [28]
a better service to my clients. away to care for my clients better.
us?
N/AD UBZ1: | used the mSCSto organize my caregiving activities.  [28]
N/A UBZ2: | used the mSCS to manage my caregiving activities.  [28]

8PE: performance expectancy.
bmSCS: Mobile Smart Care System.
CEE: effort expectancy.

d31: social influence.

FC: facilitating conditions.

'BI: behavioral intention.

9UB: usage behavior.

N/A: not applicable.

Ethics Approval

This study was approved by the ethics committee of the
University of Alberta (Pro00095093).

Procedures

A member of the research team at the care center sent a letter
of invitation along with the information letter and consent form
by email to potential participants who matched the inclusion
criteria. Health care aides who were interested in participating
signed the consent form and then emailed the form back to the
project coordinator.

The project coordinator administered the initial questionnaire
to each health care aide who agreed to participate in the study.
Next, they provided a tablet with the mSCS installed on it to
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RenderX

each health care aide and provided instructions on how to use
the mSCS. The app also had a tutorial video that taught the
health care aides how to use the tablets and access the system
through the mSCS (ie, Clinisys portal). Each health care aide
used the system for 1 month. After the trial period, the project
coordinator emailed each health care aide the exit questionnaire
for completion. Health care aides then emailed the completed
guestionnaires back to the project coordinator. Each health care
aide received an honorarium of CAD $25.00 (US $19.99) for
each of theresearch activities completed (ie, theinitial usability
guestionnaire and exit usability questionnaire).

The focus groups were held with health care aides at the care
center toward the end of the study. A total of 2 focus groups
were conducted, with 6 health care aides in each focus group
for 12 hedlth care aides. Thus, the 12 health care aides completed
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both the quantitative and qualitative components of the study.
Each health care aide who participated in afocus group received
an honorarium of CAD $25.00 (US $19.99).

Data Analyses

Descriptive statistics were used to summarize the demographic
data of the health care aides. SPSS (version V 28.0; IBM Corp)
and SmartPL S (version 3.2.0) [29] stati stics packages were used
to generate descriptive, univariate, and bivariate statistics and
a PLS structural regression model, respectively. The sample
sizewas estimated using G* Power (version 3.1.9.4; Universitét
Kidl) [30]. Comparisons of the outcome and independent
variable summative scoresat pretest and posttest were calculated
using apaired t test. We used a PL S structural regression model
to determine the factors that influenced mSCS acceptance and
usability for the health care aides. To determine whether to
include mediator and moderator variablesin the PLS structural
model, bivariate correlations (ie, Spearman p or Pearson
correlation) between performance expectancy, effort expectancy,
socia influence, behavioral intention to use, and current use of
the mSCS that were independent of sex, age, level of comfort
using mobile apps, and years of experience working asahealth
careaidewere calculated. Finally, aPL S structural measurement
model evaluation was conducted using the following: (1) a
reliability measurement for each construct (internal composite
reliability [ICR]), (2) a convergent validity measurement of
each set of itemswith respect to their associated construct being
assessed by examining the factor loadings of the items on the
model’s constructs, and (3) the discriminant validity that was
analyzed using an average variance extracted (AVE) indicator.
The PLS structural regression model was evaluated using path
coefficients, explained variance (R?), and effect size (f) for
each path segment of the model. In addition, bootstrapping

Table 2. Demographics of the health care aides (N=60).

Miguel Cruz et a

resampling was used to verify the statistical significance of the
path coefficients of the PLS structural regression model. We
used 5000 bootstrap subsamples [26]. The alpha level of
significance for each test was set at P<.05 (2-tailed).

The focus groups were digitally recorded and transcribed
verbatim, using thematic descriptive methods [31]. Thematic
analysis guided data analysis. The anayst (ER) began the
analysis by inductively generating codes that were refined as
the coding progressed. After the coding hierarchy was
developed, the key themeswere generated. During the analysis,
the analyst verified emergent codes and themes through
discussion with research team members.

Results

Participants

A total of 75 health care aides were invited to participate. Of
these, 15 (20%) did not respond to the invitation to schedule
thetraining session and administration of the demographic data
formand pretest. Inall, 60 (80%) health care aideswereenrolled
and completed the pretest. A health care aide took part in 2
weeks of the study but dropped out before the exit interview.
Thus, the final sample size, with completeinitial and exit data,
consisted of 59 health care aides. The fina number of
guestionnaires analyzed at the exit phase was for 59 health care
aides, representing 98% (59/60) of the cases.

Table 2 shows the demographics of health care aides. Their
average age was 45.16 (SD 8.97) years. The health care aides
had almost 8 years of work experience (mean 7.43, SD 4.74
years), and almost all were identified as female (59/60, 98%).
The health care aides reported high levels of comfort using
digital technologies (19.71, SD 1.18).

Values
Age and work experience, mean (SD)
Age (years) 45.16 (8.97)
Number of years of experience working as a health care aide 7.43 (4.74)
Level of comfort using digital technologies, mean (SD)
| am comfortable using a computer 4.95 (0.29)
| am comfortable using atablet 4.97 (0.18)
| am comfortable using a smartphone 4.84(0.62)
| am comfortable using the internet 4.95 (0.39)
Summative scale® 19.71(118)
Gender, n (%)
Female 59 (98)
Male 1(2
Nonbinary 0(0)
Transgender 0(0)

3Djsagree (1) to Agree (5). Summative scale—minimum to maximum: 4 to 25.
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Technology mSCS Acceptance and Usability:
Quantitativeresultsand Pre- and Posttest Comparisons

Table 3 shows the descriptive statistics and hypothesis tests
(paired t tests) of the technology acceptance of the mSCS in
terms of a summative scale (all the UTAUT construct items)
and for each UTAUT construct, respectively. Theresults shown
in Table 3 indicate that, overall, acceptance of the mSCS was

Miguel Cruz et a

high in the exit interviews, after the health care aides used the
mSCS. Overall, the health care aides' expectations regarding
their acceptance of the mSCS were met, as the means of the
summative score were >30, and there were no differences
between the initial and exit summative scores. These results
suggest that the health care aides would continue to use the
mSCS in the future if they were able to do so.

Table 3. Hedth care aides' level of technology acceptance using the Mobile Smart Care System summative scale per Unified Theory of Acceptance

and Use of Technology (UTAUT) construct (initial and exit comparisons).

UTAUT constructs Initial (n=60), Exit (n=59), Paired t test statistics (2-tailed; n=59)
mean (SD) mean (SD)
Pvalue  ttest (df) 95% Cl Effectsize  Power (%)

Performance expectancy 9.372(1.56) 9.07 (1.92) .32 1.003 (59) -0.298 t0 0.898 0.221 50

Effort expectancy 9.33 (1.45) 9.43(1.57) 72 -0.362(59)  -0.652t00452  0.090 20

Social influence 9.172 (1.59) 9.02 (1.82) 61 0517 (59) -0.430t00.730  0.117 33
Facilitating conditions 9.32% (1.49) 9.42 (1.59) 72 -0.356(59)  -0.662t00.462  0.090 20
Behavioral intention 9.27% (1.45) 9.23(1.79) .90 0.123 (59) -0507t00.573  0.032 21

Usage behavior N/AD 9.10 (1.96) N/A N/A N/A N/A N/A
Summative scale® 46.5 (6.96) 46.9 (5.46) 68 -0414(59)  -2510t01650  0.054 109

@Disagree (1) to Agree (5); 2 items per UTAUT construct; minimum summative scale: 2, maximum summative scale: 10.

BNI/A: not applicable.

®Minimum summative scale: 10, maximum summative scale: 50 (all of the Unified Theory of Acceptance and Use of Technology construct items).

Regarding the results for each UTAUT construct, according to
health care aides' responses, they believed the mSCS was useful
(high performance expectancy), easy to use (low effort
expectancy), fit with their needs (high facilitating conditions),
and the influence of others on their use was high. Importantly,
health care aideswould be willing to use the mSCSin the future
if they were able to do so (average intention to use the mSCS,
behavioral intention construct 9.27, SD 1.45; maximum 10). At
exit, the mSCS showed high levels of usability (average usage
behavior with the mSCS, USE [actua use] 9.10, SD 1.96). We
did not find any statistically significant differences between the
initial and exit summative scores for any of the UTAUT
constructs.

Technology mSCS Acceptance and Usability:
Multivariate Analyses (PLS Model)

As we did not find any statistically significant differences
between the initial and exit summative scores for any of the
UTAUT constructs, we ran only one PLS model (the exit
model). The bivariate analysis showed the health care aides
responsesrel ated to performance expectancy, effort expectancy,
social influence, behavioral intention, and usage behavior with

https://aging.jmir.org/2022/2/€37521

the mSCS. The constructs were independent of sex, age, level
of comfort using digital technologies, and years of experience
working as health care aides (M ultimedia Appendix 1).

The PLSresults for the structural model are shown in Table 4.
During the exit interview, we found, as the UTAUT model
predicted, a strong positive correlation between usefulness
(performance expectancy; performance expectancy — behaviora
intention, 3=.856; P=.004) and behavioral intention to use the
mSCS. However, contrary to what the UTAUT suggests, we
found that effort expectancy (degree of ease of use; effort
expectancy — behavioral intention, 3=—0.083; P=.57) and social
influence (socia influence— behavioral intention, P=.044;
P=.83) were not salient constructsfor intention to usethe mSCS.
In addition, asthe UTAUT model predicted, we found a strong
positive and statistically significant correlation between
behavioral intention to use the mSCS and usage behavior with
the mSCS (behavioral intention- usage behavior, [3=.789;
P<.001). Finally, we aso found that although the facilitating
conditions and usage behavior were positively correlated, as
predicted by the UTAUT model (ie, facilitating conditions—
usage behavior, $=.098; P=.47); this relationship was not
statistically significant in this study.
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Table 4. Determinants of behavioral intention and usage behavior regarding the Mobile Smart Care System (5000 bootstrap subsamples).

Path segment Health care aides (n=59)
p2 t test Statistics (df=59) P value 95% Cl §20 R R ajusted Power %
pPed _ BI® 0.856 2.906 .004 0.029t0 1.154 0.689 0.690 0.673 100
EE L BI -0.083  0.566 57 -0.313100.266  0.010 _9g — —
sh_ B 0.044 0.214 83 -0.201t00.600  0.002 — — —
Bl . UB! 0.789 7.672 <.001 0550t00.976 1474 0.748 0.739 100
FCl . UB 0.098 0.716 47 -0.146100.388  0.022 — — —

8path coefficients.

bEffect size.

®Explained variance.

dPE: performance expectancy.
€BI: behavioral intention.
fEE: effort expectancy.

9R2 (Rcwjuged) and power are calculated for constructs Bl (PE, EE, and S| contributes to the explained variance of Bl) and UB (Bl and FC contribute

to the explained variance of UB).
NSl: social influence.

iuB: usage behavior.

IFC: facilitati ng conditions.

PLSModel Validity and Reliability

Table 5 shows the results of the construct correlations and
descriptive statistics, ICR, Cronbach a, and AVE of the
constructs of the PLS. The square root of each AVE (shown on
the diagonal in Table 5) was greater than the related
interconstruct correlations in the construct correlation matrix,
indicating adequate discriminant validity for all the constructs.
All AVE values were >0.5, indicating good convergent validity
at the construct level [26]. All ICR and Cronbach a valueswere

https://aging.jmir.org/2022/2/€37521

RenderX

>.70, indicating good internal consistency at the construct level
[26]. The PLS models also showed that all item loadings were
statistically significant at the 0.001 level, and 100% of theitem
loadings were >0.70, indicating excellent values of convergent
validity at theindicator level [26] (see Table 6 for more details).

The explained variance (ie, R%) of the constructs of the PLS
model was 0.690 and 0.748 for behavioral intention to use the
mMSCS and actual usage behavior with the mSCS, respectively,
which appears to be strong according to the published criteria
[26].
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Table 5. Construct correlations and construct reliability and validity of the partial least squares structural regression model (n=59).

Construct  Values, mean®(SD)  ICR? Cronbacha  AVES BI¢ EE® Fcf PEY s uB!
BI 9.23(1.78) 0972 943 0946 (o739  _kK — — — —
EE 9.43 (L5) 0885 741 079%  (os69  osoll @ — — — —
FC 9.41 (L57) 0883 756 0791 o646 0899 0890 — — —
PE 9.06 (1.92) 0965 928 0932 (g8 o073 0792 0% «— —
Sl 9.01(1.82) 0916 .81 0845  oes55 0605 0606 0774 0919  —
uB 9.10 (1.96) 1000  1.000 1000 ose2 0562 0614 0806 0708 100

3Disagree (1) to Agree (5); 2 items per Unified Theory of Acceptance and Use of Technology construct; minimum summative scale; 2, maximum
summative scale: 10.

BICR: internal composite reliability.
CAVE: average variance extracted.
9B1: behavioral intention.

®EE: effort expectancy.

fFC: facilitati ng conditions.

9PE: performance expectancy.

NS): social influence.

iuB: usage behavior.

quuare root of AVEs reported along diagonal (Fornell-Larcker criterion).
K_: not applicable.

'p<.01.
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Table 6. Reliability and convergent validity of the partial least squares structural regression model—measurement model (n=59).

Construct and item Item loading t test (df=59) 95% CI ICR? AVEP Cronbach a

PEC 0.965 0.932 928
PE1 0.965 35.699¢ 0.884 t0 0.987
PE2 0.966 48.068° 0.909 to 0.988

EE® 0.885 0.794 741
EE1 0.884 6.300¢ 0.446 t0 0.965
EE2 0.899 13,7749 0.828 to 1.000

gf 0.916 0.845 821
si1 0.947 41.169% 0.891t00.984
S 0.897 12.970¢ 0.693 to 0.954

FcY 0.883 0.791 756
FC1 0.950 24,337 0.896 t0 0.993
FC2 0.824 6.810° 0.485t0 0.953

gih 0.972 0.946 943
BI1 0.972 32 2784 0.900 to 0.993
BI2 0.973 46.060% 0.909 to 0.993

UB! 1.000 1.000 1.000
uB1 Deleted N/A] N/A
uB2 1.000 N/A N/A

3 CR: internal composite reliability.
bAVE: average variance extracted.
CPE: performance expectancy.
dp<.01.

®EE: effort expectancy.

fSI: social influence.

9FC: facilitating conditions,

MBI: behavioral intention.

iuB: usage behavior.

IN/A: not applicable.

Technology M SCS Acceptance and Usability:
Qualitative Results

Focus Groups

Of 59 health care aides who completed the exit questionnaire,
12 (20%) participated in thefocus group. The health care aides
average age was 46.83 (SD 7.5) years, they had aimost 9 years
of work experience (mean 9.01, SD 4.08 years), and almost all
identified as female (11/12, 92%). The following themes
emerged from the qualitative data analysis: (1) the mSCS is
useful, (2) the mSCS s portable and reliable, and (3) there are
still opportunities for improvement.

ThemSCS | s Useful

Most health care aides valued the usefulness and relative
advantage of the mSCS in their daily lives, compared with not

https://aging.jmir.org/2022/2/€37521

using an electronic system to access care plans and tasks. Health
care aidsidentified that the mSCS saved time, “because we can
document right away whatever we observed the resident, rather
than paperwork and it takestime” (participant HCA1P2). They
also stated that using the system is “faster than handwriting,”
and “ prevents spelling errors’ (participant HCA1P6). Using the
mMSCS on atablet was convenient and allowed for multitasking,
as described in the statement by participant HCA2P1 “[you]
can just bring this along [the tablet] with the resident when
we're waiting for them.” The mSCS was informative when
health care aides completed care tasks. For example, according
to participant HCA1P2, “If residents, are new, | can check in
the system [mSCS]. | can check the care plan and about their
status. So | don’'t even ask my co-worker...” Having aresident’s
medical history that was easily accessible was useful for quick
reference. This was especidly true for new staff, such as
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participant HCA2P3, who stated, “If we have new clients, we
have the reporting time [that] sharestheinformation for the new
client.”

ThemSCS|sPortable and Reliable

Most health care aides valued having the mSCS on atablet, as
it madeit portable and reliable. Regarding portability, participant
HCA2P2 commented, “It's very handy, you can carry it
anywhere.” Some health care aides also believed that having
themSCSon atablet alowed better accessibility to the* system”
in comparison with having the information in a point-of-care
system located on a computer at the nurse's station. By
reliability, the participants meant that they only needed to wait
for ashort time for connection to save their data. For example,
participant HCA2P3 mentioned “And the system won't hang
up. You can just go straight forward. In between it won’'t break
down...”

There Are Still Opportunitiesfor | mprovement

Most health care aides mentioned that the mSCS user interface
was easy to understand and enter information; however, many
of its aspects needed to be improved. For example, participant
HCA1P3 stated that they faced some “interface issues’:

...thelittle dotsto input the selection [are a very small
interface]. It probably should be a bigger block so
you can easily click it because sometimeswhen you're
clicking it clicks [and you go] onto the different
[placed] ... [and it causes] a wrong selection...

Participant HCA2P3 stated that the font size needed to be
enlarged “because we are aging.” The headlth care aides
mentioned that visua indicators or aids, such as color, could
help to quickly and easily confirm that information was entered
correctly. The lack of these interface elements led to incorrect
documentation and sometimes made the mSCS confusing to
use. For example, HCA2P4 stated the following:

There's lots of dates. And we' ve been confused with
those dates because, oh, | haven't started this thing,
how come the date is here?

Finally, although the health care aides appreciated the simplicity
of the fields when they were entering information, an option to
include more detailed information was strongly recommended.

Discussion

Principal Findings

In this study, we aimed to investigate the technol ogy acceptance
and usability of amobile app in areal-world environment used
by health care aides who provide services to older adults. We
found that (1) the acceptance of the mSCS was high among
health care aides, (2) the performance expectancy construct was
the only predictor of intention to use the mSCS, and (3) the
intention to use the mSCS predicted usage behavior with the
MSCS. The qualitative data supported the quantitative findings,
showing the health care aides' strong belief that the mSCS was
useful, portable, and reliable; athough, they also suggested
opportunities for improvement, especially in the mSCS user
interface. Overall, these results support the assertion that mSCS

https://aging.jmir.org/2022/2/€37521
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technology acceptance and usability were high among health
care aides.

We found that the performance expectancy construct was a
predictor of intention to use the mSCS. In other words, the
health care aides accepted the mSCS because it improved their
ability to care for their clients. This finding is consistent with
the results of previous studies on the application of UTAUT in
mHealth, health, rehabilitation, and assistive technologies
[28,32,33]. Lim et a [32] found that performance expectancy
had a significant influence on primary care physicians
acceptance of mHealth technology (ie, use of mHealth appsto
support their clinical work). Liu et al [28] revealed that
performance expectancy had a significant influence on the
acceptance of GPS technology among people living with
dementiaand family caregivers. Finally, Liu et a [33] reported
that performance expectancy was the most significant factor in
new technologies for rehabilitation acceptance.

Health care aides had the perception that mSCS assisted their
workflows. Qualitative and quantitative analyses showed that
the perception of usefulness and relative advantage of the mSCS
in health care aides daily work, and the workflow was superior
compared with not using an electronic system. The usefulness
and rel ative advantage of themSCS arerelated to documentation
and charting tasks. In other words, as the health care aides
believed that the mSCS saved time with documentation and
charting tasks, resulting in more time to provide care to older
adults.

Effort expectancy was not afactor affecting intention to use the
mSCS. Infact, although not statistically significant, we obtained
a negative correlation between effort expectancy and intention
to usethe mSCS. This meant that the health care aides perceived
someissues regarding mSCS use, athough they would continue
to use this technology if they are able to do so. This result is
consistent with that of previous studies [33-36]. Liu et a [33]
found that effort expectancy was not a significant factor in the
acceptance of new technologies for rehabilitation. A
meta-analysis conducted by Taiwo and Downe [34] reported
that the effects of effort expectancy on intention to adopt were
weak or had no significance. Braun [35] found support for the
premise that users effort expectancy partially predicted their
intention to use socia networking websites [35]. Asfar as our
study is concerned, the fact that effort expectancy was not a
factor in the intention to use the mSCS may have different
explanations. The most plausiblereason for thisisthat themSCS
user interface still requires improvement. Comments from the
health care aides during the focus groups revealed that they
“experienced difficulties completing the report due to alack of
options[inthe user interface],” and sometimes they encountered
“interface issues.”

Inthisstudy, social influence was not afactor affecting intention
to use the mSCS. In other words, the health care aides were not
influenced by the degree of difficulty or social pressure from
their colleagues or supervisors toward using the mSCS. Asis
evident in the literature, the role of social influence on
behavioral intention to use technologies has mixed results. In
some studies, social influence was a factor that affected the
intention to use the technologies under study [28], whereasin
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other studies, this was not the case [23,33]. The meta-analysis
conducted by Taiwo and Downe[34] revealed small effect sizes
for social influence, showing conflicting evidence that social
influence is salient for technology acceptance. Future research
on technology acceptance should continue to explore whether
socia influence affects intention to use technol ogies.

The combined results of performance expectancy, effort
expectancy, and socia influence on intention to use the mSCS
suggest the following: in a nonmandatory health care setting,
no matter how difficult it is to use the mSCS, or whether there
is external socia pressure to use the mSCS, health care aides
will only accept the mSCS if they perceive it will help them
attain their goals at work.

We found that facilitating conditions did not affect usage
behavior in the mSCS. Thisfinding was surprising, as previous
studies in the areas of eHealth, mHealth, and assistive and
rehabilitation technol ogies have consi stently found the opposite
[23,28,33,37,38]. One possible reason we obtained this result
is because the technology under study was used under ideal
conditions, that is, we had a dedicated project coordinator who
served as an intermediary between the health care aides and the
technology provider (ie, Clinisys EMR Inc), which meant that
issues with use were immediately resolved, and we had a
dedicated nurse manager who inputted ol der adults’ information
into the mSCS. These 2 conditions may not have allowed the
health care aides to experience the importance of having good
technical support, as they did not have to interact with the
service provider.

Finally, wefound that intention to use predicted usage behavior
with the mSCS. This result supports the core tenets of the
UTAUT model, that is, if health care aides have the intention
to use the technology (ie, mSCS), they will use it if they are
ableto do so. In more concrete terms, the mSCS was accepted,
and as aresult, it would be adopted by health care aides.
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Limitations

This study has 5 limitations. First, as this study was conducted
in only onelong-term care facility, it represents a starting point
for investigating the crucial factors that influence health care
aides' intention to adopt a mobile app and usage behavior of a
mobile app. Consequently, we caution against generalizing our
results to other health service providers as well as other
long-term carefacilities. Second, all but one of our participants
were identified as female (59/60, 98%). In the future, it would
beideal to have an equal number of men and women represented
in the data analyses to examine gender differences. Third, the
health care aides who returned the technology acceptance and
usability questionnaire might have been inclined to prefer the
mSCS and, thus, were willing to fill out the questionnaire.
Fourth, the results of our pre- and posttest for our variables
resulted in a statistical power that was lower than the
conventional cutoff value of 0.80. Thus, future studies should
pursue larger sample sizes when the effect size is low. Fifth,
we did not record the cultural or language demographic
characteristics of the health care aides, asaresult, we are unable
to assert whether cultural or language factors affect the
technology acceptance and usability of the mSCS for this
population. Finally, we experienced a ceiling effect (ie, most
of the values obtained for our constructs approached the upper
limit of the technology acceptance and usability questionnaire).
Thus, in future studies, it would be reasonable to use a 7-point
Likert scale in technology acceptance and usability studies,
especialy when the scaleis new.

Conclusions

Thisstudy clearly showed that mSCSwas accepted by the health
care aides. The study also surpassed expectations regarding the
technological acceptance of the mSCS, which were found to
have been met for all the health care aides. In conclusion, the
results suggest that health care aides would continue to use the
mSCS if they were able to do so. The health care aides found
the mSCS to be useful, portable, and reliable. They perceived
that mSCS addressed the workflow issues.
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Abstract

Background: Short-term fall prediction models that use electronic health records (EHRs) may enable the implementation of
dynamic care practices that specifically address changes in individualized fall risk within senior care facilities.

Objective: The aim of this study is to implement machine learning (ML) algorithms that use EHR data to predict a 3-month
fall risk in residents from a variety of senior care facilities providing different levels of care.

Methods: This retrospective study obtained EHR data (2007-2021) from Juniper Communities’ proprietary database of 2785
individuals primarily residing in skilled nursing facilities, independent living facilities, and assisted living facilities across the
United States. We assessed the performance of 3 ML-based fall prediction models and the Juniper Communities' fall risk
assessment. Additional analyses were conducted to examine how changes in the input features, training data sets, and prediction
windows affected the performance of these models.

Results: The Extreme Gradient Boosting model exhibited the highest performance, with an area under the receiver operating
characteristic curve of 0.846 (95% Cl 0.794-0.894), specificity of 0.848, diagnostic odds ratio of 13.40, and sensitivity of 0.706,
while achieving the best trade-off in balancing true positive and negative rates. The number of active medications was the most
significant feature associated with fall risk, followed by a resident’s number of active diseases and several variables associated
with vital signs, including diastolic blood pressure and changes in weight and respiratory rates. The combination of vital signs
with traditional risk factors as input features achieved higher prediction accuracy than using either group of features alone.

Conclusions: This study shows that the Extreme Gradient Boosting technique can use a large number of features from EHR
data to make short-term fall predictions with a better performance than that of conventional fall risk assessments and other ML
models. The integration of routinely collected EHR data, particularly vital signs, into fall prediction models may generate more
accurate fall risk surveillance than modelswithout vital signs. Our data support the use of ML modelsfor dynamic, cost-effective,
and automated fall predictionsin different types of senior care facilities.

(IMIR Aging 2022;5(2):€35373) doi:10.2196/35373

KEYWORDS

vital signs; machine learning; blood pressure; skilled nursing facilities; independent living facilities; assisted living facilities; fall
prediction; elderly care; elderly population; older adult; aging
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Introduction

Background

Falls are a serious and complex safety concern, leading to
mortality, morbidity, and increased health care costs associated
with aging. Accidents are the fifth leading cause of death in
older adults, and falls account for two-thirds of all accidental
deaths [1]. Individuals who live in institutions fall more often
(1.5 falls per bed per year) than community-living individuals,
of whom the latter are generally healthy older people [1].
Between these 2 groups, it isestimated that 60% will experience
a fal each year [2]. Most fals have a multifactorial origin.
Previously reported fall risk factors include gait impairment,
balance impairment, age, sex, cognitive decline, diminished
vision, fall history, medications that affect the central nervous
system, and several comorbidities [3-10]. Current fall risk
profiles in nursing homes rely primarily on strength, gait, and
balance measures [11]. Freguent administration and
quantification of instruments that consider comprehensive risk
factors create a challenge both in terms of impeding workflow
and interpreting results. Evidence for the best choice for fall
risk assessment in long-term facilitiesremainslimited [2,12,13].

Electronic health records (EHRS) contain routinely collected
real-time information that represents most fal risk factors and
thus offer the potential for dynamic surveillance of senior
residents in long-term facilities to identify short-term fall
triggers. Although the wide range of fall risk factors embedded
in EHR data poses methodological challengesto most traditional
statistical approaches, machine learning algorithms (MLAS)
can screen amultitude of interacting risk factors from big data.
Machine learning (ML) is a subfield of artificial intelligence
that can use sample datato build amodel for predicting future
outcomes or identifying hidden patterns of intrinsic structures
within input data without explicit programming or data
engineering. The two most commonly used ML methods are
supervised and unsupervised learning. Supervised learning trains
algorithms based on labeled training data, whereas the
unsupervised learning approach does not require labeled training
and can find structures within the data. Several EHR-based
MLAs have been developed for fall risk predictions in
hospitalized patients [14-18]. Few studies have explored the
utility of ML approaches for senior residents in
community-dwelling or long-term assisted living facilities
[19-23]. Here, we developed an EHR-based supervised ML
model using a gradient boosting (Extreme Gradient Boosting
[XGBoosting]) algorithm to evaluate fall incidents within a
3-month window. By implementing advanced MLAs on EHR
data from different types of long-term care facilities, we
expected that our model would uncover the impact of a wide
range of clinical and pathophysiological fall predictors across
heterogeneous cohorts. We aso hypothesize that these MLAS
will outperform traditional fall risk assessments and standard
ML techniquesthat are less compatible with EHR datain terms
of dealing with missing dataand classimbalances. Our previous
studies with EHR data have shown that XGBoosting
outperforms other ML models, such as logistic regression and
simple forms of neural network-based models [24].

https://aging.jmir.org/2022/2/e35373
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Asmost residents at long-term care facilities are at heightened
risk of falls, more accurate short-term risk predictions would
help identify individualswho may require more assistance with
daily activities and enable care practices that are tailored to
address short-term changes in fal risk and provide more
dynamic fall risk profiles of residents for staff. Although
previous research has primarily focused on identifying factors
that increase the risk of falls, special emphasis must be placed
on identifying factors that can reduce fall risk. In this context,
itiscritical to explore both the positive and negative associations
between individual predictors and fall risk.

Objective

The primary objective of this study is to determine the utility
of ML in predicting short-term falls in long-term senior care
settings and determine whether performance accuracy remained
consistent in different types of facilities that are characterized
by different levels of residents frailty and staff care
(independent living, assisted living, and nursing homes). The
inclusion of various measurements associated with vital signs,
in addition to traditional risk factors that are incorporated into
standard fall risk assessments, was one of the key designs of
our ML models. Vital sign measures, such as blood pressure
and respiratory rate, are dynamic parameters that reflect
real-time changes in physiological function because of aging,
frailty, different diseases, and treatments[25]. Although changes
invita signsare recognized as potentia precursorsto falls[26],
the predictive value of these variables for fall risk in long-term
senior care facilities has not been fully explored.

Methods

Data Source and I nclusion and Exclusion Criteria

This study used data collected from a proprietary database
containing EHR data from senior living communities (Juniper
Communities, LLC) in the United States. The Juniper facilities
included in this study were skilled nursing facilities, independent
living facilities, assisted living facilities, and other non-major
facilities without specific designations. Data were extracted
from 2007 to 2021. Data were deidentified in compliance with
the Health Insurance Portability and Accountability Act. As
this study constituted nonhuman participants research per 45
Code of Federal Regulations 46.102, institutional review board
approval was not required. Initially, the Juniper EHR contained
datafrom 2785 residents. Thefirst step of the filtration process
removed residentswho did not have the first measurement time,
the last measurement time, or any EHR data, including
diagnostic codes. We then excluded all residents age <60 years.
Finally, we removed all residents who did not have at least 1
month of data available before the MLA runtime, defined as
thetime at which our algorithm predicted afall. Figure 1 shows
the participant inclusion and exclusion diagram.

Participants and fall incidence (positive cases) were identified
according to both the International Classification of Diseases
(ICD), Ninth Revision, and the ICD, Tenth Revision, as the
EHR included resident data from October 2015. These codes
included W00-W119 and R29.6 [27]. For aportion of the study
cohort that did not have fall ICD codes, fall incidences were
identified from string searching progress noteswith fall-related
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strings, such as “fall” and “on the floor.” To meet the gold
standard definition of our study, the fall had to occur within a
3-month period before the last measurement, asshownin (Figure
2A). The last measurement time was defined as the time at
which data were collected from the resident. We used the
distribution of the time differences between the fall incidents
and the last measurement time (Figure 2B) of our cohort as a

Thapaet a

guideline for selecting the prediction window. We determined
that the selection of a 3-month prediction window offered a
good trade-off between maximizing the number of positive
cases; that is, participants who experienced a fall within the
given time while remaining within areasonably short prediction
window. A shorter prediction window reduces the number of
positive cases, leading to a more imbalanced data set.

Figure 1. Participant encounter inclusion and exclusion diagram. EHR: electronic health record.
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Figure2. (A) Study designtimeline. (B) Selection of the optimal prediction window based on the distribution of thefall incidencetime. EHR: electronic

health record.
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We conducted a literature search to gather previously reported
fall risk factors and determine whether they could be identified
within the EHR system based on relevant ICD codes, string
searches, or keyword queries. We included several major risk
factors such as age, sex, previous fal history, weakness,
dizziness, cognitiveimpairment, dementia, depression, impaired
mobility, and gait or balance abnormalities [3,28,29]. The fall
history was included as the time difference between the MLA
runtime and the most recent history of falls normalized to a
year. In addition to dementia, depression, and mood disorders,
weincluded other comorbidities[30] and medicationsimplicated
in fall risk [31-33] (Table S1 in Multimedia Appendix 1).
Medications included benzodiazepines [9,34], antiepileptics
[35], angiotensin-converting enzyme inhibitors [32],
antidepressants 9], antipsychotics[36], narcotics[37], diuretics
[36,38], B-blockers [39], antihistamines [33], neuromuscular
blocking agents [40], calcium channel blockers [32],
antiarrhythmics [41], sedatives, and hypnotics [9]. The
participants’ vital sign measures and laboratory results were
gueried using the key namesin the EHRs. The complete list of
features and associated ICD codes can be found in Tables S1
and S2 in Multimedia Appendix 1. The feature importance
metric was used to presel ect the best festuresfor the ML models,
reducing the number of featuresfrom 250 to 68. Bolded features
in Table S1 in Multimedia Appendix 1 are those that were
preselected on the feature importance metric. These features
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included age, sex, specific vital sign measurements (diastolic
and systolic blood pressure, heart rate, respiratory rate, and
temperature), specific physical and movement features (height,
weight, history of fals, and lower extremity fracture or
dislocation), specific comorbidities (hypertension, chronic heart
failure, stroke and cerebrovascular, and number of active
diseases), and medications (benzodiazepines,
angiotensin-converting enzyme inhibitors, antiepileptic and
anticonvulsants, and total number of active medications). In
addition to feature importance, the Shapely Additive
Explanations (SHAP) analysis enhances the interpretability of
the model by showing positive and negative associations and
their strengths between individual features and fall risk.

For vital sign measurements, 4 months of datawere used before
the algorithm runtime. We filtered out data (vital signs and
laboratory measures) that were identified as extreme outliers
using the physiological minimum and maximum values. After
removing these outliers, summary statistics, including minimum
(min), maximum (max), mean, standard deviation (SD), last
measurement (last), and the number of measurements (number),
were used as input features. We calculated the summary
statistics of the patient data over the last 1 month. Features
related to comorbidities or medications were added as either
previous or current comorbidities and medications. Given that
our datadid not provide structured information about medication
dosage, we were not able to include dosage as an input feature.
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Comparison With Standard of Care

An interna fall risk assessment conducted by Juniper
Communities staff served as a comparator. Participant scores
(0-25) were talied from several items, including the level of
consciousness or mental status, history of fall, ambulation
elimination, vision, gait, balance, medications, systolic blood
pressure, and previous predisposition (eg, vertigo, obesity,
osteoporosis, or Parkinson disease).

ML Model

Our primary model, XGBoosting, was a gradient boosting
algorithm [42] implemented in Python [43]. XGBoosting
combines the results from various decision trees to obtain the
prediction scores. Within each decision tree, the resident
population was split into successively smaller groups, as each
tree branch divided the residents who entered it into 1 of 2
groups based on their covariate value and a predetermined
threshold. Fall residents were represented at the end of the
decision tree, which were a set of leaf nodes. After the
X GBoosting model wastrained, successive treeswere developed
to improve the accuracy of the model. Successive iterations of
trees use gradient descent on the prior trees to minimize the
error of the next tree that was formed. XGBoosting has been
shown to exhibit excellent performance for a wide range of
classification problemsin acute and chronic conditions [44-48].
For comparison with the structurally complex XGBoosting
model, logistic regression and multilayered perceptron models
were also trained and tested. A multilayered perceptron is a
common network architecture with feed-forward neural
networks composed of several layers of nodes with
unidirectional connections. Unlike the XGBoosting model,
logistic regression and multilayered perceptron models are
unable to incorporate missing data; therefore, the median of
observation was used for imputation of the features. In addition,
we standardized our data for both the logistic regression and
multilayered perceptron models. All the 3 models were trained
using the same 68 inputs. The development environment of our
MLAs (software package, library, and version) is summarized
in Table S3 in Multimedia Appendix 1.

We used a standard approach to train ML models. We
partitioned the data set into a train:test ratio of 80:20 with
stratified sampling because the positive class was relatively
small with respect to the negative class. Both the training and
test setsincluded arandom mix of all four types (skilled nursing
facilities, assisted living facilities, independent living facilities,
and others) of long-term facilitieswithin Juniper Communities.
All the models underwent hyperparameter selection using a
5-fold cross-validation grid search. The optimization of
hyperparameters was confirmed by evaluating the area under
the receiver operating characteristic (AUROC) curve for
different combinations of hyperparametersincluded in the grid
search. For X GBoosting, the optimization parameters were the
maximum tree depth, regularization term (lambda), scale
positive weight, learning rate, and number of estimators. The
scale positive rate can be readily optimized within the
XGBoosting algorithm to handle class imbalance in the data
set (alower number of residents who experienced a fall). We
used a parameter space of (4, 6, 8, 10) for tree depth, (0.5, 1.0,
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2,3)forlambda, (1, 3,5, 7, 9, 11, 13) for scale positive weight,
(0.0001, 0.001, 0.01, 0.1) for learning rate, and (50, 75, 100,
125, 150, 500) for the number of estimators. The XGBoosting
model used 6, 1.0, 13, 0.001, and 75 as the optimized values
for the aforementioned parameters. For logistic regression, the
optimization parameters were the penalty term, class weight,
optimization problem solver, and inverse of regularization
strength. The optimization parameters of the multilayered
perceptron model included the maximum iteration, hidden layer
size, and learning rate. For the logistic regression and
multilayered perceptron models, missing values were handled
using variousimputation approaches. Missing measures of vital
signs were imputed using the forward and backward filling
approaches. For al other features, the mean measurement of
the features across al the training set data was used for the
imputation. For the logistic regression model, the inputs were
scaled using astandard scaler from scikit-learn. The optimization
algorithms for the logistic regression model included the
limited-memory Broyden-Fletcher-Gol dfarb-Shanno algorithm
and L2 regularization. The multilayered perceptron model
incorporated ahidden layer of size 250. The convergence of the
solver iteration was determined either by reaching a maximum
number (100) of iterations or by reaching a value of 1e-9 for
the tolerance optimization parameter. All other parameterswere
kept at default values from the scikit-learn multilayered
perceptron classifier. The performance of each model was
assessed against the test data set with respect to the receiver
operating characteristic (ROC) curve, sensitivity, and specificity.
The confidence intervals (Cls) for these metrics were
constructed using 1000 bootstrapped samples. SHAP [49]
analysis was performed to evaluate the feature importance.

Exploratory Analyses

Several exploratory analyses were conducted in this study. In
the first experiment, we examined how the performance of the
XGBoosting, logistic regression, multilayered perceptron, and
comparator changed after reducing the prediction window to 2
months. We conducted a secondary experiment in which we
separated the training and testing sets based on the type of
facility (skilled nursing, independent living, and assisted living
facilities). Inthefirst case, datafrom the skilled nursing facility
were used asthetesting set, whereas datafrom all other facilities
were used for model training. Inthe second case, assisted living
facility data were used as the testing set, whereas data from all
other facilitieswere used for model training. Owing to the small
number of positive cases, independent living facilitieswere not
tested separately. We conducted a third experiment in which
we modified the input features of all 3 ML models to evaluate
their impact on the model performance. First, we removed vital
signs from the input features. Then, we included only the vital
signs and demographic information (age and sex) and removed
all other features, such asfall history, comorbidities, and medical
conditions.

Results

Data Set Characteristics

In total, 2785 residents were included in this study, of whom
153 (153/2785, 5.49%) fell within the 3-month prediction
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window of our algorithm, as defined by our gold standard. The
number of women was approximately twicethat of men. Group
differences were calculated using an exact binomial test for
noncontinuous variables and 2-tailed Welch t test for continuous
variables to handle the unequal variance associated with the 2
groups. The fall incidents varied among the types of facilities
(Table $4 in Multimedia Appendix 1). Skilled nursing facilities
had the highest (49/489, 10%) and independent living facilities
had the lowest (5/69, 7%) fall incidents. Table S5in Multimedia
Appendix 1 summarizes the demographic and diagnostic
information for nonfall residents (negative cases, age: mean
85.7, SD 9.5 years) and fall residents (positive cases; age: mean
86.6, SD 8.2 years).

M odel Performance

The complete list of performance metrics for the MLAs and
comparator is shown in Table 1. The ROC curves for the hold
out test set are shown in Figures 3A and 3B. The XGBoosting
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model exhibited the highest performance with an AUROC of
0.846 for the prediction of falls within the next 3 months. The
logistic regression model and the multilayered perceptron model
demonstrated AUROCS of 0.711 and 0.697, respectively. The
comparator (Juniper fall assessment) had an AUROC of 0.621.
We selected an operating sensitivity of 0.70 for all 3ML models
and 0.35 for the comparator (based on the Juniper fall risk score
threshold). The feature importance plot (Figure 4) shows the
most important XGBoosting features, including the number of
active medications, number of active diseases, SD of weight,
mean diastolic blood pressure, and SD of respiratory rate.
Younger age, lower weight fluctuations, and a larger number
of active diseases were associated with a lower fall risk. A
higher number of active medications was associated with a
higher risk of falls. A higher mean value of diastolic arterial
blood pressure (DiasAB) and higher fluctuationsin respiratory
rate were associated with lower fall risk.

Table 1. Performance metrics and 95% confidence intervals (Cls) of the gradient-boosted decision trees model (Extreme Gradient Boosting) with the
top 68 features, the Juniper fall risk assessment score, and other machine learning models (logistic regression and multilayered perceptron) for the

3-month prediction of fall.

Variable Extreme Gradient Boosting

Logistic regression Multilayered perceptron  Juniper fall risk

Areaunder thereceiver operating charac-
teristic curve (95% CI)

0.846 (0.794-0.894)

0.711 (0.645-0.773)  0.697 (0.624-0.765) 0.621 (0.547-0.693)

Sensitivity (95% ClI)
Specificity (95% CI)

0.706 (0.577-0.833)
0.848 (0.809-0.888)

Positive likelihood ratio 4.647

Negative likelihood ratio 0.346

Diagnostic odds ratio (95% ClI) 13.400 (6.026-29.796)

True positive 24
True negative 268
False positive 48
False negative 10
F12 0.393

0.706 (0.553-0.859)
0.614 (0.560-0.668)
1.828

0.479

3.816 (1.764-8.256)
24

194

122

10

0.262

0.706 (0.571-0.833)
0.612 (0.566-0.657)
1.813

0.481

3.766 (1.741-8.147)
24

193

123

10

0.248

0.351 (0.217-0.485)
0.883 (0.854-0.911)
3.014

0.733

4.113 (1.881-8.995)
12

279

37

22

0.289

8F score is defined as the harmonic mean between precision and recall.
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Figure 3. Row 1: Receiver operating characteristic (ROC) curves of the Extreme Gradient Boosting (XGBoost) model for three-month prediction
compared with (A) the Juniper fall risk assessment and (B) other machine learning ML models. Row 2: ROC curves of the XGBoost model for a
two-month prediction window compared with (C) the Juniper fall risk assessment and (D) other ML models. Row 3: ROC curves across different
facilities. (E) Skilled nursing facility separated as atesting set and (F) Assisted living facility separated as atesting set. AUROC: areaunder the receiver
operating characteristic; ML: machine learning; MLP: multilayered perceptron; LR: logistic regression.
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Figure4. Feature correlationsand distribution of featureimportance for the Extreme Gradient Boosting (X GBoost) model at the three-month prediction
window. The y-axis on the SHAP plot presents the features in order of importance from top to bottom. The SHAP values on the x-axis quantify the

magnitude and direction in which each feature impacts the model prediction. SHAP: Shapely Additive Explanations.
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Reduction of Prediction Window

The ROC curvesfor the 2-month prediction window on the hold
out test set are presented in Figures 3C and 3D. The XGBoosting
model exhibited the highest performance with an AUROC of
0.753. The logistic regression and multilayered perceptron
models demonstrated AUROC of 0.690 and 0.678, respectively.
The AUROC associated with the Juniper fall risk assessment
score was 0.582. Table S6 in Multimedia Appendix 1 presents
additional performance metrics. Figure S1 in Multimedia
Appendix 1 showsthe X GBoosting SHAP plot for the 2-month
prediction window.

Separating Training and Testing Data Set by Facility
Type

The EHR data set used in this study contained datafrom various
care facilities. As part of the post hoc analyses and external

https://aging.jmir.org/2022/2/e35373

RenderX

validation, we separated the training and test sets based on
facility type. The ROC curves for the models are shown in
Figures 3E and 3F, showing that the XGBoosting AUROCs
were higher than all other predictorsfor both the skilled nursing
facility (0.716) and assisted living facility (0.740) test sets.

M odifying Input Features

The ROC curves associated with the modified input features
(3-month prediction window) are shown in Figure 5. When all
variables related to vital signs were removed, the X GBoosting
model maintained the highest performance with an AUROC of
0.772. Similarly, when using only demographic information
(age and sex) and vital signs asinput features, the XGBoosting
model achieved the best performance, with an AUROC of 0.765.
The SHAP plots of the models with the modified features are
shown in Figures S2 and S3 in Multimedia Appendix 1.

JMIR Aging 2022 | vol. 5 | iss. 2 | €35373 | p.59
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

Thapaet a

Figure5. (A) Comparison between receiver operating characteristic (ROC) curves of Extreme Gradient Boosting (X GBoost) without vital signs and
Juniper thefal risk model. (B) Comparison between ROC curves of X GBoost and other machinelearning ML modelswithout vital signs. (C) Comparison
between ROC curves of XGBoost using only demographic information (age and sex) and vital signs and the Juniper fall risk model. (D) ROC curve of
three ML models using demographic information and vital signs. AUROC: area under the receiver operating characteristic;, ML: machine learning;

MLP: multilayered perceptron; Logistic: Logistic Regression.
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We developed an EHR-based ML model for short-term fall
prediction in different long-term care facilities. Initialy, 250
features were extracted from the EHR data, although only 68
features passed theinitial selection processbased on the feature
importance metric. These features were used to train the final
XGBoosting, logistic regression, and multilayered perceptron
models. Using individual data collected from the residents
EHR system, XGBoosting outperformed the Juniper fall risk
assessment tool, which yielded only an AUROC of 0.621 versus
0.846 for X GBoosting. X GBoosting achieved a good trade-off
in balancing the true positive and true negative rates (Table 1),
outperforming the 2 other baseline ML modelsin both metrics.
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Best EHR-Based Featuresfor Fall Prediction

Unlike standard fall risk assessment tools, MLA models can
flag the importance of individual variables in predicting fall
risk. The number of active medications was identified as the
most significant feature associated with ahigher fall incidence,
followed by aresident’s number of active diseases and weight
changes. The impact of the number of medications on fall
incidents has been reported by previous observationsin nursing
homes, demonstrating that fall risk is associated with
polypharmacy regimensthat include at |east onefall-increasing
drug [41]. The 68 selected (out of 250) best features included
severa well-established fall risk factors, such asage, sex, history
of falls, benzodiazepine, and antiepileptic medications. Except
for the number of active medications, active diseases,
hypertension, weight, and age, all other featureswith the highest
ranking were measurements of vital signs, which were not used
in the Juniper fall assessment. The most significant vital sign

JMIR Aging 2022 | vol. 5 | iss. 2 | €35373 | p.60
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

measure was mean diastolic blood pressure, with higher values
inversely correlated with fall risk. Given that most of our study
participants were women, this finding is also in line with a
previous study on the relationship between blood pressure and
fallsin community-dwelling adults aged =60 years [50], where
anincrease in diastolic and systolic blood pressure reduced the
risk of falls in women. The negative correlation between the
number of active diseases and fall risk was likely because of
the expected mobility restrictions of residents with multiple
concurrent comorbidities. Separating weakness, dizziness, and
unsteadiness due to other comorbidities did not affect the
performance. Including the difference between consecutive vital
sign measurements as individual features also did not improve
the performance; therefore, we removed these featuresfrom the
feature matrix to simplify our model.

Reduction of Prediction Window

Although the performance of all 3 MLASs and the comparator
risk stratification tool used by Juniper relapsed after reducing
the prediction window to 2 months, the XGBoosting model
continued to exhibit the highest performance. The observed
performance decline associated with the 2-month prediction
window was likely because of the lack of data, asillustrated in
Figure 2B (loss of positive cases from 153 to 80). The optimal
prediction window (3 months) was selected based on the
frequency of the data present in the EHR. Owing to the
importance of vital signs in predicting short-term fall risks,
more frequent and consistent collection of these variables may
allow shorter prediction windows without losing accuracy.

External Validation

In addition to our primary model, which used EHR data from
various facilities for training and testing, we explored other
models in which one of the facilities was excluded from the
training set but used for external validation. In both test cases,
the XGBoosting-based model outperformed other ML
algorithms. The XGBoosting AUROC in the assisted living
facility test case was dightly higher (0.740) than that in the
skilled nursing facility test case (0.716). This difference may
be explained by the presence of a wider range of medication
and comorbidities and more frequently measured vital signsin
skilled nursing facility residents, making this cohort potentially
a better training set for other facilities with fewer disabilities
and medical conditionsin their residents. In general, individuals
living in skilled nursing facilities demand a higher level of
nursing care and assistance with their daily activities than
residents in assisted living communities or independent living
facilities. In this study, the skilled nursing facility fall incidents
were approximately 1.4 times higher than those of independent
living facility fall incidents, which is consistent with previous
epidemiological reports[28].

Impact of Vital Signs

Several previous studies have identified history of falls as one
of the most prominent risk factorsfor falls[51,52]. In our cohort,
the history of fals was among the 68 preselected features,
although it did not always rank among the top 20. When
removing vital signs from the input features, fall history, lower
extremity fractures, dizziness, and vertigo appeared among the
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top-ranking features. Moreover, our findings suggest that the
combination of vital signs with traditional risk factors can
achieve higher prediction accuracy than using either group of
features alone.

Implications of Findings

The Centers for Medicare and Medicaid Services facilities are
required to complete a fall risk assessment upon residents
admission, using the minimum data set (MDS) tool. Given that
reassessments are not conducted frequently [53-55], changes
in aresident’s fall risk status may not be detected in atimely
manner. The United States Centers for Disease Control has
established the Stopping Elderly Accidents, Deaths & Injuries
program [56] to evaluate clinical fall risk prevention programs
and provide best practice recommendations. The existence of
the Stopping Elderly Accidents, Deaths & Injuries program
highlights the gap in existing risk prediction and risk
stratification toolsthat are generalizable and have high accuracy.
Commonly used fall risk stratification tools, such asthe Morse
Fall Scale, St Thomas'srisk assessment tool in falling inpatients,
and the Berg Balance Scale [31,57], rely on a clinician’'s
assessment of gait, mental status, and mobility. As Juniper
facilities have their own internal fall risk assessment, this was
an appropriate comparator for our study, as opposed to
comparing our MLA with any of the aforementioned tools.
Traditional models overlook other significant fall risk factors
that we identified in our ML models, such as diastolic blood
pressure and respiratory rate, which are measurements easily
obtained from EHR data without interrupting the clinical
workflow. The sensitivity of these tools is inconsistent across
theliterature, ranging from 33.33%t0 95% [58]. Usingthe MDS
dataset, the study by Marier et al [53] examined theuse of MDS
in tandem with EHR data, as the latter incorporates more
frequent clinical measurementsthat may indicate changesin an
individual’s health status, thus potentially providing improved
risk assessment [51]. The study determined that the use of EHR
data improved fall risk identification by 13% compared with
using only MDS data, which may be attributed to the fact that
EHR isupdated more frequently. Long-term carefacilities have
alower rate of EHR implementation and use than other clinical
settings (18%-48%). Using an X GBoosting-ML approach with
EHR data without vital signs, the study by Ye et a [27]
predicted fall incidents in hospitalized patients >65 years of
age. At the 1- and 2-month prediction windows, they were able
to predict only 55% to 58% of falls, which may be attributed
to the lack of vital signsin their model. The EHR-based ML
models for fall prediction are also cost-effective. Early
identification of high-risk individuals can enable prompt
intervention, such as the removal of environmental hazards or
providing additional assistance with specific daily activities
(bathroom visits), behavioral therapy, and exercise for muscle
strengthening.

Study Limitations and Future Directions

Our study has several limitations. First, this study wasrestricted
to retrospective data with highly imbalanced classes, missing
data, and ahigher prevalence of women in the dataset. Although
the ML agorithmsimplemented several optimization parameters
to overcome these shortcomings (see Table S6 in Multimedia
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Appendix 1 for model performance evaluation in women and
men), the impact of EHR data quality and class balance on
model performance could not be evaluated in this study.
Regarding medication use, previous research has identified a
dose-response relationship between medications, particularly
benzodiazepines [59], and fall risk. Given that our data did not
provide structured information about medication dosage, we
were not able to include dosage as an input feature. The lack of
standardized data collection methods for residents of different
types of communities poses another methodological challenge.
In particular, the collection of vital sign measures was highly
variable across facilities and individuals. Given the importance
of vital signs for fal risk, a more frequent and consistent
collection of vital signs could leverage the extraction of
fine-grained features (change in diastolic pressure between
measurements). Although the study findings were validated
across different types of Juniper care facilities, the
generalizability of the findings outside Juniper Communities
warrantsfurther investigation. Morethan half of theindividuals
fal incidences were not recorded using ICD codes (gold
standard), and a manua search of their progress notes was
required to identify these falls. Other study limitations include
the lack of information regarding the severity of medical
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conditions and the potential that some fall events were missing
from the EHRs. Further research and the use of our MLAS for
fall risk prediction beforeimplementation are warranted. Future
directions for this research will focus on developing and
implementing more interpretable ML models, such as the
explainable boosting machine or deep learning techniques (eg,
recurrent neural networks). Thiswill allow for theincorporation
of additional forms of digitized physiological and behavioral
datathat may berelevant to fall risks. Recurrent neural networks
can process sequences of input data with variable lengths,
making them applicable for recognizing patterns in
electrocardiogram signals, motion, and speech notes [60-63].

Conclusions

Thisstudy showsthat the X GBoosting technique can usealarge
number of features from EHR data to make short-term fall
predictions with a better performance than conventional fall
risk assessments and other ML models. The integration of
routinely collected EHR data, particularly vital signs, into fall
prediction models may generate a more accurate fall risk
surveillance than models without vital signs. Our data support
the use of ML models for dynamic, cost-effective, and
automated fall prediction in different types of senior care
facilities.
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Abstract

Background: Individual differencesin the rate of aging and susceptibility to disease are not accounted for by chronological
age alone. These individual differences are better explained by biological age, which may be estimated by biomarker prediction
models. In the light of the aging demographics of the globa population and the increase in lifestyle-related morbidities, it is
interesting to invent a new biological age model to be used for health promotion.

Objective: This study aims to develop a model that estimates biological age based on physiological biomarkers of healthy
aging.
Methods: Carefully selected physiological variables from a healthy study population of 100 women and men were used as

biomarkers to establish an estimate of biological age. Principal component analysis was applied to the biomarkers and the first
principal component was used to define the algorithm estimating biological age.

Results: Thefirst principal component accounted for 31% in women and 25% in men of the total variance in the biological age
model combining mean arterial pressure, glycated hemoglobin, waist circumference, forced expiratory volume in 1 second,
maximal oxygen consumption, adiponectin, high-density lipoprotein, total cholesterol, and soluble urokinase-type plasminogen
activator receptor. The correlation between the corrected biological age and chronological age was r=0.86 (P<.001) and r=0.81
(P<.001) for women and men, respectively, and the agreement was high and unbiased. No difference was found between mean
chronological age and mean biological age, and the slope of the regression line was near 1 for both sexes.

Conclusions: Estimating biological age from these 9 biomarkers of aging can be used to assess general health compared with
the healthy aging trajectory. This may be useful to evaluate health interventions and as an aid to enhance awareness of individual
health risks and behavior when deviating from this trajectory.

Trial Registration: ClinicalTrials.gov NCT03680768; https://clinicaltrials.gov/ct2/show/NCT03680768
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Introduction

Biological age (BA) is a measure that quantifies where an
individual is on the aging traectory, assessed by the
physiological profile, in comparison with the average person
of that given chronological age (CA) within the population from
which the equation was generated [1,2]. The predictive ahilities
of BA have been investigated in relation to age-rel ated diseases
such as cardiovascular disease (CV D) and type 2 diabetes (T2D)
and some BA models have been found to predict mortality better
than CA [3-5]. Parallels can be drawn between the changes that
occur with aging and the changes that occur with an unhealthy
lifestyle (especially related to physical inactivity and obesity)
and therisk of developing CVD and T2D [6,7]. Therefore, the
objective assessment of BA is an appealing approach for risk
stratification and health literacy within public health promation.
However, truly measuring the current state of aging, and thereby
objectively determining BA, would entail studies that follow
people until they die and biomarkers representing all bodily
functions. This is practically impossible and objectively
unfeasible for usein aclinical setting. To circumvent this, BA
model s conceptualizing some mechanisms of aging are proposed
as surrogate measures of BA. Despite a substantial research
effort [8-10], there is still no agreement upon which panel of
biomarkers to use when defining BA [11]. Targeting health
promotion and management of lifestyle-rel ated diseases, studies
have developed severa BA models that evaluate the degree of
severity of the metabolic syndrome [12], the relation to waist
circumference[13], therelation to physical fithesslevel [14,15],
and the organ-specific health status[16], just to mention afew.

Increasing life expectancy and low fertility rates will have a
profound impact on future resources and health care needs
[17,18]. Forecasts anticipate that by 2050, people aged 65 years
or above will congtitute more than 20% of the population
worldwide [19,20]. This is the decade in life where chronic
diseases (eg, CVD, cancer, and T2D) frequently manifest [21],
making healthy aging a key objective for research [22-24].
Healthy aging is defined as an extension of health span [25]
also characterized by the “healthy aging phenotype” avoiding
major chronic diseases as well as cognitive and physical
impairments[22]. Theimportant work from Laraand colleagues
[26] hasresulted in apanel of biomarkers of healthy aging. The
purpose of our study was to apply a novel approach in order to
incorporate biomarkers of healthy aging into a BA model. For
this purpose, we used the first principal component (1PC)
obtained from principa component analysis (PCA) as the
method to assess individual BA. The goal was to create a BA
model based on the healthy aging phenotype. In this way, the
model can be used to identify those deviating from the healthy
aging trajectory. Thus, no difference between average CA and
estimated BA was expected in the study population of healthy
individuals.

Methods

Participants

We included 100 healthy Danish individuals, 51 women and
49 men, between 18 and 65 years of age, to participate in an
extensive health examination and the data collection of candidate
biomarkers for the BA model. We recruited an equal number
of women and men in each 5-year age category (Figure 1).

Figure 1. Flow chart of the allocation of enrolled participants in age categories. W: women; M: men.

1823 years || 24-23 years || 30-35years

n=13
W7, M6

54-59 years B0-B5 years
=12 n=12 n=13 n=12
W7, M6 WiE, M6

of candidate biomarkers

Ethics Approval

The study was approved by the Regional Ethics Committee,
Denmark (H-18031350), recorded as a Clinical Tria (Clinical
Trial number: NCT03680768), and performed in accordance
with the Helsinki declaration. Participantswereinformed orally
and in writing about the study protocol and the potential risks
before obtaining written consent.
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Candidate Biomarkers

On the day of the health examination, participants came to the
laboratory following an overnight fast and having avoided
exercise activities and alcohol consumption for 24 hours and
restrained from smoking for at least 4 hours. Information on
the participants previous and current health status included
weekly acohol consumption, smoking habits, present
medications, past medica history, and self-administered
guestionnaires on physical activity level (Physical Activity Scale
2.1) [27] and quality of life (12-item Short Form version 2
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[SF-12v2]). We gathered data on the candidate biomarkers|listed
in Table 1. These 32 variablesare al physiological components
of healthy aging that are associated with aging, age-related
diseases, and are affected by changes in lifestyle. In addition,
this panel of biomarkers covers multiple areas of human
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function, and they are suitable to study in humansin vivo. For
amore comprehensive description of therationalefor including
these 32 variables as candidate biomarkers, we refer to our
protocol paper (Clinical Trial number: NCT03680768) [28].
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Table 1. Candidate biomarkers measured in the study participants (n=100) showing means with SDs and outcome units per year increase (regression
slope with 95% Cl).
Biomarkers® Mean (SD) Slope (CI)
Body composition
Weight (kg) 75.7 (13.1) 0.03(-0.2100.2)
Waist circumference (cm) 83.4(9.8) 0.2 (0.05t00.3)
Hip circumference (cm) 101.4 (7.1) -0.001 (-0.1t0 0.1)
Waist/hip ratio 0.8 (0.07) 0.002 (0.001 to 0.003)
Fat mass (%) 26.8(8.3) 0.09 (-0.03t0 0.2)
Muscle mass (kg) 52.8 (10.9) -0.05(-0.2t00.1)
Metabolic health
Fasting blood glucose (mmol/l) 5.1(0.4) 0.01 (0.004 to 0.015)
HbAlcb (mmol/mol) 32.8(3.2) 0.12 (0.08 t0 0.16)
AGES® (AU) 1.8(0.5) 0.027 (0.022 to 0.031)
Insulin (pmol/l) 44.4(25.3) 0.05 (-0.32 0 0.42)
Triglycerides (mmol/l) 0.9(0.9) 0.002 (—0.004 to 0.008)
Free fatty acids (umol/l) 440 (212) 2.36 (-0.72t0 5.46)
Leptin (pg/ml) 8411 (9472) —60.0 (-199.8 t0 79.9)
Adiponectin (mg/ml) 11515 (6490) 106.6 (13.4t0 199.8)
HDLY (mmol/l) 15(0.4) 0.01 (0.006 to 0.017)
LDL® (mmol/l) 2.8(0.8) 0.02 (0.01t0 0.03)
T (mmol) 45(0.9) 0.03 (0.02 to 0.04)
TC/HDL ratio 3.1(0.9) 0.003 (-0.01 t0 0.02)
Immune function
CR (my/l) 16(34) -0.04 (-0.09t0 0.02)
suPAR" (ng/ml) 2.09(0.5) 0.01 (0.003t0 0.017)
Cell blood count
Hemoglobin (mmol/l) 8.7 (0.8) 0.004 (-0.01t0 0.02)
Hematocrit (%) 416 (3.8) 0.03 (-0.03t0 0.09)
Cardiorespiratory function
Diastolic BP' (mmHg) 78.0(10.1) 0.4(0.3t00.5)
Systolic BP (mmHg) 124.2 (16.7) 0.6 (0.310 0.8)
FEV4 (L) 3.9(0.9) -0.02 (-0.04t0-0.01)
vek (L) 4.9(1.0) -0.02 (-0.04 t0 -0.01)
FEV,/FVC retio (%) 77.8 (11.6) -0.13 (-0.20 to -0.05)
Physical capacity
VO (Miminuterkg) 39.3(8.12) -0.18 (-0.28 to —0.06)
STS™ (stands) 23.4(5.2) -0.07 (-0.14t0 0.02)
Handgrip strength (kg) 36.0 (9.4) -0.8(-0.2t00.1)
Biceps strength (kg) 35.0 (11.5) -0.1(-0.3t0 0.03)
Quadriceps strength (Nm) 152.4 (51.3) -0.7(-1.4t00.1)
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3Mlissing values were present in leptin (n=99), CRP (n=87), hematocrit (n=97), hemoglobin (n=99) and bicep’s strength (n=98).

bHbA 1c: glycated hemoglobin type A ;.
CAGE: advanced glycation end product.
9HDL: high-density lipoprotein.

€L DL: low-density lipoprotein.

fTC: total cholesterol.

9CRP: C-reactive protein.

NsUPAR: soluble urokinase plasminogen activator receptor.
iBP: blood pressure.

jFEV1: forced expiratory volume in 1 second.
KevC: forced vital capacity.

IVOZmaXZ maximal oxygen consumption.
MSTS: 30-second sit-to-stand chair rise.

Procedures

Variables of body composition were measured by dual-energy
X-ray absorptiometry scanning (Lunar Prodigy Advance; Lunar).
Waist and hip circumference were measured twice using a
standard measuring tape. Variables of metabolic health and
immune function were measured from venous blood samples.
We extracted plasma and stored it at —-80°C before analysis.
Plasma concentrations of C-reactive protein, total cholesterol
(TC), low-density lipoprotein (LDL), high-density lipoprotein
(HDL), triglycerides, free fatty acids, and glycerol were
measured separately by spectrophotometry (Cobas 6000 ¢501;
Roche). Plasmafasting blood glucose (FBG) concentration was
measured on an automated analyzer (Hitachi 912; Roche).
Plasma insulin, adiponectin, and leptin concentrations were
measured by RIA kits (HADP-61HK; Millipore). Plasma
concentrations of soluble urokinase plasminogen activator
receptor (SUPAR) were measured using the commercially
available suPARnostic ELISA kit, according to the
manufacturer’s instructions (ViroGates). Advanced glycation
end products (AGES) were measured noninvasively using an
AGE reader (Diagnoptics Technol ogies). We measured glycated
hemoglobin type A, (HbA;.) on whole blood using DCA
Vantage Analyser (Siemens Healthcare) for the analysis. Resting
arterial blood pressure (BP) was measured in triplicate (with
1-minute interval s) using an automatic monitor (Boso-medicus
control). Forced vital capacity (FVC) and forced expiratory
volume in 1 second (FEV;) were assessed by spirometer
measurements (Vyntus SPIRO spirometer) with participants
sitting on a chair and wearing a nose clip and mouthpiece.
Initially, participants breathed normally before conducting a
rapid maximal inspiration immediately followed by an expiration
with amaximal effort that continued until no more air could be
expelled while maintaining an upright posture. The procedure
was repeated a minimum of 3 times and a maximum of 7. The
trial with the highest reading was used and the Vyntus SPIRO
software (SentrySuite) automatically assessed the repeatability,
acceptability, and usability criteria defined by the American
Thoracic Society and the European Respiratory Society [29].
The handgrip, biceps, and quadriceps strength were measured
by ahandheld dynamometer (Takei, A5401; Physical Company),
adigital back strength dynamometer (Takei TKK 5402; Takei
Scientific Instruments Co. Ltd.), and a handheld dynamometer
(microFET?2; Hoggan Health Industries, Inc.), respectively. At
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least three attempts were made until no risein strength occurred.
Each test wasinterspersed with 1-minute rest. Maximal oxygen
consumption (VO,,,) Was measured by agraded exercise test,
performed on a bicycle ergometer (Lode Corival) using
breath-by-breath (Quark PFT Ergo; Cosmed) oxygen
consumption measurements. After 5 minutes of warm-up at 50
and 100 W for women and men, respectively, theload increased
by 25 W every minute until voluntary exhaustion. VO,,,; Was
determined as the highest 30-second rolling average of VO,.

Exclusion and Inclusion of Candidate Biomarkers

To observe the tragjectory of normal healthy aging, we excluded
participants diagnosed with or having aprevious history of T2D,
CVD, cancer, and thyroid dysfunction and who were free of the
use of medication to lower cholesterol levels, glucose
concentration, and BP [16,30-32]. In addition, a99% reference
interval (mean £2.96xSD) was applied to examine any potential
outliers [30]. To acknowledge age-related decrements within
the healthy aging spectrum, however, extreme values below or
above the reference interval were individually assessed [33].
We excluded the candidate biomarker AGE from the study due
to technica problems affecting the rdiability of the
measurements.

The actua selection between the remaining 31 candidate
biomarkersfollowed a systematic stepwise method in alignment
with previous studies [3,30,34]. To begin with, al candidate
biomarkers were submitted to Pearson correlation analysis to
assess the strength and direction of association between CA and
the candidate biomarkers. All biomarkersthat were significantly
correlated with CA (|r[>0.15; P<.05) wereincluded. Tominimize
redundancy arising intheanalysis, we assessed intercorrelation
between the included biomarkers. If the correlation between
biomarkers was high (Jr|=0.7) and they have a similar clinical
function, they arelikely to be dependent on the same biological
factor and one is excluded depending on the strength of the
relationship with CA and the clinical relevance.

Principal Component Analysis

PCA isafactor analysis that reduces dimensions but preserves
most of the information in the original data set. PCA isalinear
transformation that applies orthogonal rotation to find
factors/principal componentsthat capturethe largest amount of
information in the data[35]. Asthe PCA produces uncorrelated
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principal components disclosing which variables are most
valuable for clustering the data, it can be used to elucidate the
minimum numbers of candidate biomarkers necessary for
estimating BA [36]. Traditionally, al principal components
with an eigenvalue above 1 are included, or alternatively the
number of principal components that together contain 80% of
the variation in the data set. However, we will follow the
approach first applied by Nakamura et a in 1988 [37] and
applied by otherssince[12,30,31,38], and use the 1PC from the
PCA to estimate individual BA.

To do s0, included biomarkers were normalized to amean of O
and unit SD, which gives them equal weight in the PCA. The
subsequent estimation of BA was performed in 3 steps. First,
based on the PCA loading scores, a standardized individual BA
score (BAS) was model ed:

BAS = wq + (WyXy) + (WpXp) +7+ (WXy) (1)

where x representsthe original value of each of the N biomarkers
(without units). The coefficient w,, is defined as

w,, = loading score, /o, (2)

]

where w,, represents each of the N biomarkers and El and o
represent the origina mean and SD for each biomarker,
respectively. The loading scores represent the contribution of
each biomarker to 1 unit vector of the principal component.

and the constant w; as

Second, we transform the BA score into BA in units of years
by application of the T-scale method [37]:

]

where o, and 2 arethe SD and mean of CA, respectively, of
the sample size. However, this introduces a regression toward
the mean effect (overestimation of younger individuals BA
and underestimation of older individuals BA) [39], which is
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why the correction model proposed by Dubina et al [40] is

applied:
@]

where BAc is the corrected biological age, y; represents

individual CA, [E] is the mean CA of the study sample, and
represents the slope in the linear regression assessing the
relationship between BA and CA.

Statistics

We present candidate biomarkers as means with SDs and by
linear regression to describe the direction and change of the
candidate biomarkers per year. We assessed normal distribution
using g-q plots and histograms, and checked variance of
homogeneity and assessment of linearity by plotting residuals
versus predicted values. Paired t test was used to assess
differenceswithin sex and the difference between BAc and CA
(age difference) was calculated as CA — BAc. The statistical
analyses were performed in SAS Enterprise Guide 7.1 and
MATLAB R2018b. Statistical significance was considered at
P<.05in all statistical tests.

Results

Systematic Stepwise Selection of Biomarkers

Correlation Analysis

Pearson correlation coefficient was calculated for each of the
31 candidate biomarkers as a function of CA (Multimedia
Appendix 1). Overall, 15 biomarkers substantially correlated
with CA covering 5 domains. Body composition (waist
circumference and waist/hip ratio), metabolic health (FBG,
HDbA ., adiponectin, HDL, LDL, and TC), immune function
(suPAR), cardiorespiratory function (diastolic and systolic BP,
FEV,, FVC, FEV,/FVCratio), and physical capacity (VOuna0)-
We observed positive correlations in waist circumference,
waist/hip ratio, FBG, adiponectin, HbA ., HDL, LDL, TC,
suPAR, diastolic BP (DBP), and systolic BP (SBP) and negative
correlations for FEV,, FVC, FEV,/FVC ratio, and VO,
(Figure 2).
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Figure 2. Top: Scatterplots and Pearson’s correlations of: waist circumference (A), high density lipoprotein (B), forced expiratory volumein 1. sec
(C), maximal oxygen uptake (D). Bottom: Pearson’s correlation coefficients of the 15 biomarkers significantly correlated with age and their
inter-correlations. CA: chronological age; W/H: waist to hip ratio; FBG: fasting blood glucose; HbA1: glycated hemoglobin type Ay, HDL: High

density lipoprotein; LDL: Low density lipoprotein; CHOL: total cholesteral;

suPAR: soluble urokinase plasminogen activator receptor; DBP: Diastolic

blood pressure; SBP: Systolic blood pressure; FEV ;: Forced expiratory volumein 1. sec; VOgma: maximal oxygen uptake.
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Assessment of Redundancy

We observed high intercorrelations for some of the variables
(Figure 2, bottom) and selected those with the strongest
correlation with age or with the highest clinical significance
within each cluster. Therefore, as FEV,, FVC, and FEV,/FVC
ratio al represent pulmonary function and FEV ; hasthe highest
correlation with age (r=—0.3806; P<.001) compared with FVC
(r=—0.3163; P=.001) and FEV,/FVC (r=-0.3052; P=.002),
FEV,; was selected. In the same manner we selected TC
(r=0.4952; P<.001) over LDL (r=0.3696; P<.001). HbA . and
FBG concentration are both markers of glycemic control, and
ahigh correlation between HbA ;¢ and FBG has been shownin
people with and without T2D [41,42]. We suggest that the
moderateintercorrelation (r=0.2945; P=.003) found in this study
is due to the sample size. HbA,,, which shows a higher
correlation with age, has previously been used in the literature
in BA models[31] and is generally preferred over FBG dueto
its higher applicability in a clinical setting. Thus, to reduce
redundancy, we only include HbA ;. as a marker of glycemic
control despite an intercorrelation less than 0.7.

We observed a high intercorrelation between waist
circumference and waist/hip ratio, the latter having the highest
correlation with CA. Despite this, waist circumference was
selected dueto its strong association with visceral adiposetissue
[43], its clinical importance as the best single anthropometric
measure able to identify individuals at high risk of CVD and
T2D, and its simplicity [44-46]. In addition, the inherent
problem of the equation that an individual who is morbidly
obese could have the same waist/height ratio as anormal-weight
individual made us select waist circumference. Finally, DBP
and SBP had an intercorrelation of r=0.8135 (P<.001), and a
very similar correlation with age (r=0.5125; P<.001 and
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r=0.4514; P<.001, respectively). Instead, we calculated mean
arterial pressure (MAP = 1/3SBP + 2/3DBP) to capture both
parameters. MAP had acorrelation with age of r=0.510 (P<.001)
and an intercorrelation with SBP and DBP of r=0.943 (P<.001)
and r=0.961 (P<.001), respectively. Thus, atotal of 9 biomarkers
were submitted to the PCA: waist circumference, FEV {, HbA 4,
adiponectin, HDL, TC, suPAR, MAP, and VO, (scatterplots
and Pearson correlation with age for al 9 biomarkers are
available in Multimedia Appendix 2).

Applying PCA

Following the normalization of the data set comprising the 9
biomarkers, we applied PCA for women and men separately,
with and without the inclusion of CA. By including and
excluding CA, we could assess if the direction of the 1PC was
similar in both cases, thus assuming that the 1PC can be seen
as a genera aging factor. The analysis showed high loading
scores for CA on the 1PC for both women and men (0.473 and
0.515, respectively), confirming the close rel ationship between
age and 1PC (Table 2). In the second PCA, we excluded CA
and found that the relationship between the 9 biomarkers and
the 1PC persisted. The 1PC had eigenvalues above 1.0 and
accounts for 30.96% (females) and 25.04% (males) of the total
variance in the battery of 9 biomarkers (Table 3). These results
indicate that the 9 biomarkers reflect underlying measures of a
healthy aging trajectory.

To clarify how the variables contribute to the estimation of the
BA model, we calculated the percentage contribution of each
variable using the following equation:

]

where &, is the given loading score and N is the number of
variables (Table 3). In women, TC concentration contributed
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the most (21.8%) followed by MAP (18.9%) and HbA,. (24.1%) closely followed by VO, (22.6%) and TC
(16.7%). For men, waist circumference contributed the most  concentration (14.5%).

Table 2. Thelinear combination of normalized variables for the 1PC by gender (chronological age included).

Principal component analysis variables Loading scores for 1PC2

Women Men
Chronological age 0.473 0.515
Mean arterial blood pr&esureb 0.392 0.294
Glycated hemoglobin 0.348 0.352
Wiaist circumference 0.144 0.378
Forced expiratory volumein 1 second -0.164 -0.340
Maximal oxygen consumption -0.287 -0.321
Adiponectin 0.199 0.078
High-density lipoprotein 0.346 0.127
Total cholesterol 0.405 0.337
SUPARS 0.220 0.167
Eigervalue® 350 2.90
Explained variance %° 35.04 28.96

#PC: first principal component comprising the best fit line with the largest sum of squares distances.

BMean arterial blood pressure = (1/3SBP + 2/3DBP), where SBP is systolic blood pressure and DBP is diastolic blood pressure.
CsUPAR: soluble urokinase plasminogen activator receptor.

dEj genvalue: the sum of squared distances for 1PC.

®Explained variance %: how many percent does the 1PC explain of the total variance in the data set.
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Table 3. The linear combination of normalized variables for the 1PC? by gender (chronological age excluded) and the relative contribution of each

physiological variable to BAP estimation.

Women

Loading scores

Men

Contribution (%) L oading scores Contribution (%)

Mean arterial blood pressure® 0.435
Glycated hemoglobin 0.408
Waist circumference 0.173
Forced expiratory volumein 1 second -0.138
Maximal oxygen consumption -0.341
Adiponectin 0.228
High-density lipoprotein 0.390
Total cholesterol 0.467
suPAR? 0.238
Eigenvalue® 2.79
30.96

Explained variance %9

189 0.349 122
16.7 0.324 105
30 0491 24.1
19 -0.309 9.5

116 —0.475 226
5.2 -0.046 0.2

152 -0.020 0.04
218 0.3804 145
5.7 0.254 6.4

/AT 2.25 N/A
N/A 25.04 N/A

#1PC: first principal component comprising the best fit line with the largest sum of squares distances.

bBA.: biol ogical age.

®Mean arterial blood pressure = (1/3SBP + 2/3DBP), where SBPis systolic blood pressure and DBP is diastolic blood pressure.

dsuPAR: soluble urokinase plasminogen activator receptor.
CEigenvalue: the sum of squared distances for 1PC.
"N/A: Not applicable.

9Explained variance %: how many percent does the 1PC explain of the total variance in the data set.

Biological Age M odéel

By applying Equation 1, the loading scores from the PCA were
used to construct individual standardized BAS as a function of
the 9 biomarkers as shown in the following equations:

BASigmge = —11.04 + (0.03MAP) + (0.126HbA ) +
(0.018Waist) — (0.018FEV,) — (0.053VOyg) +

(3.205-107°-Adiponectin) + (0.909HDL) + (0.500TC)
+ (0.400sUPAR)

BAS, 40 = —11.23 + (0.037MAP) + (0.103HDA ) +
(0.066Waist) — (0.431FEV,) — (0.067VOsm) —

(1.058-107°-Adiponectin) — (0.062HDL) + (0.442TC)
+ (0.828sUPAR)

Subsequently, the BAS was scaled by applying Equation 4.
BAemae = (BAS x 13.6) +41.3
BA 4 = (BASx 13.8) + 41.1

Scaling the score into units of years makes it more feasible to
use when applying it to health promotion in the genera
population. Introducing this relationship between CA and BA
has been shown to create some bias at the regression ends. Thus,
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following the previously mentioned correction model of Dubina
et a [40] (Equation 5), the final BA models are expressed as

BACremge = —56.67 + (0.27MAP) + (1.02HbA,.) +
(0.1453Waist) — (2.03FEV;) — (0.43VO,g) +

(0.0003-Adiponectin) + (7.39HDL) + (4.06TC) +
(3.24sUPAR) + (0.20CA)

BACyge = —70.37 + (0.34MAP) + (0.95HbA,) +
(0.60Waist) — (3.96FEV;) — (0.62VOym)

(9.73-10°-Adiponectin) — (0.57HDL) + (4.06TC) +
(7.61suPAR) + (0.32CA)
The corrections are visualized in Figure 3, showing how the
overestimation of BA in younger adults and underestimation
of older adults are attenuated. In addition, Figure 4 visualizes

the regression of BAc on CA (R?=0.73; P<.001 and R°=0.65;
P<.001). BAc is scattered relatively close and symmetrically
above and below the regression line with astandard error of the
estimate of 8.2 years (women) and 10.2 years (men). We found
no statistical difference between mean CA and mean BAc in
women (P=.99) or men (P=.99). To assess the agreement
between CA and BAc, we made aBland-Altman plot and found
a mean difference of 0.002 in women and — 0.006 in men,
respectively (Figure 5).
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Figure 3. Regression lines before (BA) and after (BAc) correction for women and men, respectively.
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Figure 4. The BAc regression lines for women and men, respectively with 95% Confidence interval (shaded area), 95% Prediction intervals (black
dotted lines) and line of identity (red dotted line). Slope (b), correlation coefficient (r) and coefficient of determination (R2).
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Principal Findings
In this study, we aimed to develop aBA model, able to measure
healthy aging trajectory, using simple, clinically relevant
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biomarkers that would respond to changes in health behavior.
We selected 9 biomarkerslisted in Table 3 and applied PCA to
estimate individual BA. The 9 biomarkers represent metabolic
health (HDL, TC, and adiponectin) and bodily functions (FEV ,,
MAP, and suPAR), and include very important clinical
age—related variables (V Oy HPA 1., and waist circumference)
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[28]. We found no difference between BAc and CA in the
healthy reference group of women and men, and the BA model
for both women and men showed a high linear relationship with
CA. The disagreement between CA and BAc was low and
unbiased. A higher variation in the BA model for men resulted

in a lower coefficient of determination (R*=0.65; P<.001)
compared with the BA model for women (R?=0.73; P<.001).

Sex differences were also observed in the relative contribution
of each biomarker to the BA estimate. Thisindicatesthat some
biomarkers of aging areinfluenced by sexual dimorphism [47].

HDL, for example, contributes 15.2% ([0.39%/0.999] x 100) in

women and a negligible 0.04% in men ([—0.02%/1.001] x 100).
HDL levels are higher in women than in men of the same age
[48]. However, during menopause HDL levels decrease (and
LDL increase), thereby increasing the cumulative risk of CVD
[49]. In general, the multifaceted effects of menopause on
metabolism may imply that further development of the model
should evaluateif separate modelsfor pre- and postmenopausal
women are required. Waist circumference contributed the most
(24.1%) in the estimation of BA for men but only 3.0% in the
estimation of BA for women. This agrees well with the sex
differencein fat distribution—men have arelatively more central
distribution of fat with aging even in the absence of weight gain
[50]. By contrast, a similar deterioration of VO, and FEV;
between sexes is expected [47]. This was not the case in our
study, as VO, and FEV; contributed more to the BA model
for men. This difference may be balanced by normalizing
VO,ma @nd FEV; to lean mass and height, respectively. In
addition, the small sample size should be mentioned as a
limitation in these observations.

The BA model isbased on a healthy reference adult subsample
of the population. However, in 8% (4/51) of the women and
16% (n=8/49) of the men, the age difference (CA — BAc) was
more than +10 years (Figure 5). One of these women and 7 of

these men stand out by having aBM | between 25 and 36 kg/m?.
Because BMI is causally related to morbidity and mortality
[51], it could be argued that individuals with a BMI over 24.9

kg/m? are not suitable to be included in this study representing
a healthy aging reference group. However, cardiorespiratory
fitness (VO,ma) May be an even better predictor for CVD and
premature all-cause mortality [52]. Further, abetter VO, Was
found to attenuate the risks related to overweight and obesity
[53,54]. The majority (41/51, 80%, and 46/49, 94%, of women
and men, respectively) of the study participants adhered to the
recommendations of a minimum of 150 minutes/week of
moderate to vigorous physical activity and had a moderate to
high cardiorespiratory fitness level [28]. Therefore, we did not
use high BMI as exclusion criteria. Within this consideration,
there also lies an effort to recruit a subsample of the population
representing normal healthy aging instead of an extremely
healthy and active subsample often more prone to participate.

Comparison With Previous Work

In our data set, the highest correlated biomarker with CA was
MAP (r=0.51; P<.001). MAP reflects vascular resistance and
BP measurements are the commonly used biomarkers in BA
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studies [1,4,32,37,55]. However, in contrast to our study,
pulmonary function (FEV, and FVC) consistently appears as
the most significant parameter related to CA in these former
studies [1,4,32,37,55]. In our study, FEV, only appears as the
third most correlated biomarker (r=—0.38; P<.001). A possible
explanation isthat the biomarkers used for BA estimationsrely
on register-based data collected in the mid- and late 20th
century, primarily representing individuals from Asia and the
United States. Thus, it reflects acertain time eraand popul ation
behavior, for example, regarding smoking prevalence, which
has decreased since then [56]. Finally, it is important also to
takeinto account the differencein health behavior seen between
ethnic groups.

To estimate BA, we used the 1PC as a general aging factor. In
the field of BA prediction models, PCA is considered an
improvement compared with multiple linear regression [31].
Even so, PCA is still a linear model, thereby assuming that
biomarkers change linearly throughout the age span [57]. While
many biomarkers are assumed to decline with a slope of 1%
per year [58], some biomarkers may deviate from thislinearity,
especiadly toward the higher end of the age span. The
proportions of total variance explained by the PCA in our study
(31% and 25% women and men, respectively) were similar to
those found in other studies using the 1PC, varying from 23%
to 42% [3,12,30,32] in women and from 20% to 37% in men
[3,12,30,31,37,55]. These studies found that using PCA was
valid and clinically useful. However, recent studies [5,34,36]
comparing different modelsfound that the Klemeraand Doubal
model (KDM) [59] was superior at predicting mortality
outcomes [60]. Keeping in mind that these results also depend
on the specific set of biomarkers included, the algorithm from
the KDM should be included in future research on the present
BA estimation.

Future Research

Thisisafirst-generation model which iswhy thiswork should
be used to initiate further research to understand the
interpretation of themodel fully. Larger sample sizeis necessary
to do a proper sensitivity analysis on how changes in each
biomarker affect the BA estimate. In addition, alarger sample
size would improve the validity of the selected biomarkers. In
this study, the biomarkers were selected based on their
significant correlation with CA in a cross-sectiona analysis.
Using cross-sectional data provides information on the age
difference in the biomarkers at a specific point in time. To
improve the statistical validity of the measures selected as
biomarkers, a significant longitudinal correlation with CA
should be investigated. This way the age difference in the
biomarkers can be assessed over time [9].

Applying the BA model to longitudinal data is an important
future investigation, to seeif arelatively high BA isapredictor
of poor health outcomes such as T2D, CVD, and mortality.
Furthermore, investigating the BA model in health-related
interventionswill provide evidence asto whether the model can
be used asavalid clinical tool for measuring disease risks. Our
study has strength in its reproducibility—akey element for BA
applicability. The majority of the 9 biomarkers are common
measurements in the clinic and in science, where standard
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guantitative techniques are used. Thus, quantifying BA by the
combination of these 9 biomarkers has the advantage of being
less susceptible to artifactual variations related to the method
of measurement and being accessible from stored plasma
samples and databases in national health registers. That being
said, the feasibility of measuring suPAR and adiponectin in
regular clinical routine is low. Thus, future studies should
investigate how the exclusion of suPAR and adiponectin affects
the ability of the BA model to identify high-risk individualsand
to assess the effect of health-enhancing interventions.

Conclusions

The 9 physiological variables identified in this study as aging
biomarkers are highly relevant to assess age-related changes
affecting the risk of disease and physical capacity. The BA

Husted et al

model has potential for clinical use, due to low technical
difficulty and minimally invasive techniques. Estimation of BA
has potential as an outcome measure in health-promoting
interventions and as a pedagogical aid. Future research is
required to investigate how the model will work in populations
deviating from the healthy aging spectrum (eg, in individuals
with T2D, CVD, or low cardiorespiratory fitness). We expect
that theindicator of being biologically oldiseasy to understand,
as arisk of disease and premature mortality, which explains
why this indicator might drive individual motivation toward a
healthier lifestyle. However, work remains to be performed to
improve the model’svalidity asaclinical tool and its predictive
abilitiesincluding, but not restricted to, itsreanalysisin amuch
larger sample size, test-retest reliability, and assessment of the
longitudinal stability of the biomarkers.
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Multimedia Appendix 1
Correlation coefficient with chronological age for the nine measurements included as biomarkers in the BA model. (A) Waist
circumference (cm), (B) High Density Lipoprotein (HDL) (mmol/L), (C) Forced Expiratory Volume in the first second (FEV ;)

(L), (D) Maximal oxygen consumption (VO,,4) (Ml/min/kg), (E) Total cholesterol concentration (mmol/L), (F) Mean Arteria
Pressure (MAP) (mmHg), (G) Glycated hemoglobin (HbA,.) (mmol/moal), (H) Adiponectin (mg/ml), (1) soluble urokinase

plasminogen activator receptor (SUPAR) (ng/ml).
[PNG File, 492 KB - aging_v5i2e35696_appl.png ]

Multimedia Appendix 2
Candidate biomarkers measured in the study participants (n=100) and their correlation with age.
[DOCX File, 19 KB - aging_v5i2e35696_app2.docx ]
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Abstract

Background: Although smart speaker technology is poised to help improve the health and well-being of older adults by offering
services such as music, medication reminders, and connection to others, more research is needed to determine how older adults
from lower socioeconomic position (SEP) accept and use this technology.

Objective: This study aimed to investigate the feasibility of using smart speakers to improve the health and well-being of
low-SEP older adults.

Methods: A total of 39 adults aged between 65 and 85 years who lived in a subsidized housing community were recruited to
participate in a 3-month study. The participants had a smart speaker at their home and were given a brief orientation on its use.
Over the course of the study, participants were given weekly check-in callsto help assist with any problems and newsl etters with
tips on how to use the speaker. Participants received a pretest and posttest to gauge comfort with technology, well-being, and
perceptions and use of the speaker. The study staff also maintained detailed process notes of interactions with the participants
over the course of the study, including alog of all issues reported.

Results: At the end of the study period, 38% (15/39) of the participants indicated using the speaker daily, and 38% (15/39) of
the participants reported using it several times per week. In addition, 72% (28/39) of the participants indicated that they wanted
to continue using the speaker after the end of the study. Most participants (24/39, 62%) indicated that the speaker was useful,
and approximately half of the participants felt that the speaker gave them another voice to talk to (19/39, 49%) and connected
them with the outside world (18/39, 46%). Although common uses were using the speaker for weather, music, and news, fewer
participants reported using it for health-related questions. Despite the initial challenges participants experienced with framing
guestions to the speaker, additional explanations by the study staff addressed these issuesin the early weeks of the study.

Conclusions:  The results of this study indicate that there is promise for smart speaker technology for low-SEP older adults,
particularly to connect them to music, news, and reminders. Future studies will need to provide more upfront training on query
formation aswell as develop and promote more specific optionsfor older adults, particularly in the area of health and well-being.

(IMIR Aging 2022;5(2):€33498) doi:10.2196/33498

KEYWORDS

technology; older adults; communication inequalities; digital health; elderly population; smart technology; smart speaker;
well-being; health technology; mobile phone

: ensure healthy aging. In addition to promoting physical health,
Introduction a range of factors may contribute to emotional and social
Backaround well-being, which are key pillars for healthy aging and the

9 ability of older adultsto lead rich, independent lives [1]. Those
from lower socioeconomic position (SEP) often face heightened

As the global population ages, new solutions that address
multiple dimensions of health and well-being are needed to
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challenges grappling with the environmental demands of
maintai ning autonomy because of poor health and mobility and
are often at greater risk for isolation and lower psychological
well-being than their higher SEP counterparts [2]. However,
the ways in which protective factors may be leveraged to
contribute to healthy aging are often underemphasized.

Factors that may help low-SEP older adults compensate for
limitations or lack of resources or may help them |leverage their
positive capabilities and interests may bevital to promoting and
maintaining well-being [2]. Information and communication
technologiesarelow-cost, innovative resourcesthat allow older
adults to facilitate and maintain a connection with the outside
world and improve psychological, social, and physica
well-being [3].

Previous research has indicated that there is an association
between technology use and well-being among older adults,
with internet use reducing loneliness, predicting better mental
health, increasing life satisfaction, and improving
communication [4,5].

Technol ogy offersthe opportunity to increase connectionswith
friends and family and connect to the necessary resources and
knowledge (such as providing linksto news sources or services)
to remain engaged with the society at large without in-person
interactions with others [3]. In addition to the connection to
others, the ability of technology to link older adults to interests
such as music can also foster greater emotional well-being. In
light of the COVID-19 pandemic, the potential of technology
to help aleviate loneliness has become even more salient [6].

However, several challenges have historically impacted the
ability of older adults to fully engage with technology [7]. For
example, vision issues may make it difficult for older adultsto
see screens, and dexterity challenges may impact the ability to
use akeyboard or mouse. Even during the COVID-19 pandemic,
when in-person activities were limited, older adults were less
likely to say that the internet was an essential part of life
compared with younger adults [8]. Literacy issues may inhibit
the ability to read what is presented on the screen. Theseissues
may befurther exacerbated in low-SEP older adults, particularly
those who are unable to afford adequate care to address vision
or dexterity issues [7]. Further challenges for low-SEP
individualsinclude decreased accessto internet services, cutting
them off from a crucia channel of health information and
well-being resources [9]. This may help fuel communication
inequalities or the differences in access to, understanding of,
and acting upon health information [10], which may impact
which older adults are able to benefit from technology. Such
differences could create disparities, as some groups are more
readily able to engage with technology to access health
information and resources compared with others. Voiceinterface
technology, such asthe Amazon Echo or Google Home, shows
great promisein reducing social isolation and assisting in healthy
aging. The voice technology uses a zero-user interface design
in which users engage with a smart speaker through voice
commands. This technology works without screens and
keyboards to create a system that is more accessible to older
adults, as it removes barriers related to vision, dexterity, or
literacy [11] and may thus reduce barriers to technology use
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that disproportionately impact low-SEP older adults. These
interfaces also allow for the use of natural communication
(speaking) instead of navigating and scrolling through webpages
or learning how to operate new technol ogy.

A key component of this interface is the feature of
voice-activated personal assistants, which use artificia
intelligence to create tailored, personal interactions through
adaptive learning systems that may converse directly with the
user in aback-and-forth discussion [11]. In addition to providing
asimple way to engage with the speaker, it is proposed that the
voice-activated persona assistants feature may also provide
companionship and entertainment to ol der adults, providing the
ability to aleviate loneliness and increase psychological
well-being [11]. Reminders offered through the system may
aso help improve health behaviors such as medication
adherence [12]. Voice interfaces provide arich set of services
through their skills, which are voice-based apps (similar to
voice-based versions of apps that appear on smartphones).
Commonly used skills include the ability to play music, find
recipes, check the news, and ask health-related questions.

Although there is promise in enhancing well-being through
these devices, research involving smart speakers and older adults
is dill in its early stages. Often, research involving smart
speakersis conducted using one-time quantitative or qualitative
surveys that gauge potential interest or initial reactions. A
feasibility study conducted in aCdiforniaretirement community
deployed smart speaker devicesin residents’ homes, conducting
focus groups and training workshops [13]. Feedback from
participants indicated high satisfaction with technology, with
75% of participants reporting daily use. Participants felt that
the speaker helped them stay connected with the community,
family, and the digital world [13,14].

However, it is vital to replicate and expand these studies with
more groups of older adultsto truly gauge their acceptance and
relevance for this age group. Although the features of voice
technology are poised to remove barriers to traditiona
technology use, more research is needed on the exact features
of the technol ogy that are perceived as most beneficial for older
adults and the areas in which they require additional learning
to use the speaker successfully. Furthermore, research should
focus on low-SEP individuals, particularly given the previous
findings of challengeswith other forms of technology, to ensure
that using these smart speakers does not further propagate
communication inequalities. Measuring the potential barriers
and facilitators of speaker use can determine whether these
speakers will resonate with older adultsin ways that can foster
health and well-being.

Objectives

This study aimed to investigate the feasibility of using voice
interface technology in group of low-SEP older adultsliving in
a subsidized residence for older adults. Our specific aims
included (1) documenting the frequency of use of technology
and the ways in which the technology was used; (2) assessing
the acceptability and usability of the technology, as measured
through process dataand survey assessment; and (3) measuring
the interest in and the use of the speaker for health information
seeking.
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Methods

Ethics Approval

Older adults were recruited from a residence facility for older
adults subsidized by the United States Department of Housing
and Urban Development (HUD) in South Georgiato participate
in a 3-month feasibility study. This study was reviewed and
approved by the Harvard T.H. Chan I nstitutional Review Board
(19-0304).

Recruitment

The dligibility criteria for the study included being in the age
range of 62-85 years, living alone, and not having a smart
speaker currently at their residence. The upper bound of 85
yearswas determined because of theincreased risk of cognitive
concerns such as memory loss or dementia past this age. The

Figure 1. Participant flowchart.

Total Screened=55

McCloud et al

siteprincipal investigator madean initial presentation to agroup
of 52 residents. In the presentation, she presented the features
of the smart speaker and the details of the study through a
Microsoft PowerPoint presentation. At the end of the
presentation, interested residents were invited to fill out a
screening form for consideration for joining the project. The
names of those who appeared eligible were discussed with the
center staff to determine if they were cognitively able to
participate. There were 24 individuals who filled out the
screening form after the presentation; however, only 15
individuals were eligible. There were 11 individuals who filled
out the screening form but were ineligible: 3 individuals were
excluded because of cognitive concerns, 5 individuals were
excluded because of age >85 years, 2 individual swere excluded
because of living with others, and 1 individual was excluded
because of aready owning a smart speaker (Figure 1).

Eligible=41

Consented=39 Declined=2

Cognitive=6 Age=5
Own Live with
speaker=1 others=2

Previous
internet=22

Required
internet=17

Although many participants expressed hesitance to adopting a
new technology, there were several factors that helped to
overcome this hesitance. Thefirst was the partnership with and
advocacy of the management staff at the residence in helping
to recruit and reassure residents. Throughout the study, they
served as champions for the project and helped to encourage
residents to participate. They also kept a speaker unit in their
office to learn about the speaker and to demonstrate its use to
the residents. Second, as the first participants were connected
to their speakers, other residents became interested after seeing
the participants demonstrate the speaker’s capabilities. Once
thefirst residents provided positive reports on their speaker use,
more residents agreed to participate. Therefore, we created a
rolling enrolIment process that spanned 2.5 weeksto recruit and
enroll the remaining participants, reaching afinal number of 39
participants (Figure 1). During thistime, 3 additional residents
were deemed ineligible because of cognitive concerns, and 2
eligible participants declined to participate.

Screened, eligible participants were then walked through the
consent process by the study team. Before signing the consent
form, each participant reviewed the terms of use of the smart
speaker with the site principal investigator and then discussed
a set of comprehension questions to ensure that participants
understood the basics of the smart speaker (such asdatatracking
and privacy) before signing. After signing the terms of use of
the speaker, the site principal investigator reviewed all study
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details with the participant and then had them sign the study
consent form.

Before installing the smart speaker, the research team verified
that each resident had internet accessin their apartment. Overall,
56% (22/39) of the participants had internet access in their
apartment before the study. Those without internet connection
were provided connection through either a 3-month account
setup and paid for by the study staff or assistance to obtain a
low-cost internet connection offered for HUD housing—based
residents in their own name. Most participants (14/17, 82%)
elected to set up their own internet accounts.

Onceinternet connectivity was established or verified, the study
staff visited the participant’s residence to install the smart
speaker in the home. Each participant’s speaker was connected
using their unique study account ID and study-generated email
address. After the speaker was connected and activated, the staff
provided the participant with a brief orientation to the speaker,
including how to ask questions to the unit, adjust the volume,
play music, and set reminders and alarms. In addition to the
brief introduction, each participant received an introductory
sheet on the smart speaker that provided instructions on how to
make simple queries or give commands.

The participants were then involved in the study for a 3-month
period. During the study, participants received weekly check-ins
with study staff in the form of phone calls and help desk hours.
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All issues were documented by the study staff and addressed
as needed. The site principa investigator held 3 workshops
throughout the study period in which participants’ questions
were answered and additional tips were shared on how to use
the speaker. Periodic newdl etters introduced other ways to use
the device, providing wording to request that the speaker
perform actions such asreading Bible verses, tracking calories,
and playing games. Emphasis was placed on activities that
increased health (connecting to services such as WebMD or
calorie trackers) or mental well-being (learning to have
conversations with the speaker and connecting to podcasts or
games).

At the end of the study, if the participant desired to continue
with the speaker, the study staff assisted them in connecting the
speaker to their personal accounts. If the participant did not
want to continue using the speaker, the study staff assisted them
with deregistering the speaker and canceling internet accounts,
if needed.

Data Collection

Once participants consented to participate in the study, they
received a paper-based pretest survey that asked them about
their mental well-being, loneliness, socia well-being,
demographics, prior technology use, comfort with technology,
and socia networks.

During the 3-month study period, participants’ speaker use data
were recorded through their study account; each query madeto
the speaker was documented in the speaker’srecords. Asauser
operates the smart speaker, each interaction with the speaker is
recorded in the user’s personal account. One key component of
the study wasthe use of back-end datato record theinteractions
with the device. To do so, the study staff created study-related
email accounts and study-related accounts with the speaker’'s
parent company. These accounts were created so as not to use
participants’ real names in any recording; the study accounts
only contained links to the participant’s ID number. Process
datawere al so tracked through a spreadsheet in which the study
staff recorded each weekly check-in call with the participants,
including any specific comments that were made.

At the end of each participant’s 3-month study period, the
participant was given a paper-based posttest that asked for
repeated measures on health and well-being as well as asked
guestions on usability and perceptions of the speaker.

M easures

Pre- and Posttest Measures

Responses from the paper-based pre- and posttest survey, along
with the process data gathered throughout the survey, were
included in this study.

Sociodemographics

The participants were asked about their age, sex, income, and
highest level of education. Food security was measured by
providing the statement, “in the past 12 months, the food we
bought ran out and we did not have money to get more,” with
response options being never, sometimes, or often true. Income
security was measured by asking participantsto select aphrase
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that described their household income, with options being living
comfortably, getting by, finding it difficult, or finding it very
difficult on present income.

Current Use of Technology

We asked participants if they had ever used the internet, how
often they used it, and if they had internet access at their
residence. Participants were asked to select the devices they
currently owned and used, with response options including
smartphone, tablet, computer, and smart tel evision. Participants
were aso asked to indicate their level of comfort with
technology, with response options including not comfortable
at all, somewhat comfortable, comfortable, and very comfortable
using technology.

Perceived Usability of the Speaker

In the posttest, participantswerefirst asked how often they used
the speaker during the 3-month study period. They were then
asked to rate whether the speaker was easy to use, if it seemed
easier to use over time, and if they understood how to ask the
speaker a question, with response options ranging from totally
disagree to totally agree. Participants then rated how often the
speaker correctly understood their questions, with response
options ranging from al the time to never.

Reactions to the Speaker

Onthe basis of the feedback gathered throughout the study, we
created an index of reactions to the speaker content, including
how connected the speaker made them fedl to the world, if it
helped them keep track of appointments, if the speaker helped
them keep track of the day or time and appointments, and if it
made them feel less lonely.

Process Data Notes

A spreadsheet was created that tracked each interaction with
the participants, including phone callsand in-person interactions.
For each interaction, the study staff listed the topic of the call,
including any issues or positive statements about the speaker.
Resolutions for these issues were also noted.

Analysis

Responsesto the pretest and posttest were analyzed. Frequencies
and percentages were gathered from all pretest and posttest
variables. Process notes were analyzed for counts of certain
types of issues or interests expressed by the participants.

Results

Overview

The final sample comprised 39 participants (Table 1). Most
(36/39, 92%) of the participants were female and White (38/39,
97%). The demographics of the study participants closely
matched the demographics of the community. All the
participants had an income of <US $35,000, with the majority
having an income of <US $15,000 per year. Approximately half
(20/39, 53%) of the participants felt that they were getting by
ontheir current income, athough 34% (13/39) of the participants
indicated that they sometimes or often experienced food
insecurity.
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Before the study, 56% (22/39) of the participants were using  significantly more likely to use the internet frequently (Table

the internet (on a computer or smartphone) at least once per  2: ¥2=11.6; P=.02). The most frequently owned device was a
day, and 33% (13/39) of the participants rarely or never used  smartphone (21/39, 54%).

the internet, with those who had in-unit internet access

Table 1. Participant demographic characteristics (n=39).

Demographic Values
Sex, n (%)
Female 36 (92)
Male 3()
Age (years), mean (SD; range) 72.62 (5; 64-82)
Race, n (%)
White 38(97)
Black 1(2
Income (US $), n (%)
0-9999 11 (29)
10,000-14,999 15 (40)
15,000-19,999 8(21)
20,000-34,999 3(8)
Education, n (%)
<8 years 1(2
8-11 years 5(12)
12 years or completed high school 5(12)
Post high schooal training other than college (vocational or technical) 9(23)
Some college 10 (25)
College graduate 5(12)
Postgraduate 2(5)
Income security, n (%)
Living comfortably on present income 6 (15)
Getting by on present income 21 (53)
Finding it difficult on present income 10 (25)
Finding it very difficult on present income 2(5)

Food ran out and did not have money to buy more, n (%)

Never true 26 (66)
Sometimes true 12 (30)
Often true 1(2)
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Table 2. Technology use before the study (n=39).

McCloud et al

Values, n (%)

Freguency of internet use

Never

Rarely

Once or twice amonth

Once aweek

A few times per week

Once aday

Many times per day
Had internet access at their residence before the study
Devices owned

Smartphone

Tablet

Computer

Smart television

None of the above devices owned
Comfort with using theinternet

Not comfortable at all

Somewhat comfortable

Comfortable

Very comfortable

9(23)
4(10)
0(0)
0(0)
2(5)
3(7)
19 (48)
22 (56)

21 (55)
17 (44)
11 (28)
6 (15)
8(21)

5(12)

13(33)
10 (25)
11 (28)

End of Study Device Uptake

By the end of the study period, 38% (15/39) of the participants
said that they had used their speaker once per day, and 38%
(15/39) of the participants had used it several times per week.
There were no significant differences between having internet
access before the study and use or usability ratings of the smart
Speaker.

Textbox 1. Reasons given for terminating speaker.

After the study, 72% (28/39) of the participants kept the speaker,
with 53% (9/17) of the participants who did not have prior
access keeping the speaker and retaining their internet access
to continue use. Of the 11 participants who did not keep their
speaker (Textbox 1), 3 had to do so because of their inability
to maintain their internet connection. One cited increased
concerns about privacy. Another stated that the speaker had
given her the confidence to get the internet and try new things
but that she felt that she got more value from anewly purchased
tablet.

Reason given by participants

Had trouble hearing the speaker and lost interest (1 participant)

© © N o g A~ w N E

No reason given (1 participant)

Relied on a study-based internet connection and were not able to maintain internet connection. (3 participants)
Had increased privacy concerns and did not want to use the speaker (1 participant)
Felt that other newly purchased devices (tablet) provided more value (1 participant)

Had difficulty with the internet provider and lost interest (1 participant)
Did not have any other devices; did not want to maintain the internet connection (1 participant)
Liked the device but did not want to continue using it (1 participant)

Did not use the device often and did not want to maintain the internet connection (1 participant)

https://aging.jmir.org/2022/2/e33498
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Sdf-reported Uses of the Speaker

Common uses of the speaker that were quantifiedin the posttest
are reported in Table 3, with all participants (39/39, 100%)
citing that they used the speaker for the weather and 89% (34/39)
of the participants saying that they used the speaker to listen to
music. On reviewing the process data, we found that participants

McCloud et al

cited additional uses in their conversations with study staff,
including using the speaker to read Bible verses, relying on the
unit for reminders (such as for medication or physician
appointments), meditation, and asking about the date and time.
Another finding noted in the process data notes was that
participants enjoyed saying good morning and good night to
the unit.

Table 3. Percentage of participants using the speaker for various activities (n=38).

Activity Values, n (%)
Wezather 38 (100)
Music 34(89)
Health 21 (55)
News 17 (44)
Conversation 17 (44)

Reactions to the Speaker

More than half of the participants agreed or strongly agreed that
the speaker was useful (24/39, 63%), helped them obtain the
required information (24/39, 62%), and hel ped them keep track
of the day and time (24/39, 62%; Table 4). Approximately half
of the participants said that the speaker provided another voice

Table 4. Reactionsto the speaker (n=39).

totalk to (19/39, 49%) and felt that the speaker made them feel
more connected to the world (18/39, 46%). Although almost
half of the participants (17/39, 44%) felt that the speaker
reconnected them to interests such as music or history, fewer
participants (9/39, 23%) reported that the speaker helped them
with their health.

Strongly disagreeor disagree, n (%) Neutral,n (%) Agreeor strongly agree, n (%)

Speaker reaction

Having aspeaker made mefeel more connected withtheworld. 4 (10)
Having a speaker makes me feel more confident about using 5 (12)
technology.

Having a speaker gave me an opportunity to strengthen my re- 8 (20)
|ationships at the Towers.

Having a speaker made me feel closer to my family (children, 10 (25)
grandchildren).

The speaker made me feel like | had another voiceto talk to. 8 (20)
The speaker helped me keep track of what day or timeitwas. 4 (10)
The speaker made it easier to get the information | need. 2(5)
The speaker hel ped me keep track of my commitmentsand ap- 2 (5)
pointments.

The speaker made me feel less lonely. 8 (20)
The speaker provided me with a sense of comfort. 9(23)
By the end of the study period, the speaker interactionswere 5 (12)
important to me.

The speaker reconnected meto my interests (suchasmusic, art, 6 (15)
or history).

The speaker helped me with my health or nutrition. 11 (28)
| felt like there was something lacking in my interactionswith 13 (32)
the speaker.

The speaker met my expectations. 5(13)
The speaker was useful to me. 2(5)

16 (41) 18 (46)
15 (39) 19 (48)
22 (56) 8 (20)
19 (48) 7(17)
10 (25) 19 (48)
10 (25) 24 (61)
11(29) 24 (61)
20 (51) 15 (38)
19 (48) 9(23)
19 (48) 9(23)
16 (41) 18 (6)
15 (39) 17 (43)
17 (43) 9(23)
18 (48) 7(19)
15 (40) 17 (45)
12 (31) 24 (63)
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Praocess Data Findings and Responses

During the early weeks of the study, 31% (12/39) of the
participants commented in their check-in calls about the
difficulties with asking questionsto the unit. Owing to frequent
comments about this issue, a workshop was held to provide
assistance. Within thisworkshop, it was revealed that there were
the following concerns: (1) participantsfelt that the device was
giving inconsistent answersto the same question, (2) participants
felt that the device was not acknowledging them, and (3)
participants were often asking questions that were too long or
complex (such as multipart questions). Many participants were
asking multipart questions that the speaker could not process,
were pausing too |ong between the wake word and their request,
or were spending time trying to frame their request in a polite
manner (during which time the speaker determined that the
request was not relevant). Within thistrial session and workshop,
it was al so determined that there were some optionsthat required
skills (particular apps that are saved within the speaker
preferences only oncethe user activatesthem) to providereliable
answers to particular questions. For example, if the participant

Textbox 2. Reactions to the speaker.

McCloud et al

wanted the speaker to read Bible verses, a particular skill could
be enabled that would provide the desired results of requesting
a particular verse. However, without requesting to open this
skill, the speaker may pull from various other sources (or
interpret their request as asking the speaker to recite the whole
Bible from the beginning), thus the answer discrepancy. Owing
to theseissues, the research team offered suggestions and created
anewsletter that addressed common ways of wording (such as
focusing on brief, direct commands) and simple directions to
enable commonly desired skills.

Another issue discovered through process notes was that 5
participants had volume issues. Volume issues were often
exacerbated by loud air conditioner units that were in the same
room as the speaker, as most participants preferred that the
speaker be placed in their living room. Each participant who
noted avolumeissue was provided with an additional Bluetooth
speaker that could increase volume.

Within the process notes, several direct quotations noted also
speak of the positive reaction to the speaker (Textbox 2).

Quotes from participants about their speaker interactions
o ‘“itisniceto have someoneto talk to.”

o “it'slike [the speaker] isalittle friend.”

« "l enjoy the company.”

«  “The speaker has ‘become part of the family’.”

« “atleast| have somebody to talk to.”

Discussion

Principal Findings

This feasibility study indicates promise for the use of smart
speaker technology in a group of low-SEP older adults. By
providing the speaker and related support to older adults, the
research team was able to observe the barriers and facilitators
of initial speaker use in this population. Overall, the speaker
was well received by most of the sample, with 38% (15/39)
reporting daily speaker use and 38% (15/39) reporting using it
several times per week. Participants perceived the speaker as
useful and assisting them in finding the information they needed.
Although there were initial barriers to uptake in using the
speaker, frequent monitoring and check-ins with study staff
alerted the study staff to these issues; once addressed, the
perceived ease of use of the speakers appeared to increase.

Notably, most of the participants (28/39, 72%) opted to continue
using the speaker after the study period ended. Thisillustrates
thejourney of many participantsfrom being technology hesitant
to routinizing technology usein their day-to-day lives. Although
there was a learning curve for understanding how to frame
guestionsto the speaker, it was embraced by many respondents.
At the end of the study, 53% (9/17) of the participants who did
not have internet access before the study elected to maintain
internet access and continue using the speaker. This echoesthe
patterns observed by the Pew Research Center that once older

https://aging.jmir.org/2022/2/e33498

adults are on the web, the technology becomes a daily fixture;
among internet users aged =65 years, 75% use the internet on
atypical day at least daily, with 51% saying they go on theweb
severa times per day and 8% say they use the internet almost
constantly [15]. This percentage has increased among
smartphone users, with 76% of those owning a smartphone
using the internet several times per day or more.

Participants found many sources of value of the speaker,
including connecting to the world, accessing information, and
using the device for reminders. Process data notes taken during
check-insreflect the interest in using the speaker for reminders
of doctors' appointments and social engagements, particularly
to remember events happening within the residence. Participants
indicated the value of the speaker to help them keep track of
the day and time, afeature that was deemed useful for keeping
track not only of appointments but also to anchor them to the
present. The frequency and enthusiasm with which participants
used the speaker for this purpose and for connecting to music
and other interests suggests the potential for this technology to
be an asset to this population, particularly in overcoming some
of the additional challengesto mobility, dexterity, and resource
access by low-SEP older adults[2]. For example, the connection
participantsfelt to music and other interests through the speaker
was an integral part of facilitating interest and continued use
and may also connect to emotional well-being. Future analyses
will explore the back-end data of the device to determine in
detail the frequency and variety of use of the speaker.
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This study identifies some potential strengths and weaknesses
of smart speakersin this population. Despitetheinitial hesitance
with the speaker, most participants found value in the speaker,
using it several times per week, with many even reaching daily
use. Future analyses of our back-end data will further explore
how this has been integrated into their lives.

This study also points to potential issues that should be
addressed when designing a smart speaker study within this
population. First, initial hesitance to technology use may be
noted, particularly because of privacy concerns. Within this
project, the buy-in and assistance of the staff at the residence
were critical to project success, as they provided space for
residents to convene for speaker-related activities and served
as champions for our process. Second, this study points to the
need for targeted training on using the device onceit isinstalled,
with emphasis placed on how to properly craft questions and
how to activate certain skills of interest. Of note is the lower
percentage of participants (9/39, 23%) who felt that the speaker
helped them with their health or nutrition. Within the study, the
newsletters that were provided to participants emphasized
different health-related activities for participantsto try, such as
asking for calorie information in certain foods but process
findings suggest that these queries did not always yield useful
information. Thesefrustrationswith correctly framing questions
have also been cited in a previous qualitative study, in which
groups of older adults wereinvited to test out the speaker [16].
Studies that intend to use a smart speaker for health-related
purposes should be prepared to provide direct training on how
to ask questions about health-related topics or should train
residentsto use a selected health-related skill (such asaspecific
nutrition app). Further benefit may be gained by orienting the
user to skills that are specifically created to address the needs
of older users [16]. Furthermore, in this study, we noted that
several participants had difficulty in hearing the speaker. We
tested a smaller version of the speaker; the full-size unit with a
larger speaker may be required as well as the option to receive
a Bluetooth speaker that can reach a higher volume.

This study had some limitations. Aswe created study accounts,
wewere not ableto sign participants up for some of the specific
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older adults—focused skillsthat required passwords and personal
details; therefore, we were unable to study the use of these
targeted apps. Our recruitment also occurred within one senior
housing unit in which participants would often share tips and
experiences with other participants in the study. It is unknown
whether we would have had the same success if we had
conducted this study with home-dwelling older adults.

Degspite these challenges, smart speakers are still poised to
alleviate some of the main barriers to technology use in this
population once these factors are addressed. Many functions
that were of value to the participants were integrated quickly
into routines upon brief demonstration (playing music, setting
reminders, and the asking for time) and showed immediate value
at alow cost. Several participants reported gaining confidence
in technology because of the ease of the speaker for basic
functions, and they were eager to learn how to explore more
uses. Speaker manufacturers may consider building in features
that can aid in understanding additional speech patterns and
have easi er-to-navigate menus of information options built into
basic features. Although some of these features may appear in
certain skills geared toward ol der adults, these functions would
assist a larger section of the population that has low literacy
and low health literacy use the unit to find the required
information. Future research may explore in greater detail the
value of other aspects of the speaker, such asthe aforementioned
specific skills designed for older adults as well as other smart
devices that can be linked to the speaker to assist further with
daily life, such as smart switches and thermostats, that may
assist low-SEP adults in living independently.

Conclusions

Smart speakers show great promisefor providing low-SEP older
adults with an opportunity to increase their connection with
music, news, and the weather as well as providing a way to
anchor them to the date and time. Asresearch using this speaker
in this population progresses, specia attention should be paid
to the design of health-related skills and services to determine
the best way to engage older adults with relevant, useful health
content.
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Abstract

Background: One of the main challenges of health monitoring systems is the support of older personsin living independently
in their homes and with relatives. Smart homes equipped with internet of things devices can allow older persons to live longer
in their homes. Previous surveys used to identify sensor-based data setsin human activity recognition systems have been limited
by the use of public dataset characteristics, data collected in acontrolled environment, and alimited number of older participants.

Objective: The objective of our study isto build amodel that can learn the daily routines of older persons, detect deviationsin
daily living behavior, and notify these anomaliesin near real-time to relatives.

Methods: We extracted features from large-scale sensor data by cal culating the time duration and frequency of visits. Anomalies
were detected using a parametric statistical approach, unusually short or long durations being detected by estimating the mean
(1) and standard deviation (o) over hourly time windows (80 to 355 days) for different apartments. The confidence level is at
least 75% of the tested values within two (o) from the mean. An anomaly was triggered where the actual duration was outside
the limits of 2 standard deviations (u—20, U+20), activity nhonoccurrence, or absence of activity.

Results: The patterns detected from sensor data matched the routines self-reported by users. Our system observed approximately
1000 meals and bathroom activities and notifications sent to 9 apartments between July and August 2020. A service evaluation
of received notifications showed a positive user experience, an average score of 4 being received on a1 to 5 Likert-like scale.
One was paor, two fair, three good, four very good, and five excellent. Our approach considered more than 75% of the observed
meal activities were normal. Thisfigure, in reality, was 93%, normal observed meal activities of al participants falling within 2
standard deviations of the mean.

Conclusions: In this research, we devel oped, implemented, and evaluated a real-time monitoring system of older participants
in an uncontrolled environment, with off-the-shelf sensors and internet of things devices being used in the homes of older persons.
We also developed an SMS-based notification service and conducted user evaluations. This service acts as an extension of the
health/social care services operated by the municipality of Skellefted provided to older persons and relatives.

(IMIR Aging 2022;5(2):€28260) doi:10.2196/28260

KEYWORDS

Activities of daily living; smart homes; elderly care; anomaly detection; 10T devices, smart device; elderly; sensors; digital
sensors; Internet of things
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Introduction

Emerging technologies have, in recent years, given rise to the
internet of things (10T). IoT isacombination of smart devices,
sensors, and actuators used to connect and interact through the
internet and to collect, share and analyze data. Kevin Ashton
first coined the term 10T in 1999 to promote radio frequency
identification technology [1]. 0T usability and its rea-time
monitoring capabilities have paved the way for a new range of
applications. 10T applications in environments such as smart
homes|[2], for example, have the potential to support and assist
older persons and help them live independently in their homes
[3]. These systems can also help indicate the ability of older
adults to perform basic daily routines such as cooking and
bathing [4].

The need for assistive technologies is driven by the older
population, with Sweden's older population, for example,
expected to increase by 45% and 87% by 2050 for the age
groups of 65-79 years and =80 years, respectively [5]. Smart
homes fitted with I0T devices can allow older persons to live
independently in their homes and allow the “elderly to age in
place for twice as long” [6]. Affordable and low-maintenance
loT-based monitoring systems can also provide significant
benefitsin challenging times, such asthe recent global COVID
pandemic, particularly for older persons who were the most
vulnerable group in the COVID-19 pandemic. A significant
proportion of COVID-19 related deaths (48.9%) were among
care home residents (the Swedish Public Health Agency [7]).
Activities of daily living (ADL) in ambient assisted living
applications can therefore play an even greater role in a
pandemic through protecting older persons and reducing the
pressure on health care providers.

Human activity recognition (HAR) isone of the most important
research topicswithin ADL applicationsfor smart homes. This
isat least partially due to the level of support it can provide to
older personsand to health care providers. HAR isachallenging
and well-researched topic. Advanced 10T devices and low-cost
sensors can, however, make activity data collection less
expensive [8]. HAR activities can be classified by their
granularity and atomic events [9] (eg, open a door). HAR can
also help infer high-level activities such askitchen or breakfast
activities through considering contextual environment
information [10-15], which only requires a limited number of
sensors. The detection of abnormal behaviors by ADL
applicationsisvery relevant in health care monitoring systems,
particularly in health care systems of older persons where
abnormal behavior detection can be of crucia importance [16].

Our research objectives are focused on building a model to
identify and learn behavioral patterns and, through this, allow
the detection of anomaliesin the behavior of older personsusing
ADL applications and 10T data. This also alows family
members to be notified in near real-time. The contributions of
our paper are as follows:

https://aging.jmir.org/2022/2/e28260
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«  We propose, develop, and evaluate an iVO data analytics
architecture for anomaly detection to detect norma and
abnormal patternsin the daily activities of older persons.

«  Webuild a statistical real-time anomaly detection method
that includes online data processing.

«  Weranour trid in areal-life environment for approximately
64 daysfor nine different participants, median age 89 years,
living in single-resident apartments. We collected data for
analysis for approximately 2 years for each household to
model the behavior.

«  Wedeveloped an SM S-based notification serviceto interact
with the relatives of older participants, and we conducted
user evaluations. Notifications of normal daily activities
and anomalies were sent via SMS to relatives as positive
and negative notificationsviaour developed real -timeonline
system.

The “Internet of Things (10T) within health and care” (iVO)
project [17] started in 2018 and was founded with a focus on
older personsliving independently in smart home environments.
Participant apartmentswere at threelocationsin Sweden, inthe
municipalities of Skellefted, Kiruna, and Uppsala. Pilot study
participants were from Skellefted municipality, 12 apartments
being included, and around 1000 activities being observed over
2 months in the summer of 2020. In the following sections, we
present theimplementation of this study, the results, discussion,
and conclusions.

Methods

This section describes our research method. This includes the
experimental setup, iVO architecture for anomaly detection
service, the identification of participant routines and needs
(based on interviews), and types of installed sensors.

Experimental Setup

The experimental study reported in this paper, however, includes
12 participants with amedian age of 89 years. Three participants
were later excluded due to unexpected life events. We used a
statistical method to classify participant behavior into normal
and abnormal (anomalies). This was based on whether the
amount of time spent on an activity in each room was low or
high in duration. The experimental setup worked according to
routines collected during the interviews. The main focus was
the meal activities.

iVO Architecture for Anomaly Detection Service

The iVO architecture is a layered architecture with horizontal
connectivity of different sensors and service providers. iVO
architecture is built using FIWARE [18], connecting
off-the-shelf sensors and 10T devicesviaan IoT platform. The
platformis called societal development through secureloT and
open data (SSIO) [19]. The SSIO platform was designed and
implemented for different |oT applications and services within
asmart city, adetailed description of theiVO architecture being
given in Sagunaet a [20]. The installed sensors are connected
via gateways to a service provider (an iVO project partner) to
push the sensor datainto the SSiO platform, as shownin Figure
la. TheiVO analytics component is shown in Figure 1b.
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Figure 1. (a) iVO architecture with SSIO platform, (b) iVO analytics. iVO: internet of things within health and care; SSIO: societal development

through secure 10T and open data.
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Participant’ Routines and Needs | dentification Based
on Interviews

The project’s first pilot study for the selected age group has
been described by Saguna et a [20]. We identified targeted
activities through the interview process. The interviews also
provided information on the needs of participants and their
relatives and activities of interest. The interviews were
conducted with the participants along with their relatives who
answered questions on the activities they would like the model
to recognize, their general opinion of home monitoring, their
expectations of implementation, and details about their daily
routines. All interviews were documented and recorded by

https://aging.jmir.org/2022/2/e28260
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researchers. All participants gave their written consent to use
their data.

Most of the participants and their relatives expressed their
interest in monitoring meal activities in the kitchen. A matrix
of the activities of each participant was constructed based on
the environmental setups in each household, on the number of
sensors, available kitchen appliances, and the interview
responses. The interviewees expressed an interest in receiving
both negative and positive notifications. Negative notifications
notify that anomalies have been detected in behavioral patterns
and positive notifications notify that the activity behavior is
normal. Thisis shownin Table 1.
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Table 1. End- users preference for activity recognition.
Apartment ID and Age? Activities Number of sensors® Notifications
1,96 «  Breakfast: 6:00-9:00 o Total: 9 N/PA
. Lunch: 11:00-13:00 «  Water bailer, kitchen & bathroom mation sensor
o Bathroom: 22:00-5:00
. Bathroom: 00:00-23:59
2,91 . Breakfast: 7:00-9:00 o Total: 11 NE
. Kitchen motion sensor, micro
3,9 .  Breakfast: 7:00-10:00 . Tota: 8 N
«  Coffee machine, kitchen motion sensor
4; 99 . Breakfast: 6:00-7:00 « Tota:9 N
. Lunch: 11:00-13:00 «  Coffee machine, micro, kitchen motion sensor
o Dinner: 16:00-18:00
5; 89 . Breakfast: 5:00-8:00 « Tota: 9 N
«  Coffee machine, kitchen motion sensor
6; 83 . Breakfast: 7:00-10:00 « Tota: 10 N/P
«  Water boiler, kitchen motion sensor
7: 94 . Bathroom: 4:00-6:00 « Tota: 11 N/P

. Bathroom motion sensor, water meter

8Apartment |D and age are defined for each participant in this study; each apartment has a single resident.
BMeals activities in the kitchen and visitation to the bathroom: from the interview data, we identified the most common routines among all participants,

including a start time and end time of each activity.

“Number of sensors: the total number of installed sensors at each apartment and the type of sensors used to monitor each corresponded activity in this

study implementation.

N/ negative and positive notifications. The type of notifications that the relatives are interested in receiving on each individual's activities. Negative
and positive notifications represent abnormal and normal behavior in performing the activity, respectively.

N: negative notifications.

Ethics Approval

The ethical principlesraised by and applied to the project were
considered in collaboration with the department of homecare
at Skellefted municipality and were approved by the regional
ethical committee. The participants gave their consent for the
use of their data and the installation of in-home sensors. The
project was, overall, in compliance with the European Union’s
General Data Protection Regulation guidelines [21]. The data
collection and processing included in this study were approved
by the Regiona Ethical Board in Umea, Sweden (diary no.
2018-189/31).

Sensor s, Data Sets, and Data Preprocessing Module

iVO smart homes use awide range of off-the-shelf |oT devices
and sensors, these systems also being referred to as

https://aging.jmir.org/2022/2/e28260

dense-sensing network technologies[22]. This study, however,
only looked at motion sensors, wall plugs, and smart water
meters. The sensor instalation and floor plan of an older
person’s home are shown in Figure 2. All nine apartments have
asimilar floor plan. Datacleaning isan essential part of thefirst
phase of the study implementation. It isunavoidablethat sensors
will fail, sensor readings will be lost, and sensor data sets are
duplicated, leading to vagueness and imprecision, fal se positives,
and falsealarms[23]. Thisis of even greater importancein older
person care health monitoring systems [24]. A reliable
monitoring system, therefore, needsto be built beforethefeature
engineering phaseis begun. Datacleaning applies, in particular,
to motion sensors, redundant data being removed, and missing
reading values being identified. Outliersdueto visitors or home
care visits were excluded.
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Figure 2. The generic layout of a participant apartment and sensor placements [20].

Four-in-one motion sensor

s Door/Window sensor

. Smart plug

Data Processing M odule

Inthismodule, we calculated daily duration and visit frequencies
for all roomsto extract patternsfrom and analyze user behaviors.
Daily durations are further processed into hourly-based
durations. Our analysis used historical data setsfrom the 2-year
data sets. Scalability and re-usability are, however, notable
challenges to building individualized activity models [25].
Features engineering is the first step in this module, the time
duration feature being the length of time the person spent
moving or not moving in the room until transiting to another
room/location. The frequency of visits is the number of times
the person transitsto another room and returns. We used afixed
time window, which is specified by the start and end times of
the routines described in the interviews. These time windows,
described in Table 1, are used to classify datainto normal and
abnormal activities.

Proposed Anomaly Detection M odule

Hawkins has defined an outlier as*“an observation that deviates
so much from other observations as to arouse suspicions that it

https://aging.jmir.org/2022/2/e28260

. Water meter sensor

was generated by a different mechanism” [26]. Detecting
anomalies in data has been studied in the statistics community
since the 19th century [27]. There are different approaches to
detecting anomalies, including the mining-based approach, the
logic-based (rule-based) approach, the ontol ogy-based approach
[28], and the statistical-based approach [16]. A statistical
parametric model can be asimpleapproach to anomaly detection
problems, assuming that the data is normally distributed, fits
certain distributions, and that the value of these parametersis
unknown. These must be estimated from the given data
Selecting the correct statistical tool for anomaly detection,
however, requiresthe validation of anormality assumption [29].

Normally distributed data can often be tested using histograms.
A histogram may not, however, reveal the shape of the
distribution. The selection of the normality test tool was based
on acomparative study of different normality tests. This study
showed that the Shapiro-Wilk test was the most suitable tool
for data sets of sample sizes of between 50 and 2000 [30], the
null hypothesis in this test being that the sample is a normal
distribution. Thishypothesisisrejected if Pvaluesarelessthan
.05 (95% ClI). Results of the tests can be found in Table 2.
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Table 2. Shapiro-Wilk normality test.

Shahid et al

Apartment and activities®

Shapiro-Wilk normality test (test statistics W and P val ueﬁ)b

1
Breakfast: 6:00-9:00
Lunch:11:00-13:00
2  Breakfast: 7:00-9:00
3 Breakfast: 7:00-10

Breakfast: 6:00-7:00

Lunch:11:00-13:00

Dinner:16:00-18:00
5 Breakfast: 5:00-8:00
6 Breakfast: 7:00-10:00

Breakfast: 7:00-10:00
Lunch: 10:00-13:00
Dinner: 17:00-20:00

9 Breskfast: 08:00-10:00

W=.981, P<.001 (reject HO)
W=.972, P<.001 (reject HO)
W=.954, P<.001 (reject HO)
W=0.926, P<.001 (reject HO)

W=.979, P=.047 (reject HO)
W=.949, P<.001 (reject HO)
W=.962, P=.001 (reject HO)
W=.967, P=.003 (reject HO)
W=.958, P=.009 (reject HO)

W =.943, P<.001 (reject HO)
WE.967, P=.005 (reject HO)
W=.729, P<.001 (reject HO)
WE.982, P=.05 (fail to reject HO)

3\leals activitiesin the kitchen and visitation to the bathroom: from the interview data, we identified the most common routines among all participants,

including a start time and end time of each activity.

Bf the P value of the Shapiro test is smaller than .05 (the threshold), then the data significantly deviates from anormal distribution.

The normality test results show that 12 out of 13 (92%) tested
meal activitiesin our study do not show a normal distribution.
We, therefore, selected Chebyshev’'s inequality theorem, a
nonparametric statistical method, to detect anomalies [31] in
user daily activities based on time duration. Chebyshev's
inequality constructs the upper and lower interval for the
percentage of the datathat falls outside of k standard deviations
from the mean. It holds no assumptions about the distribution
of the data.and can be used in situations where at |east 75% of
the data is within 2 standard deviations of the mean. This can
be more than 75% in some cases.

Theinequality in Equation (1) cal culates an upper bound ¥ for
the probability of random values exceeding (k) 2 standard
deviations from the mean. We, therefore, define an outlier asa
data point of atime duration in minutes or hours that exceeds
the expected duration by 2 standard deviations [13].

P(IX-u| = ko) < 1/k*(1)
X is the random variable, 1 is the mean, and o is the standard
deviation.

A value for p, the significance level of the intervals, is 0.25.
This determineswhich dataare potential outliers. Tofind k using
Equation (2):

k=1Np(2)
The significance level is 0.25 with a confidence level of 75%
and ak value of 2. Equation (3) can be used to determine the
probability that a randomly selected value is in the interval,

around 75% of observationsfalling within 2 standard deviations
of the mean.

https://aging.jmir.org/2022/2/e28260

pxko (3)

Durations that lie between the lower and upper thresholds are
considered to be normal. Data from wall plug sensors was a so
processed and added to the notifications as additional context.
We, however, restricted the model to the duration feature, wall
plug sensors, and visit frequencies not being used in the anomaly
detection classification process. Our observations showed
duration to be the most important feature, duration showing
how long a participant remained in a room to perform an
activity.

Types of anomalies with example situations:

« Unusually long/short activity: duration in a room in a
specific timeframe is unusually long/short, indicating a
fall/unconsciousness or health issues[11,15,16].

« Not present: when a user is expected to bein aroom in a
specific timeframe but is not [13].

Notification Service M odule

Our implementation delivers positive or negative notifications
to relatives and caregivers. Positive notifications represent
normal days, and negative notifications represent anomalous
days. The natifications were sent via SMS [15]. Negative
notifications are sent when activities deviate from the observed
normal behavior, which is based on analyzed historical data.
Positive notifications are sent when the user’ sbehavior isnormal
and when the relative expresses an interest in receiving such
notifications. The design of the notification service processin
Figure 3 starts by reading a configuration file, which automates
a schedule and starts the service process.
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We contacted the rel atives before running the system to inform
them of the activities they would be notified about. They were
shown a notification format and the information that would be
included. They were optimistic about the possibilities that the
system could provide, the system providing comfort through

Shahid et al

being able to remotely check in on their parents daily. A
consensus was reached with participant relatives on the content
of the notification and the type of communication to be used
(ie, SMS).

Figure 3. The process for notification service implementation. DB: database; No: Apartment number; SSiO: societal development through secure 10T

and open data.
Read configration file Monitor mongodb DB Query sensor data from Fetch data of each
start-end time, Cl, ——| connection and SSi0 |—— mongodb start-end |—— .
, sensor previous day
apartment no. platform to proceed time
\/
Validate the amount of . .
incoming datasets with Process plug sensors Process motion sensors Detect anomalies by
. . .« F—>| dataandsmartwater |—— data, calculate ——>| utilizing the calculated
previous day to identify ) 4
. meter durations & frequency custumized thresholds
sudden sensor failure

v

Send notifications to
end-user with 1-2
minutes delay

Store sent notifications
into database for
analysis

The natification structure included the number of minutes spent
on the meal activity, across how many visits, whether they used
any appliances, and the normal duration of the activity for that
participant based on their identified patterns. An example of
the structure and information for one positive naotification sent
for apartment 1 is shown below:

50.4 minutes of activity in the kitchen between 07.00
and 10:04, during 8 visits. The kettle has been used.
Our analysis shows that 9-70 minutes is the normal
time duration in the kitchen. If that message is not
correct and deviates from the actual event, we are
grateful for feedback with a description of the
deviation. [LTU iVO Message ID: 1, 2020-07-21]

Therelativeswere given the option to reply to every notification.
This response included feedback when there was anomalous
behavior.

https://aging.jmir.org/2022/2/e28260
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Results

Duration and visit frequency are essential in the analysis of user
daily behavior. Figure 4a shows time durations in minutes in
different rooms of the apartment, frequencies of visits being
shown in Figure 4b. The participant in apartment 1 spent more
time in the kitchen than in the other rooms, except for 2 days
in the triadl month. This indicates that the participant is active
during the morning due to eating breakfast. The number of
transitions from and to the bedroom in Figure 4b showsthat the
participant is active, the participant remaining in the bedroom
for only short periods of time. Such behavior conforms with a
typical morning.
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Figure 4. (a) Datafor the duration in all rooms between 06.00 and 10.00 in apartment 1 (August 2020), (b) Data for the number of visitsto all rooms

between 06.00 and 10.00 in apartment 1 (August 2020).
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Visits to the bathroom also show consistency, multiple visits
for short periods of less than 10 minutes. The duration in the
bathroom for four days on the 5th, 12th, 19th, and 26th of
August 2020 was, however, 20-25 minutes. These days were
cross-checked with this participant’s profile and showed that
home care visited the participant to help them with bathing. The
participant spent lesstime in the bedroom and more time in the
kitchen on most weekend days (1, 2, 8, 9, 15, 16, 22, 23, 29,
30) in August. The kitchen was the most used room in the

apartment, especially inthe morning, as opposed to in the lounge
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and bedroom. User behavior can easily be interpreted from
durations and transitions between the rooms.

The value of the inequality is used when we only know
probability distribution estimates, mean and standard deviation.
These approximations are derived from the historical data sets
of extracted features of time duration in the kitchen, as the
example in Figure 4a shows.

Figures 5a and 5b show the distribution of time durations of
two-meal activities for 351 days in 2019 and 2020. It can be
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seen that the participant spent between 1-2 hoursin thekitchen  half an hour and more than two hours in the kitchen during a
in the morning on 250 of the 351days (Figure 5a). There are  year, these being on the extreme right and left sides of the
only afew daysin the year when the participant spent lessthan  distribution.

Figure 5. Probability distribution with mean (SD) for 351 days in the kitchen between (a) 6:00 and 9:00 and (b) 11:00 and 13:00 in apartment 1.

(a) Between 06:00_09:00; mean 87.64; (SD 28.79) 351 days
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Figures 6a, Figures 6b, and Multimedia Appendices 1, 2, and
3 show the activity of aparticipant in thekitchenin themorning
and mid-day. Figure 6a shows the time spent in minutesin the
kitchen between 6:00 and 9:00 in July and August 2020. The
red lines represent the calculated minimum and maximum

(b) Between 11:00_13:00; mean 52.28; (SD 28.02) 355 days

0 20 40 60 80
Durations in minutes

100 120 140 160

thresholds and are based on the mean and standard deviation
information given in Figure 5, which was calculated from the
2019 and half of 2020 data (355 days). This provides valuable
information on probability.

Figure6. (a) Dataof durationsin kitchen between 06:00 and 09:00 in apartment 1, (b) Dataof duration in kitchen between 11:00 and 13:00 in apartment

1, (red lines represent lower/upper bounds) for July and August 2020.
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About 80% of the duration lies within the range of 29 to 145
minutes. The kitchen was not used by the participant in the
breakfast activity timerange on August 6 and September 3, this
being anomalous. The time duration for lunch activity between
11 and 13 (Figure 6b) shows either very short or long stays. It
isnoticeablethat thelevel of activity islow inthekitchen, which
could be due to lunch only being prepared in the kitchen but
eaten in another room.

Shahid et al

Table 3 summarizes the estimates of each average mealtime
duration as calculated from the historical data (80 to 355 days)
for eight apartments. The values are depicted in Figure 5 and
Multimedia Appendix 4. The number of trial days of each
observed mealtime and the average duration in the notification
trial between July and August 2020 is a so depicted.

Table 3. Average duration in the kitchen as observed from total historical daysis consistent with average duration in the kitchen as observed from total

trial days.
Household and mealtime from Total historical days® ~ Average Duration for Number of trial days” Average Duration for trial
interviews® historical days” days®
Apartment 1
6:00-9:00 351 87 69 82
11:00-13:00 355 52 66 39
Apartment 2 7:00-9:00 364 34 51 32
Apartment 3 7:00-10:00 144 40 60 42
Apartment 4
6:00-7:00 126 24 56 23
11:00-13:00 140 47 42 63
16:00-18:00 137 44 46 38
Apartment 5 5:00-8:00 128 29 46 30
Apartment 6  7:00-10:00 81 41 52 41
Apartment 8
7.00-10:00 115 40 62 41
10:00-13:00 119 41 64 44
17:00-20:00 115 17 57 23
Apartment 9 8:00-10:00 145 55 45 73

@\l eals routines in the kitchen collected from the interview data, including a start time and end time for each.
ONumber of past days defines regular activity patterns defined from the records in 2019 and the first half of 2020 data.
CAverage duration associated with each meal during 2019 and the first half of 2020 data.

dNumber of observed days during the trial July-August 2020 for each meal activity.

€Observations of average duration associated with each meal during the trial July-August 2020.

For example, participant 1 follows a pattern of performing the
breakfast activity between 6:00 and 9:00. This shows that she
was consistent in her habits. The regular pattern derived from
the historical data showed a duration of 87 minutes, while
observations from the notification gave aduration of 82 minutes.
Most of the participants are consistent in their habits, following
a pattern in daily meal activities. The activities also occurred
within the self-reported timings.

https://aging.jmir.org/2022/2/e28260

We observed approximately 1000 meals in nine apartments
between July and August 2020. We also observed bathroom
activity. Table 4 shows the number of positive and negative
notifications for normal and anomalous behavior sent to each
household's relative. The notifications are based on the
end-users wishes defined in Table 1.
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Table 4. Types of notifications sent for eight apartments for each mealtime during July-August 2020.

Apartment ID, type of notifica N egitime from interviewsS

Number of observed activ-

No. of normal activity/pos- No. of anomalies/negative

tion? and total number of ob- ities for each mealtime®  itive notifications® notifications'
served mealtime activities®
1: N/PY (n=135)

6:00-9:00 69 56 13

11:00-13:00 66 63 3
2:-ND 7:00-9:00 51 49 2
3N 7:00-10:00 60 58 2
4: N (n=144)

6:00-7:00 56 56 0

11:00-13:00 42 40 2

16:00-18:00 46 46 0
5N 5:00-8:00 46 46 0
6: N/P 7:00-10:00 52 51 1
8: N/P (n=183)

7:00-10:00 62 51 11

10:00-13:00 64 60 4

17:00-20:00 57 52 5
9N 8:00-10:00 45 40 5
Total 716 668 48

#The type of meals notifications, negative and/or positive, for each apartment received based upon their requests

bThe total number of observations of each apartment’s meals activities.

®Meal routine activities in the kitchen collected from the interview data, including a start time and end time for each.
dNumber of observed activities per apartment per meal activity, breakfast/lunch/dinner during the trial July-August 2020.
®The number of normal activity of users during the trial (July-August 2020) and that match the regular activity patterns defined from the 2019 and first

half of 2020 data.

The number of anomalous activi ty of users during the trial (July-August 2020) and that deviated from regular activity patterns defined from the 2019

and first half of 2020 data.
IN/P: negative and positive notifications.
N: negative notifications.

For example, about 80% (56) of our observations of breakfast
activity for participant 1 fall between —2 and +2 standard
deviations of the mean. Fifty-six (80%) dayswere normal, and
13 of the 69 observed days (19%) were abnormal. Normal
activity falls between the 29 and 145 minutes minimum and
maximum threshold, respectively. The mgjority of meal
notifications (119/135, 88%) were sent to participant 1 in the
notification trial to confirm her expected morning and lunch
meal behavior.

The regular patterns derived from the historical records and the
observations in the trial show that the participant’s behavior
closely matchesthe routinesthey self-reported in theinterviews.
The participant regularly follows their breakfast and lunch
activity routines, including timing. Theseroutines are therefore
reliable enough to be used for alerts.

A total of 716 meal activities were observed for the 8
apartments, 668 (93%) being norma and 48 (7%) being
abnormal. The participants are within the same age group. It
can therefore be noted that approximately 93% of thetotal 716

https://aging.jmir.org/2022/2/e28260

meal activity observations for al apartments corresponded to
the expected behavior.

Our system sent out 421 natificationsto 8 apartments. Some of
the apartments expressed an interest in receiving positive and
negative notifications. Three hundred seventy-three (88%)
positive notifications were sent, corresponding to normal
behavior during breakfast, lunch, and dinner; 48 (7%) negative
notifications were sent, corresponding to anomalous behavior.
More than 75% (537/715) of observed meal activities for all
apartmentsfell within 2 standard deviations of the mean and so
correspond to normal behavior. The results closely match the
participant routines reported in the interviews.

Feedback on the effectiveness of and user satisfaction with the
system was collected. This can provideinformation on the actual
well-being of older persons and can aso help relatives to
understand that monitoring systems can improve current
interventions but cannot substitute the existing health care
system. The feedback results from 5 apartments out of 9 are
shown in Table 5. The table summarizes the non-mandatory
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weekly questions sent to end-users on their satisfaction with
the notifications received, end-users scaling our service on a
scale of 1-5. The results show a positive user experience. We
received an average of 4 on a 1-5 Likert-like scale, one being
poor, two fair, three good, four very good, and five excellent.
The relative of the apartment 6 participant, for example,
responded to the notification: “No activity in the kitchen
between 05:00 and 07:59.” Thefeedback was: “| wasin contact
with my mother at 08.03, and she wasin the kitchen..” Another
example of feedback was from a relative of the apartment 4
participant, who responded to a change in dinner pattern.
Notification: “No activity in the kitchen between 16:00 and
17:59." Feedback: “Late dinner!” Thisinformed our system of
the pattern change and validated our anomaly recognition

Shahid et al

method. Relatives were al so asked to provide weekly feedback
via SMS on our system’'s overal performance. Weekly
notification: “Hello, How have you experienced our iVO. LTU
notificationsin the last week on ascale of 1-5 (5isbest)? Thank
you for taking part!” The participant in apartment 6, for
example, in the second week of feedback expressed his
satisfaction with the accuracy of notifications. “At the same
time, every day, we get a positive notification, which | think is
good.” The overall experience was positive, therelativesfinding
it helpful to know when to contact the participants, based on
their normal/abnormal activity routines. The notifications also
allowed them to be informed that “al is well” with older
participants, which is the overall focus of theiVVO project.

Table 5. Summary of weekly feedback from relatives of each apartment (ID) on a scale of 1-5 where 1 is poor, and 5 is excellent.

Date H2 H4 H5 H6 H9

2020-07-08 5 5 3 No-reply No-reply

2020-07-17 5 5 No-reply No-reply No-reply

2020-07-27 5 5 34 4 No-reply

2020-08-04 4 5 No-reply 4 No-reply

2020-08-12 4 5 34 4 4

2020-08-18 5 5 34 No-reply No-reply
Discussion used to classify activities as norma and abnormal behavior.

Principal Findings

Our study demonstrates, through nine cases, how a data-driven
approach and longitudinal data from interviews can convert
large amounts of sensor datainto knowledge. Our approach can
detect anomalies in ADLs and utilize notifications to alert
relatives of these anomalies. An important aspect of this
approach isthat it can facilitate the interpretation of datafrom
real-world smart homes and use this in real-time monitoring
systems to identify activities that deviate from the normal
patterns of older persons. This enhances our understanding of
personalized setups and different individual daily routine
preferences. The results support the use of data from
off-the-shelf sensors and 10T devices (installed in real homes)
and the improvement of health care services by feedback to
caregiversin near real time. This further enables older persons
to live independently in their homes for longer.

Comparison With Prior Work

Weused, in our research, statistical methodsto detect anomalies,
an approach that has been used in other studies[13,16,32]. The
statistical methods we used to detect anomalous behavior in
ADLs are in line with previous studies. We, however, in the
interests of accurate interpretation, tested the assumptions of
data normality. Konios et a [32] recruited 30 volunteers aged
30to 45 yearsto conduct astudy of therecognition of low-level
activities such as steps in preparing and drinking tea/coffee.
They used the mean £1.5 standard deviations as the threshold
for classifying normal and anomalous events. Another similar
study [16] used low-level activitiesfrom the annotated CASAS
public data set [33]. The mean and +1 standard deviation were

https://aging.jmir.org/2022/2/e28260

The mean %2 standard deviations were, however, used in [13]
to detect anomalous behavior at the 95% Cl, thresholds being
calculated using 2 months of history data of students' working
activity. Our method uses Chebyshev’s inequality, thresholds
being based onintervalsin which only 75% of the dataiswithin
2 standard deviations, 95% being within 2 standard deviations
in anormally distributed data set.

Our results are distinct in that they were collected in an
uncontrolled environment and used real-world data of older
participants in their homes. Konios et al [32], in contrast, used
alab setting; Jakkula et al [13] used synthetic data and one day
of real datafrom alab environment to validate their approach.
Thework in Paudel et al[16] was implemented using annotated
public data sets.

Our overal approach buildson earlier work [12,14,34], all being
real-world implementations. The data collection process, sensor
setup, the method used for pattern identification, and the
behavior of older persons, however, differ. Beunk et a [12]
aimed to visualize sensor information, duration, and start time
from log data, notifications being sent to caregivers, participants,
and relatives using rea-world monitored activities of 5
participants aged > 65 years. Kasteren et al [14] used 180 days
of real-world data obtained from power usage, motion sensors,
and interviews to carry out a behavioral analysis of the 3
participants. Thedistribution of daily activities aggregated over
multiple days was visualized using radar plots. Interviews and
motion sensors were used to identify residents sleep and daily
movements. Another longitudinal study [34] evaluated the usage
of unobtrusive technologies in detecting a change in activities
and cognitive decline by statistically analyzing 200 days of data
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on the daytime and nighttime activities of 233 senior participants
with amean age of 83 years.

Our study proposes asolution that detectsanomaliesin different
types of activities in real-time. Our approach is validated by
comparing longitudinal data collected from interviews with
observed patterns collected from historical data (80-355 days
of sensor data). This was processed to classify activities into
normal and anomalous behavior and so allow notifications to
be generated.

The Strengths of the Used Approach

Routines are defined as being designed behavioral patternsthat
are used to orchestrate activities. The clock, time duration,
contexts, and order are also used in this [35]. Data collected
from participants on routines helps validate the analysis of
sensor data and so contributes to the minimization of false
positives [14]. This aso helps more reliable and personalized
notifications to be delivered, which helps ensure that the needs
of older persons are addressed. Adherence to regular daily
routines by older persons contributes to a reduction of stress,
increases feelings of safety [36], and improves sleep quality
[37]. Our proposed approach to ADL analysis used routine data
(data collected from the interviews) of older participants to
identify anomalies in ADLs. This approach is similar to that
used by other studies[12,14,34]. Our approach, however, differs
from[13,16,32], which used annotated activity data. Our study
relies on sensor labels and routines defined in the interviews.

HAR activities are, as in Saguna et a [10], classified as
low-level activities such as walking and high-level activities
such as making coffee. It isimportant, asmentioned in Hussain
et a [38], to use historical sensor data to analyze individual
high-level activity behavior patterns (ie, ADLS). Obtaining the
required historical data from real-world environments is,
however, challenging, especialy for older adults. Activity
recognition with a focus on health care could also be defined
as behavior recognition, thisrelying on historical data captured
from sensors to infer ADLSs as high-level activities. This type
of high-level activity recognition could reduce human resource
costs, alowing the detection of anomalies from the normal
behavior of older personsand caregiversto beinformed of this.

Some studies[15] collected datafrom acontrolled environment
and for nonolder participants[13]. The findings from these are,
however, difficult to generalizeto the ADL applications of older
persons. Most of the research work within HAR [39] alsorelies
on annotated public data sets generated in controlled
environments or lab settings[40]. Solutions based on controlled
environments may not be suitable for real-world deployments.
We, however, collected historical data from motion and wall
plug sensorsfor time periods ranging from 3 monthsto one year
and for nine real homes.

Activity data can betracked and collected from multiple sensor
technologies, wearable devices often being used in activity
monitoring systems to capture the data of older persons [22]
and to infer low-level activities such as walking or falling [8].
Wearable devices, however, lack practicality, especially for
older users[38]. Hernandez et a [40] aso investigated previous
HAR work between 2014 and 2019 and showed that data is
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primarily collected from mobile and wearable devices rather
than dense-sensing networks.

The deployment of dense-sensing networksin anomaly detection
systems is highly recommended in the health care systems of
older persons. This is due to their practicality and to their
robustness to changesin the environment [22]. These networks
can aso gather more general information, which can be used
to recognize ADLs (ie, high-level activities such as leaving
home or sleeping) [8]. In thistrial, we used the data from four
motion sensors in each apartment to analyze the behavior of
users, this being a similar approach to that used in Beunk et al
and Kasteren et al [12,14].

The strength of our approach liesin the handling of noisearising
from off-the-shelf sensors, which are prone to malfunctioning
[41]. This noise is handled by building mechanisms that
eliminate erroneous readings or noise from the preprocessing
of sensor data. This ensures better accuracy than previous
approaches [42] and reduces false derts[24].

Detecting anomaliesin activity patterns using time series sensor
datawithout annotationsis challenging. We, however, analyzed
the behavior of older persons by devel oping algorithmsthat can
build temporal features such as duration in and the number of
visits to each room. Determining changes in these activities
using duration time is, therefore, an important development in
theanalysisof behaviora patterns[35]. Anomalies can therefore
be detected using these temporal features. There is a need for
near real-time technology in support of older persons in their
activities. Examples of thisinclude remindersto take medicine
and interaction to provide immediate support in ongoing
activities such as preparing a meal [8,43]. The data processing
in real-time ADL analysis is challenging [39]. Our approach,
however, uses near real-time analysis in the collection,
monitoring, preprocessing, and processing of sensor data for
each apartment.

Effectiveness of the Developed iVO System

The estimated probability distribution of each activity and for
each apartment is given in Figure 5 and Multimedia Appendix
4. The activity patterns are reflected in the mean time duration
for each activity, which is drawn from historical data and is
given in Table 3. Thereis a close correspondence between the
historical patterns and the test data set patterns for morning
activities (notification trial July-August 2020) for all eight
participants. The historical data set shows that they use on
average 44 to 47 minutes on breakfast/lunch, the trial data
showing that they use 45 to 50 minutes. There are, however,
some variations, such as the dinner activity of 2 apartments (4
and 8) and the lunch activity of 3 apartments (1, 4, and 9). The
average duration for each participant based on the historical
data and the notification trial shows routine consistency. The
strength of our approach isthe ability to identify the regularity
in the timing and duration of the different ADLs and to from
thisidentify deviationsfrom this. Theimportance of thetiming,
duration, and regularity of activity routines is highlighted in
Chung et a [44], and changes in routines, furthermore,
potentially signaling cognitive decline or a health issue. Our
approach showed that most participants followed a routine in
their activitiesin the trial period.
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The most suitable method for constructing thresholds must be
selected, the correct handling of changes or irregularities in
routines and a reduction in false alerts being dependent on
correct selection [14]. These methods need to bereliable if our
anomaly notifications are to be effective. We, therefore, set up
notification alerts for three types of anomalies: (1) not present,
(2) maximum time spent exceeded, and (3) minimum time spent
not reached. Our approach used the historical data used to
determine statistical thresholds for anomalies (2) and (3),
assumptionsincluding datanormality, homogeneity of variances,
and linearity. These assumptions are important in the selection
of a suitable method, their violation leading to result
misinterpretation [29]. Previous work has used statistical
methods [13,16,32]. We, however, perform the normality test
(Table 2), which alows usto determine an appropriate statistical
method—Chebyshev’s theorem for classifying normal and
anomalous behavior. Identifying changes using this method
allowed us to consider confidence levels of 75% to be normal.
This was, however, 93% for all participants and all activities.

The number of activities monitored, identified, and notifications
generated in thetrial period also reflect the effectiveness of our
system. Our system observed 716 meal activities in the trial
period in 8 apartments, 668 (93%) being normal and 48 (7%)
being anomalies. Our system generated 421 notifications, 373
(88%) positive notificationsthat correspond to normal behavior
during breakfast, lunch, and dinner, and 48 (7%) negative
corresponding to anomalies.

Implications

Our findings show that our system can benefit relatives and can
be used by forma heath care providers in Skellefted
municipality. Relatives and caregivers received timely
notifications of older participants' activities. The system was
also ableto distinguish between normal and anomal ousbehavior,
which can be used to detect long-term changes in routines and
which can signal the early stages of cognitive decline. We
believe that thistype of system can have a direct impact on the
enabling of older persons to live independently for longer.
Feedback collected on our system (Table 5) was mainly positive
and reflects a high level of user satisfaction with the iVO
service. Some participants showed an interest in continuing the
service after the trial period ended.

Limitations

Our approach is limited to the use of duration to identify
anomalies. Theroot cause of the anomalies can, however, only
be known via feedback from relatives. A direct method for
establishing the root causes of anomalies would help us to
understand anomalies better. This approach would, however,
make our system too intrusive, interrupt the day-to-day lives of
participants, and have an impact on their normal routines. Our
preferenceisthat rel atives communi cate with participants about
anomalous behavior and that feedback to our system is then
provided by relatives. The use of Chebyshev’'s inequality is
another limitation. Thresholds are based on looseintervalswith
only 75% within 2 standard deviations. This can be compared
with a normally distributed data set where 95% is within 2
standard deviations. These loose intervals mean the thresholds
are wider apart and can therefore lead to fewer anomalies.

https://aging.jmir.org/2022/2/e28260
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Conclusions

We developed an SMS-based natification service based on
information provided in interviews on the needs of participants
and their relatives, on the activities they were interested in, and
on datafrom the off-the-shelf sensorsand 10T devicesinstalled
in homes. We al so conducted user evaluations. Thisserviceacts
as an extension of the municipality health/social care services
and helps older persons to live in their homes independently.
We proposed, devel oped, and implemented an anomaly detection
framework for the recognition of anomalous daily activities of
older persons living in single resident smart homes, using the
real-life uncontrolled setting of 9 older participants. This paper
proposed a probabilistic approach to the temporal analysis of
ADL of nine older participants in a real-world environment.
The method introduces a way of indicating whether the
probability of a performed activity is considered to be normal
or anomal ous behavior using duration.

Our system observed approximately 1000 meals and bathroom
activities. Notifications were al so sent to 9 apartments between
July and August 2020. Four hundred twenty-one notifications
(59%) out of the observed meals activities (716) were sent to 8
apartments on each meal activity, with our approach considering
more than 75% (537) of observed meal activitiesto be normal.
This figure was, however, in reality, 93% of meal activities,
these falling within 2 standard deviations of the mean and so
corresponding to their normal behavior. The behavior patterns
derived from the historical processed sensor data closely match
the routines participantsreported in theinterviews. Wereceived
positive user experience feedback on the service from 5 out of
9 participants' relatives (55%) and an average of 4 pointson a
1-5 satisfaction scale. The results ultimately support the use of
0T devices in homes as an extension of health/socia care
services, which can, in turn, increase the opportunity to agein
the home independently.

Future Work

We will, in the next phase of this project, use advanced data
analytics methods to further investigate the data. We would
include other types of anomaly classesin this, such astransitions
or visits of unusually short durations, which can indicate unrest
and the detection of an unusual presence. Other types of context
sensors and features also need to be considered in the analysis.
Contextual information such asweather conditions and holidays
could, for example, improve results and reduce fal se positives
in detected routines [45]. Future research can furthermore test
algorithms that monitor real-time ADLs using data for that
specific week, which will alow for weekly variations in
routines. Data based on a monthly moving window would also
allow for seasona variations in routines. We are working
towards using reinforcement learning as a multi-armed bandit
problem (MAB). We plan to conduct follow-up interviews for
the study as part of aworkshop to communicate our results and
understand further needs. Direct feedback from older persons
is another important aspect. This would, however, increase the
cognitive load upon them. There was no appropriate
communication channel for feedback on the alerts or activity
updates sent to relatives by older persons, which was not
implemented due to the increased burden of daily feedback on
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older persons. This type of feedback was mainly gathered via an anomalous notification. Thiswill be addressed further in our
therelatives, who communicated with their older relativesabout ~ future research.
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Multimedia Appendix 1

Observations of participants in apartments 2-9 for different meal activitiesin the kitchen during the trial, July and August 2020.
The redlines represent the lower and upper bounds.

[PNG File, 2528 KB - aging_v5i2e28260_appl.png ]

Multimedia Appendix 2

Observations of participant's visits frequency and water boiler usage during breakfast in the kitchen in apartment 1 during the
trial, July and August 2020.

[PNG File, 231 KB - aging_v5i2e28260_app2.png ]

Multimedia Appendix 3

Observations of participant's visits frequency and water boiler usage during lunch in the kitchen in apartment 1 during the trial,
July and August 2020.

[PNG File, 245 KB - aging_v5i2e28260 app3.png |

Multimedia Appendix 4

Probability distribution (PDFs) of the duration of each meal activity of each participant, apartment 2-9, during 2019 and the first
half of 2020. The total number of days variesfrom 80 to 355 days of different apartments, including the mean (mu) and standard
deviation (std) duration values of mealtimes.
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Abstract

Background: One of the most complicated medical needs of older adults is managing their complex medication regimens.
However, the use of technology to aid older adults in this endeavor is impeded by the fact that their technological capabilities
are lower than those of much of the rest of the population. What is needed to help manage medications is a technology that
seamlessly integrates within their comfort levels, such as artificial intelligence agents.

Objective:  This study aimed to assess the benefits, barriers, and information needs that can be provided by an artificial
intelligence—powered medication information voice chatbot for older adults.

Methods: A total of 8 semistructured interviews were conducted with geriatrics experts. All interviews were audio-recorded
and transcribed. Each interview was coded by 2 investigators (2 among ML, PR, METR, and KR) using a semiopen coding
method for qualitative analysis, and reconciliation was performed by a third investigator. All codes were organized into the
benefit/nonbenefit, barrier/nonbarrier, and need categories. Iterative recoding and member checking were performed until
convergence was reached for al interviews.

Results: The greatest benefits of a medication information voice-based chatbot would be helping to overcome the vision and
dexterity hurdles experienced by most older adults, as it uses voice-based technology. It also helps to increase older adults
medication knowledge and adherence and supports their overall health. The main barriers were technology familiarity and cost,
especialy in lower socioeconomic older adults, as well as security and privacy concerns. It was noted however that technology
familiarity was not an insurmountable barrier for older adults aged 65 to 75 years, who mostly owned smartphones, whereas ol der
adults aged >75 years may have never been major users of technology in the first place. The most important needs were to be
usable, to help patients with reminders, and to provide information on medication side effects and use instructions.

Conclusions: Our needs analysis results derived from expert interviews clarify that a voice-based chatbot could be beneficial
in improving adherence and overall hedlth if it is built to serve the many medication information needs of older adults, such as
reminders and instructions. However, the chatbot must be usable and affordable for its widespread use.

(JMIR Aging 2022;5(2):€32169) doi:10.2196/32169
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Introduction

Older adults (defined here as those aged =65 years) have
multiple chronic diseases [1] and consequently take far more
medicationsthan the average individual [2]. One study estimated
that 39% of older adults had =5 concurrent prescriptions, and
thisnumber had tripled from that 20 yearsago [3]. Complicating
this situation further is the reduced mental capacity of older
adults[4]. Thismeansthat the cognitive burden of keeping track
of medications is well beyond the capabilities of many older
adults, resulting in poor adherence [5] and consequently
affecting health. Older adults often rely on caregivers and
low-tech solutions such as pillboxes, but technology is often
seen as a barrier for older adults. However, as Olsen et a [6]
described, although the range and frequency of technology use
among older adults may be lessthan that of younger adults, the
capability still exists for certain types of technologies. A
technology that relies on their existing knowledge and
experience has the capacity for widespread adoption. The
primary significance of this study isthat it gauges the potential
incorporation of a tool capable of improving medication
understanding and adherence among older adults using a
technology that mimics everyday human behavior of voice
conversations; a chatbot. Indeed, voice-based chatbots have
already been seen as a potential aid for older adults [7] and
early-stage implementations of such systems for medication
information exist [ 8], although these are clearly not in common
use and many barriers remain to their successful adoption. To
understand the capabilities of amedication information chatbot
for older adults, we conducted aqualitative needs analysisusing
interviews with a wide range of geriatrics experts. The
interviews were limited to geriatrics experts, asthiswasfelt to
be the best way to engage experts, whereas actual older adults
would be better engaged through separate simulation-based
studies. We then analyzed the experts beliefs about the
capabilities of older adults with such a chatbot with regard to
managing their medications and what their medication
information needs were.

The subject of older adults and chatbots has been explored
previoudly in severa studies. Martin-Hammond et & [9] assessed
the general attitudes of older adultstoward intelligent assistants
(IAs; a class of agents that includes the voice-based chatbots
studied here), finding them very positive. The study participants
viewed IAs as great opportunities that could facilitate
collaboration between themselves and their caregivers. They
aso considered IAs to be very useful in providing
recommendations and alerts for serious illness. However, they
preferred the assistants to be more flexible so that all sections
of older adults could use them, including those with low
technical resources and skills. Moreover, having an interactive
IA that could mimic natural interactions regarding health
information was viewed as more desirable. Chatbots have also
been proposed to improve Wikipedia use and editing to
circumvent the steep learning curve for older adults [10]. A
study on the use of chatbotsfor psychological support purposes
showed that they could be useful for resolving problems and
lowering distress [11]. The chatbots were designed to mimic
therapists, and the agent’s usability was associated with their

https://aging.jmir.org/2022/2/e32169
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helpfulness. Overall, these studies suggest that well-designed
intelligent agentswould be well-received by older adults despite
the technology not currently being used.

With regard to medication information, older adults find
pharmacists most useful, both for managing their medication
lists and educating them with instructions [12]. A study was
conducted to understand older adults expectations and
requirements for a personal health application that could meet
their information needs [13]. The interviewed patients and
caregiversreported the following astop requirements: (1) having
the capability to disclose medication side effects and interactions
in a clear and easy manner, (2) being able to connect their
providers and pharmacies, and (3) being able to share their
medication information with other providers. Another study
noted an interesting aspect of interviewing patients upon
discharge from the hospital. Although having information about
their medications, alternative treatment options, and side effects
were the most important needs, some patients did not actually
want to fully understand the medications and their side effects,
as they were afraid that knowing them might change their
attitude toward the medications[14]. This suggeststhat although
a chatbot could be beneficial, it should be designed to not
overwhelm patientswith detailsbeyond their grasp. For instance,
even common medications have along list of side effects that
patients are unaware of, so providing information on along list
of rare side effects for a new medication may give the patient
the false impression that the medication is dangerous relative
to the medications they already regularly take.

Therole of caregivers, such as home care nurses, was explored
in astudy [15], wherein the challenges of the transition of care
between various settings were studied. Whenever older adults
were moved from hospitals to home or nursing care, changes
to their medications and administration instructions would
change. In such cases, home care nurses played a big role in
helping the older adults adapt and follow the new medication
changes and manage medication compliance. This highlights
the importance of caregivers and their roles in managing the
overal health of older adults. This suggests that voice-based
chatbots cannot fully replace existing human interactions for
medical information, and should thus focus on supplementing
existing relationships and information sources. One of the
aspects of medication management for older adults was their
trust in resources. A survey conducted to identify the resources
that were trusted more [16] for health information needs showed
that older adults placed living resources higher than nonliving
resources. Thetop prioritiesfor seeking information were health
care providers and pharmacists.

Overall, the use of health applications and computer assistants
in older adults to assist with their medication management and
self-care has been an area of interest [17-21]. We continue to
explorethisareain this study to make medication management
easier and safer in older adults. Specificaly, this paper's
contribution isto summarize the beliefs of geriatrics expertson
the benefits, barriers, and needs of such a voice-based
medication information chatbot. Using structured interviews
and a rigorous qualitative coding process, we identified key
themes from this group.
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Methods

Overview

The needs analysis collected data on high-level needsto assess
the feasibility and system requirements for an artificia
intelligence (Al)-powered medication information voice chatbot
for older adults. For the purposes of this study, we define an
Al-powered medication information chatbot as an automated
dialogue agent that integrates human language understanding
to provide evidence-based information about prescription
medications. Data were collected through semistructured
interviews with geriatrics experts, including physicians, nurses,
researchers, and pharmacists. A total of 8 interviews were
conducted, each with at least 1 of the investigator coauthors, of
whom all were nursing faculty members (ML, PR, and METR).
All interviews were recorded, transcribed, and deidentified.
Manual coding was performed using the 3 nursing experts as
well as an expert in Al and natural language processing (KR),
with each interview being coded by 2 investigators (2 of ML,
PR, METR, and KR). Intercoder agreement was noted to
evauate the reliability of the analyzed feedback.

Study Funding

This research was funded by the UTHealth School of Nursing
through an Aging in Place seed grant.

Ethics Approval

The study was approved by the UTHealth Center for the
Protection of Human Subjects (approva number:
HSC-SBMI-20-0526).

Data Coallection

We collected data using semistructured interviews with 8
participants selected to ensure adiversity of geriatrics expertise,
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including physicians, nurses, pharmacists, and researchers. Most
of the interview participants were from Houston, Texas.
Interviewswere conducted viaWebEx by 1 or 2 of the coauthors
(ML, PR, and METR). They consisted of open-ended questions
regarding ol der adults, their view on technol ogy, use, limitations,
barriers, what would older adults need most with regard to
medication information, and what could be provided using
technology (Textbox 1 describes the open-ended questions).
The focus was on both the current generation of older adults
aged 65 to 75 years (at the time of the study, this represents
those born roughly between 1945 and 1955) as well as adults
relatively soon to join this group, individuals aged 55 to 65
years (born between 1955 and 1965). It was assumed that adults
aged =75 years (born before 1945) may have different needs,
both from an aging perspective and a technology familiarity
perspective (eg, almost all adults <75 years have owned
smartphones). For the purpose of theinterview, it was assumed
that the term medication applies to prescription medications
that have been prescribed within the past 6 months, as opposed
to medication, and one may expect to have been using long-term.
Each interview lasted 30 to 40 minutes. All interviewees were
informed that their participation in the interview would not be
revealed to anyone beyond the investigators, and that their
responses would be kept in strictest confidence. If the
interviewee was specialized in any specific disease condition
and wanted to limit their responses to that area, they were
encouraged to do so. However, if the interviewees had a
generalized idea, they were welcomed to share those views as
well. Theinterviews were audio-recorded, and later, aresearch
assistant transcribed the content verbatim to analyze the
responses in text format.

Textbox 1. Common framework of open-ended questions used for the semistructured interviews.

Open-ended questions

o Question 1: What are older adults' comfort level and capabilities with the use of technology in general?
o Question 2: What are older adults' comfort level and capabilities regarding the use of voice-based technology like Alexa, Siri, etc?
o Question 3: What are their barriers to using technology for health information?

«  Question 4: Would technology be uniquely suited to address any specific information needs of older adults, and if so, what would those needs

be?

«  Question 5: What are the major medication information needs for older adults?
o Question 6: What kind of questions would an older adult ask to meet this information need?

o Question 7: What would be the overall pros and cons, hopes and concerns for this kind of project?

Data Analysis

The transcribed interviews were analyzed using predetermined
codes (Textbox 2). When important information was mentioned
in an interview that did not correspond to an existing code, an
ad hoc code was created to be reconciled later (eg, the code
Need: Reminders was added by using this ad hoc process,
representing the need for the system to give users medication
reminders). For each interview, two of the four investigators

https://aging.jmir.org/2022/2/e32169

(KR, ML, PR, and METR) coded according to the semiopen
set of themes (Textbox 2). Of note, the coding scheme includes
both a benefit and nonbenefit, as well as a barrier and
nonbarrier. The negated codeswere added becausethe interview
participants frequently asserted that a particular benefit/barrier
did not exist (eg, technology familiarity was not seen asamajor
hurdle for adults aged 55 to 75 years, so this was coded as
Nonbarrier: Technology Familiarity/Assistance).
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Textbox 2. Codes representing a set of themes.
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Benefits/nonbenefits

.  Usahility

«  Support overal health

« Increased understanding
» Increased adherence

«  Reduced adverse events

Barriers/nonbarriers

.  Usahility

o  Technology familiarity/assistance
«  Cost/affordability

o Trustin technology

« Difficulty hearing

«  Cognitive ability/mental status

«  Privacy and security

Needs

o Usahbility

« Reminders

e Indication

«  Contraindication

« Instruction/dosage
o Adversereaction

«  Druginteraction

o Information

The codes were reconciled with the help of athird investigator
(MG or SM). During this step, the ad hoc codeswere considered,
reconciled, and either included (if inusein at least 3interviews)
or dropped. Most of the ad hoc codes were used only once or
twice, whereas other ad hoc codes were merged (eg, under the
Usahility need). Thisprocesswasiterative and involved member
checking with the interview participants. All interview
participants were shown and agreed to the final interview
descriptions.

https://aging.jmir.org/2022/2/e32169

The final codes for each interview were then counted for each
category of benefit/nonbenefit, barrier/nonbarrier, and need.
This count represents the number of times each interviewee's
response was directly mentioned or indirectly aligned with our
themes. The initial subcategories did not include all the final
lists, as shown in Textbox 2. The new codes include benefit:
usability, support for overall health; barrier: usability, security;
and need: usability, reminders, instruction, and information.
The final counts for each interviewee in each category are
presented in Table 1.
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Table 1. Number of times each interviewee mentioned the preset themesin their responses.

Preset theme Mention of preset theme, n

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 Expert 7 Expert 8

Benefits
Usability 1 2 0 0 1 4 2 4
Support overall health 0 1 1 1 1 2 1 3
Increased understanding 2 3 3 0 1 0 0 3
Increased adherence 1 1 1 2 0 2 0 3
Reduced adverse events 0 1 0 1 1 0 0 1
Other benefit 0 0 0 4 2 0 0 1
Barriers
Usability 5 2 3 0 0 0 0 0
Technology familiarity/assistance 2 2 1 5 5 2 1 4
Cost/affordability 1 1 3 4 2 2 1 3
Trust in technology 1 0 0 0 1 0 1 0
Difficulty hearing 1 0 1 0 0 0 0 1
Cognitive ability/mental status 0 0 3 0 1 0 0 0
Privacy and security 2 5 1 0 0 0 0 3
Other barrier 0 0 3 1 2 0 3 0
Needs
Usability 10 2 5 3 12 2 7 1
Reminders 2 4 1 12 2 5 4 1
Indication 2 2 2 1 2 2 2 0
Contraindication 0 0 0 0 0 0 2 0
Instruction/dosage 3 2 2 2 2 4 0 1
Adverse reaction 2 1 3 4 3 1 1 1
Drug interaction 1 0 1 3 2 0 1 0
Information 3 1 2 4 0 0 0 2
Other need 0 2 2 3 1 0 5 0
Nonbenefits
Overreliance on technology 0 0 0 0 1 0 0 0
Other 0 0 0 0 0 1 0 0
Nonbarriers
Technology familiarity/assistance 3 3 2 3 4 1 2 2
Technology familiarity/use 1 0 0 0 0 0 0 0
Cost/affordability 2 0 0 0 0 0 0 0
Trust in technology 1 0 1 0 0 0 0 0
Cognitive ability 1 0 0 0 0 0 0 0
Other 0 0 1 0 1 0 0 0
Results interviews and key quotes that illustrate each of the experts

We have only focused on the aggregate results of the qualitative
analysisin this section for brevity. We have provided a separate
supplement that has detailed summaries of each of the 8

https://aging.jmir.org/2022/2/e32169
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unique perspectives aswell as their individual qualifications.

Overall Common Themes
After aggregating the feedback from all interviews (Table 1),
we have described the top 3 subcategories under each category,
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which were deemed important for designing or implementing
the use of the medication information voice chatbot.

Benefits

With regard to benefits, the most significant benefit would be
related to usability. Being voice-based and having met most of
the needs, a chatbot would be deemed very useful. Its ease of
use; accessto information; not having to type or see small print;
and being connected to the pharmacy, health care providers,
and their caregivers are some of the benefits categorized under
usability. The next benefit would be that older adults would
have increased knowledge and understanding of their
medications by using achatbot. Other equally beneficial aspects
include increased adherence to medications and support for
overall health.

Barriers

Some of the most important barrierswere related to technology
familiarity and assistance. Overall, older adults from lower

Textbox 3. Usability: components for each category.
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socioeconomic backgrounds and those who are very old (=75
years) might have difficulty with technology. Next, the cost and
affordability of such technology could be problematic, which
would be mitigated if it were covered by insurance (eg,
Medicare). The final concern was regarding privacy and
security. Many older adults were not comfortable with devices
listening to their conversations and may have been confused as
to where their information could be sent or used.

Needs

Among all the needs, having avoice-based chatbot that is usable
(easy to use and useful) was deemed the most important
(Textbox 3). Having the chatbot remind patients regarding
medications, appointments, or refills was the next important
need. Finally, information about adverse reactions and
instructionsto take medications were noted as equally important
by our interviewees.

Benefits
«  Voice adaptation
«  Easy to use than other apps which require typing or seeing

«  Easy accesstoinformation

Barriers

« Difficult to use

«  Complex language

«  Learning curve with different format of apps
«  Failureto troubleshoot errors

«  Voice recognition accuracy

«  Usableonly for a spectrum of population

« Inaccurate interoperability of chart among providers

Needs

« Easeof use

«  Simplelanguage and native language support
e Audible

«  Technical support and troubleshooting errors
«  Connect to personaized information

« Integration with existing devices

«  Connect with pharmacy, physician and caregiver

«  Disease-specific medication information, pronounce medication, track list of medications

Nonbenefits

Only 2 interviewees mentioned the nonbenefits of the chatbot
(ie, specific assertions that a potential benefit would not be
realized). One expert was concerned about overreliance on
technology, whereas another suggested that many older adults
would not use it after the setup was completed by family.

https://aging.jmir.org/2022/2/e32169

Nonbarriers

In contrast to what many may think that older adults are not
familiar with technology, the expertslargely agreed that for the
age range we are focused on, this is actually not a problem.
Technology familiarity and assistance emerged as one of the
most important nonbarriers among older adults when using
voice-based technology. This is especially noted in higher
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socioeconomic groups with accessto and experience with using
technology. They were also more likely to be in their 60s and
have well-connected families and younger generations who
helped them catch up on technologies.

Discussion

Principal Findingsand Comparison With Prior Work

Our study explored the benefits, barriers, and needs of using a
voice-based chatbot to address the medication information
requirements of older adults. To gain insights, we conducted
semistructured interviewswith expertsin geriatrics. Our experts
feedback regarding chatbots and older adults aligns with
previous study results: they could be useful overal, help older
adults take care of themselves, and should be flexible to meet
all older adults' technical skills [9,11]. Our analysis of their
feedback identifies many pointers that clear certain
misconceptions regarding technology use in older adults and
provides insight into the prominent aspects of implementing
medication information chatbots. The most important aspect
was that chatbots could be used by many older adults, and that
technology familiarity is not a barrier that would have been
expected.

The use of a medication information chatbot would benefit
many older adults. Thefirst and foremost benefit would be that
voice-based chatbots help overcome many aging issues, such
as diminished vision, tactile and dexterity issues, and patients
with arthritis who cannot type. Thisin itself will give chatbots
abenefit over a non—voice-based smartphone app that requires
typing or looking up for information. In fact, age-related
changes, such asfine motor skills, vision, hearing loss[22], and
osteoarthritis[23], were found to be barriers to technology use
in older adults. By being voice-based, these barriers can be
addressed by making it easier to access medication information.
However, the chatbot would have to be audible and come with
a range of volume controls for older adults with hearing loss
issues.

Next, if the chatbot could be connected with the pharmacy,
providers, and caregivers, it would be very beneficial for older
adults, as it would lower the burden of independently keeping
track of medication lists. With the help of frequent reminders,
older adults can have better medication adherence. Having
access to knowledge would in turn lead to increased patient
knowledge regarding health in general. It would also makethem
more independent in taking care of themselves, requiring fewer
nursing homes or assisted living arrangements.

Having an interactive voi ce-based technol ogy would mean more
socializing for older adults who live alone, resulting in more
use in some cases. Older adults use technology to socialize in
termsof using it for calling or emailing [22]. In particular, with
voice-based interactive technol ogy, older adults reported feeling
that they had a connection with it or felt less lonely, and some
even quoted as it had become a friend [24]. Other benefits
includeincreased peace of mind for caregivers, reduced chances
of errorsand asafety net, and sometimes hel ping with reminders
for activities of daily living and prescription refills. The use of
conversational agents in older adults after hospital discharge
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has been previously studied [25]. Their findings align with our
experts feedback and suggest that having a bot integrated with
telemedicine in such a patient population would benefit in
supporting their health, as they could help them understand
medical information and read out dischargeinstructions. Overall,
older adults would find them easier to use compared with other
mobile health apps, as they are age-friendly.

Technology familiarity may not be a significant barrier,
according to our experts. In fact, many older adults aged <75
yearswerefound to use some sort of technology for daily living,
such as smartphones or computers. Similar findings were
reported in astudy performed in older adults. They participated
in a focus group and voiced more positive attitudes toward
technology than negative attitudes [26]. Another study
mentioned that more than 50% of their older adult respondents
reported using technol ogies such as smartphones and computers,
whereas a lesser percentage used tablets [22]. These results
contradict the stereotype that older adults might not favor the
use of technology. Our study builds on this prior work by
focusing on a high-value Al—a voice-based chatbot for
medication information.

Our interviewees highlighted that older adultswho arerelatively
younger (in their 60s) and have relatively high socioeconomic
status have had experience with technology. Those who used
or were exposed to technol ogy while they worked and who were
closeto family members (especially younger generations) were
likely to be comfortable using technology in general, or
voice-based technology in particular. Many adults already use
apps such as Alexa and Siri in their day-to-day activities. For
such older adults, technology familiarity/assistance/use would
not be a major barrier. However, for adults aged =70 years,
those from lower socioeconomic status, and those who live
alone or have weak family connections, technology familiarity
could act as a barrier. Some of these factors can be overcome
by making the chatbot affordable, making it easy to use, and
helping with the setup process. Similarly, results from a more
general study of older adults and barriersto technology use for
daily living activities showed similar themes for barriers, such
aseducational limitationsand limited accessto technology [23].

Some of the other barriers put forth by the experts include
concernsregarding cost and affordability. It might helpintegrate
the chatbot into an app or already existing device to make it
more affordable, as well as the fact that a stand-alone app may
not be as highly used. Another option was to cover the cost of
the chatbots through health insurance. The cost barrier for
purchasing technology and device maintenance has been
highlighted previously [23,27]. Security and privacy concerns
werethe next set of barriers. Many interviewees stated that older
adults were skeptical about technologies that overheard their
conversations and used that information to reach out for
advertising. They were also confused about how and wheretheir
information would be shared. These concerns were more
prominent among adults with paranoia, dementia, and mild
cognitive impairment. Security and privacy concerns, along
with data management confusions, were identified as key
barriers in other studies as well [28,29]. Concerns related to
how easy the chatbot would be for older adults to set up and
use by themselves were also raised. For the chatbot to reach a
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widevariety of adults, experts believed that the technol ogy must
be extremely user-friendly and easy to use. Thisalignswith the
results from afocus group conducted on older adultswho were
asked to provide feedback after using atablet. They mentioned
some of the barriers that were directly or indirectly related to
the usability of such technologies, such as lack of instruction
and guidance to use, lack of knowledge, and too much or too
complicated technology [27]. Overall, even though certain
barriers exist for the use of technology, our experts believe that
avoice-based chatbot could be considered by many older adults,
which aligns with the generally positive outlook noted in other
studies[27,28].

To design and create a medication information chatbot, our
experts suggested many pointers that could be essential needs
expected of a chatbot. The most important being a usable
chatbot. Many features were combined under usability (Textbox
3), such as the following specific suggestions: ease of use of
technol ogy, easy setup, technical support and troubleshooting,
simple language, native language support, has to be audible,
personalized, useful for caregivers, can repeat back question,
multiplatform, connected to personalized information, integrated
with other existing devices, disease-specific medication
information, integration with pharmacy, collaborate with
provider, pronounce medication, ability to intake and store
patient’s information, adverse reaction information, adverse
reactions only mentioned when asked, track list of medications,
and prompts family about refills due.

The importance of having a usable technology to ease
adaptability wasreported earlier [28] in afocusgroup conducted
on older adults. They mentioned that they would be frustrated
with navigating through the technology or setting it up and felt
that sometimes technologies made their life more difficult if
they were not made simple to use. Some of their suggestions
included smple instructions along with fewer buttons.
Interestingly, they felt that speech-activated tools would be
simpler for their age group. Training older adultswas considered
an option to overcome the usability barrier. Some of the older
adults who were trained to use Alexa [24] reported that the
training process made their adaptation to technology easier.
Some of the components discussed under usability (Textbox
3), such as integration with pharmacies and collaboration with
providers, were also considered important by older adults[13].
Moreover, the idea that the chatbot should mention adverse
reactions only when asked to mimic the concerns expressed by
some older adultswho did not want to fully understand the side
effectsfor the fear of change in their attitude toward taking the
medications [14]. As caregivers were found to be very crucial
in managing older adults' overall health after discharge from
the hospital [15], having a chatbot with the ability to connect
to caregivers and prompt them regarding older adults
medication refill needs would be useful.

Apart from a usable chatbot, it would require assisting adults
with reminders, such as medication refill reminders, clinician
appointments, and reminders about general health, such as
checking blood pressure or blood sugar levels. Information
about adverse reactions and instructions, as well as the dosage
and timing of medication administration, were also important
requirements for a chatbot functionality. This alignswith older
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adults’ expectations of a personal health app [13] and their
medication information needs upon discharge from the hospital
[14]. Similar needs were expressed by adultsin a study on the
use of chatbots for hypertension medication management [30].
This study included 33% of the adults aged >65 years. Their
needsincluded having the ability to have medication lists, ability
to set reminders, medication information and side effects, refill
reminders, and integration with pharmacy and autorefill
capacity. They aso believed that having the chatbot integrated
with a patient portal and being able to connect with the care
team via a chatbot could help them update health data, such as
blood pressure and weight. Most of them also wanted their
chatbot to be personalized and being available on their phones.

To help with reminders, a chatbot would need patient-specific
information that could be entered by the patient or caregiver,
or received electronically. The latter would be favored because,
from our analysis, having an easy-to-use chatbot would also
reduce the manual tasks of entering information. For
medication-specific information, it would require accessing
data such as side effect resources to answer questions about
adverse reactions [31] or extracting information from the Food
and Drug Administration—mandated drug labels using natural
language processing [32,33]. Such functionality can be used to
answer questions about adverse reactions, drug interactions,
and genera information about the drug.

Many studies assert that the chatbot would be broadly accepted
if it integrated with already existing technology and had multiple
functionalities other than hel ping with medi cation administration
or providing medication information. Some of them aso
suggested piloting this voice-based technology as an app on a
smartphone. These features were viewed as highly important
by older adults as well [30]. Our experts also suggested that
they could be integrated into either home smart speakers (easy
for older adults already using Alexa, Google Home, or Siri) or
smart pill dispensers. Older adultsfelt that home smart speakers
[34] were much simpler to use and were very impressed with
itsrange of functionalities. Integrating medication information
voice assistants into such systems might increase its adoption
rates. According to an infographics report by eMarketer [35] in
2018, 7.3% of the population aged >65 years would have used
asmart speaker device and its use would see a huge increment
from use in 2017 (36.3%). This suggests that integration with
smart speakers would benefit alarge patient population.

Apart from discussing the benefits and barriers, our expertsaso
emphasized some nonbenefits (potential benefits unlikely to be
realized) and nonbarriers (ie, potential barriersthey did not think
would be problematic). Nonbenefits were few but included
overdependence on technol ogy and ignoring the chatbot. Older
adults expressed fear of excessive reliance on technology in a
pilot study [34] on their interaction with Google Home (voice
assistant). Their specific concerns were the possible loss of
creativity and less physical and mental exercise with the use of
such agents. The other nonbenefit was that some older adults
ignored the chatbot. This was expected to occur if the chatbot
was not set up out of their own interest (eg, their family had set
it up for them without consultation). Some older adults
mentioned similar attitudes [28] wherein they were given
smartphones by their family members (thinking older adults
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would find it a useful tool), but they never knew how to use it
or what to do with it, and therefore never used it.

The significant nonbarrier derived from our analysis was
technology familiarity and use, as discussed above. Other
nonbarriers include trust in technology and age. Our experts
mentioned that many older adults already use technologies, such
as smartphones or computers, and some even use voice-based
technologies such as Alexa or Siri in their daily lives. This
tranglates to the idea that many older adults trust technology
and have no inhibitions to share their information while using
it. Another nonbenefit is age, as one of our experts mentioned
that some of the older adults are more tech-savvy regardless of
their age. However, as per the Pew Research Center [36], even
though technology use has been on the rise among older adults
in general, adoption and use declines above the age of 70 years
when compared with ages 65 to 69 years. The adoption and use
of certain technologies, such as smartphones, was seen to be
higher among affluent, well-educated, and younger populations.
Perhaps when other factors are considered along with age,
someone who is affluent and older (above 70 years) might use
technology more than someone who does not match the
affluence scale but is younger. Another survey [37] was that
apart from overall lesser adoption among older adults aged >75
compared with younger older adults, therewas a so adifference
in the type of technology that older adults aged >75 used more
than their younger counterparts, such as desktops and e-readers.
These findings suggest that there might be differences in the
adoption rates of voice-based medication information chatbots
based on the older adults age and other factors, such as
education and income levels.

Limitations

Our needs analysis had severa limitations. First, as our
interviewee group was asmall (8 experts) convenience sample,
this may have led to a chance of bias. For instance, each of the
interviewees was based in urban areas and a large part of a
university-based hospital system. We originally planned to
combine these interviews with a simulation study with older
adults, but the COVID-19 pandemic prevented any use of a
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realistic simulation environment. Therefore, the identification
of important needs from the adults' perspective was missed,
limiting our analysis to only geriatrics experts. We plan to
conduct such a simulation-based study to supplement the
findings of this study once the pandemic allows such a study
to be conducted safely, specifically incorporating a diversity of
patientsacrossracial, ethnic, and socioeconomic groups. Second,
asdescribed above on theissue of usability, it ishighly possible
for 2 systems with highly similar sets of features to diverge
gresatly intheir usability based on asmall number of traits, which
means that the overall perception of a system (as with any
interactive system) is highly system-specific. Thus, it would be
appropriate to repeat this study with a more specific focus on
aspecific medication information chatbot. Third, our interview
participants were asked to focus on medication information
needs for relatively recently prescribed medications (within 6
months). However, the medications that the patient has been
taking for alongtime are still associated with information needs,
and these likely diverge from those of recently prescribed
medications.

Conclusions

A medication information chatbot would have an advantage in
helping older adults with their medications, especially with
reminders, instructions, increasing knowledge, and medication
adherence. Even though technological capabilitieswould seem
to be a barrier, most older adults are sufficiently familiar with
technology, especially those from higher socioeconomic
populations and adults who are close to younger generations.
For the chatbot to be useful across a broad spectrum of older
adults, designing an affordable chatbot that is easy and usable
with troubleshooting capabilities, as well as connected with
providers and pharmacies, would be of high priority. Usability
has emerged as a significant factor, both under the need to
construct achatbot and the benefits of achatbot. Thesefindings
suggest aframework for avoice-based, Al-powered medication
information chatbot, although many of the findings require
further investigation. Future work should dive deeper into
identifying technological solutions to the particular needs and
barriersthat older adults face regarding medication information.
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Abstract

Background: The province of New Brunswick (NB) has one of the oldest populations in Canada, providing an opportunity to
develop and test innovative strategies to address the unique health challenges faced by older adults. Passive remote monitoring
technology has the potential to support independent living among older adults. Limited research has examined the benefits of
and barriers to the adoption of this technology among community-dwelling older adults.

Objective: Thisstudy aimed to explore perceptions of in-home passive remote monitoring technology designed to support aging
in place from the perspective of older adults, their family or friend caregivers, social workers, and government decision-makers
in the province of NB, Canada.

Methods: Between October 2018 and March 2020, arapid qualitative investigation of 28 one-on-one interviews was conducted
in person or viatelephone. Participantsincluded 2 home support services clientsand 11 family or friend caregivers who had used
passive remote monitoring technology in their homes; 8 social workers who had worked as case managers for home support
services clients; and 7 individuals who were key government decision-makers in the adoption, policy development, and use of
the technology in the province of NB. The interviews focused on the following topics: decision to adopt the passive remote
monitoring system, barriers to adopting the passive remote monitoring system, benefits of the passive remote monitoring system,
impact on client health outcomes, and privacy concerns. The interviewswere audio recorded, transcribed, and analyzed by ateam
of 6 researchers. Data analysis was conducted using a rapid assessment process approach that included matrix analysis.

Results: Participants reported that the use of the remote monitoring system allowed older adults to live at home longer and
provided caregiver relief. Stakeholders were invested in meeting the home support (home care) needs of older adults. However,
when it came to the use of remote monitoring, there was a lack of consensus about which clients it was well-suited for and the
role that socia workers should play in informing clients and caregivers about the service (role ambiguity, gatekeeping, and
perceived conflicts of interest).

Conclusions:  Our findings highlight many benefits and challenges of the adoption of passive remote monitoring for clients,
their family or friend caregivers, and public provincial health and social services systems. Passive remote monitoring isavaluable
tool that can provide support to older adults and their family or friend caregivers when it is a good fit with client needs. Further
work is needed in NB to increase public and social workers' awareness of the service and its benefits.

(IMIR Aging 2022;5(2):€31486) doi:10.2196/31486
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Introduction

Background

Population aging is a significant demographic trend affecting
countries worldwide. A recent 2020 United Nations report
estimated that worldwide, the population of adults aged >65
years will double from 703 million in 2019 to 1.5 hillion by
2050 [1]. The growth in the number of people living past the
age of 80 years has been even more rapid and is expected to
triple within the same time frame. In Canada, it is estimated
that 5.5 million peoplewill be aged =80 years by 2068, up from
1.6 million in 2018 [2]. Moreover, the number of centenarians
grew by over 10% from 2019 to 2020, and the gap between the
number of older adults and the number of children continuesto
widen.

Thisincreasein human longevity islargely because of advances
in medicine and public health and high population fertility rates
between 1946 and 1964 (the birth of the Baby Boomer
generation), which increased the size of this aging cohort.
However, a longer life span does not necessarily mean living
longer in good health [3,4]. It is well-established that at a
population level, the prevalence of chronic diseases and
disabilities increases with age [4]. As a result, attention has
shifted from a focus on increasing life spans to healthy aging,
an approach that emphasizes the quality of life and functional
ability, not just living longer [4].

As older adults experience a decline in their hedth and
functional abilities, they often require additional resources and
support to safely live in their homes. In Canada, this is often
achieved through acombination of publicly and privately funded
home care or home support services and unpaid caregiving by
friends and family. In Canada, family caregivers are estimated
to support 96% of individuals receiving long-term home care
[5] and are estimated to provide three-quarters of care services
to older adults living at home [6], saving the Canadian health
and continuing care systems an estimated US $66.5 hillion
annualy [7].

Recently, there has been increased interest and investment in
technological solutions designed to provide options for older
adults to choose how and where they wish to live in their later
years [8]. These technologies may also be cost-effective ways
of supplementing in-person services and supporting family or
friend caregivers and may ultimately prevent or delay
hospitalization or ingtitutionalization [9]. Given the current
workforce shortage in long-term care across Canada [10] and
the increasing number of older adults wishing to stay in their
own homes, innovative technological solutions have the
potential to play an important role in the lives of
community-dwelling older adults and their families.

The trend toward increased use of technology in older adult
carealignswith the model for geriatric care proposed by Alwan
[11] >10 years ago. He envisioned amodel of care enabled by
technology that highlighted the potential benefits for older
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adults, their paid and unpaid caregivers, social and health care
service providers, and hedlth care and socia systems. He
imagined seamless systems that would foster client-centered
care and immediate, tailored interventions based on real-time
data[12]. Passive remote monitoring technol ogies that describe
technologies embedded in the home to collect behavioral and
physiological data and communicate between all stakeholders
without requiring input from end users were central features of
this new approach to home care, which held the promise of
supporting older adults to maintain their independence for
longer, delay institutionalization, and reduce costs [11,12].

Since then, much novel health monitoring and in-home
technologies and systems have become available to the public,
ranging from wearable smartwatches to in-home smart
appliances and technology integrationsthat allow oneto manage
their home's functionalities at the touch of their phone. Thus,
there is generally more awareness and openness by the public
to in-home technologies that can assist people with activities
of daily living and entertainment [ 13]. However, passive remote
monitoring systems tailored to the needs of older adults with
increasing home care or home support needs and their caregivers
seem to be less widely used, in part because of concerns about
persona privacy by multiple stakeholders, costs, and uncertainty
about their effectiveness[14].

Home Support Servicesfor Older Adultsin New
Brunswick

In New Brunswick (NB), Canada, many older adultsare€ligible
toreceive publicly funded home care and home support services
[15]. In this provincia context, home support services refer to
nonmedical services such as assistance with activities of daily
living, respite care, and help with shopping or errands. The
province's Department of Social Development is responsible
for funding and managing home support servicesfor older adults
who are eligibleto receivethem, whereas avariety of third-party
companies or individuals deliver these services. In contrast,
home care refers to services provided by regulated health care
professionals (eg, registered nurses and occupational therapists).
Home care is funded by the province's Department of Health
[16]. In terms of funding, individuals can pay out of pocket for
either type of serviceif they are not eligible to receive publicly
funded services or if they wish to supplement the services they
receive. In this study, we focus on an in-home passive remote
monitoring system that is available as part of the suite of
publicly funded home support services offered by the NB
Department of Social Development.

The Passive Remote M onitoring Service

CareLink Advantage is a private company that operates in
several Canadian provinces. Their service was initialy
developed by adapting home security system technology to
address the specific needs of community-dwelling older adults
requiring increasing levels of support to maintain their
independence. The system was designed so that it can betailored
to client needs, offering a client-centered solution to home
support needs. In terms of the physical system, clients can
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choose a combination of passive monitoring devices for their
home system, including motion detectors, bed and chair sensors,
medication adherence monitors, and motion-activated video
cameras. Onceinstalled, the system alowsfor ongoing passive
remote monitoring to occur. First, behavioral norms are
established for clients. Then parameters are set to alert afamily
or friend caregiver by phone or SM Stext message when unusual
behavior such as wandering or mismanagement of medication
has been detected [17]. These real-time notifications allow the
caregiver to check on the client and intervene if necessary. In
addition, family or friend caregivers canlog into a secure portal
where they can see client data such as sensor activity and
15-second video clips of the outside entrance of the home,
allowing them to see changes over time [17].

Since 2008, CareLink Advantage has been included in the suite
of servicesfunded by the NB Department of Social Development
for older adults in the province who are eligible to receive
publicly funded home support services [18]. However, despite
older adults making up >20% of the province's population,
adoption has been extremely low, with <100 clients having used
the service over the past 12 years (McDonald, persona
communication, 2020). It is unclear why adoption has been so
low. Therefore, the purpose of this study was to understand the
experiences and perspectives of key stakeholders in NB
regarding the adoption of CareLink Advantage.

Methods

Overview

We conducted a qualitative study using semistructured
interviewsthat were analyzed using arapid assessment process
[19] to generate apreliminary understanding of the experiences
and opinions of key stakeholdersin the province regarding the
remote monitoring system. Thisrapid assessment processisan
intensive, team-based ethnographic approach to qualitative data
analysis that uses triangulation, iterative data collection, and
iterative dataanalysisto quickly gain theinsider’s perspective,
which informs future data collection and analysis[19]. Project
timelines can be as short as 4 to 5 days, with at least two
researchers involved; however, the study becomes more robust
with more researchers and time spent on data collection and
analysis[20]. Thisprocessisalso noted to benefit from adiverse
team of researchers performing research, where the combination
of experience and knowledge acts as a substitute for the time
spent in the field.

This rapid assessment process was an idea choice of
methodology for this study as it suited the need to efficiently
analyze alarge and complex data set containing 28 qualitative
interviews with >35 hours of transcripts, spanning >4 different
data subsets representing clients, their family or friend
caregivers, socia workers, and decision-makers. Thisapproach
facilitated the process of comparing data subsets and gaining a
better understanding of how the remote monitoring system is
perceived across the 4 key stakeholder groups. The quick
turnaround of thisanalysis generated thetimely findings needed
toinform 2 other related and concurrent projects evaluating the
use of the remote monitoring system in 2 other Canadian
provinces. Using this method also leveraged the wide range of
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expertise and experience represented by a core team of 6
researchersand 3 additional participants throughout the lifetime
of the project.

Participants

To obtain arich data set that captured a range of perspectives
on passive remote monitoring technol ogy, we sought participants
from 4 key stakeholder groups using acombination of purposive,
snowball, and convenience sampling. The target stakeholders
included (1) older adults aged =55 years who used the remote
monitoring system in the province with or without subsidy from
the Department of Social Development, (2) family or friend
caregiverswith experience using the passive remote monitoring
systemin the past or present, (3) social workerswith experience
working as case managers for older adults receiving home
support services from the Department of Social Devel opment,
and (4) individuals who were engaged in the initial adoption
and ongoing administration of the passive remote monitoring
system as part of the range of home support services covered
by the Department of Social Development (ie, government
decision-makers). Social workers were eligible to participate
regardless of whether any of their clients had used the
technology. Clientsand family or friend caregiverswho did not
have experience using the system were not dligible to participate
in the study.

Participants were recruited using several approaches. Eligible
clients and family or friend caregivers were identified and
contacted by the Department of Social Development and
CareLink Advantage to inform them about the study and invite
them to contact the research team if they were interested in
participating. Thisindirect approach was used to protect client
privacy. The Department of Social Development also sent out
a recruitment email internally to the staff, including social
workers who worked as case managers for older adults. In
addition, the research team used snowball sampling [21] by
asking interview participants at the end of their interviews to
inform peoplein their social circlesabout the study if they were
eigible. Finally, key stakeholders who had been involved in
the initial adoption of the passive remote monitoring systemin
this province but were now retired were personaly invited
directly by the research team to participate in interviews. All
participantsreceived aletter of information about the study and
provided written informed consent before partaking in the
interviews.

Data Collection

A series of in-person or telephonic semistructured qualitative
interviews were conducted using an interview guide. The
guestions were designed to explore participants experience
using (clients or caregivers), recommending, or implementing
(social workers or government decision-makers) the remote
monitoring system. Some questions specifically focused on the
implementation process at the public and individual levels.
Other questions were included to shed light on the issues of
client information sharing, storage, and privacy, as thiswas a
common barrier anecdotally reported to be hindering the
adoption of the passive remote monitoring system in the
province. The questions led each participant to discuss their
experience with how the remote monitoring system supported
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the client’s ability to delay or eliminate the option of leaving
their home for long-term care.

Data Analysis

Following the steps outlined by Hamilton and Finley [22], a
team of 6 researchers collaboratively devel oped adataextraction
templ ate based on semistructured interview guides used for data
collection. The data analysis process was tested and refined by
independently applying it to 2 interview transcripts, reviewing
the results, and collaboratively refining the process. Next, the
researchers were split into 2 teams of 3 researchers to analyze
the interviews. One team analyzed client and caregiver (n=13)
interviews, and the second team analyzed social worker and
government decision-maker (n=15) interviews. Each researcher
independently reviewed the assigned transcripts and met with
their team (3/6, 50%) to compare and discuss their findings.
Then the 2 teams (6/6, 100%) met to compare, discuss, and
summarize the findings into a matrix. Team members had
varying levels of personal engagement with digital technologies
to support the caregiving of older adults, and these personal
experienceswere used at timesto delve deeper into a particular
guote or theme that was emerging. Through dialog between
team members, we discussed the differencesin our analysisand
arrived at a shared understanding of the data. To ensure
trustworthiness, the following strategies were used throughout
the data analysis process. peer debriefing, investigator
triangulation, iterative analysis, and maintenance of an audit
trail [21,23].

Ethics Approval

This study was approved by the Research Ethics Board at the
University of New Brunswick (REB#: 2017-057).
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Results

Participants

Participants included 2 home support services clients and 11
family or friend caregivers who had used passive remote
monitoring technology in their homes; 8 social workers who
had worked as case managers for home support services clients;
and 7 individuals who were key government decision-makers
in the adoption, policies, and use of the technology in the
province of NB. Caregiver participants were not necessarily
associated with the 2 client participants.

On the basis of the information shared during the interviews,
participants had the following characteristics. the 2 client
participants lived in close proximity to their caregivers and had
a comprehensive setup that included cameras, medication
dispensers; and passive sensors on the bed, refrigerator, and
exits of the home (Table 1). Of the 11 caregiver participants, 9
(82%) were adult children caring for parents, 1 (9%) was caring
for arelative or sibling, and 1 (9%) was caring for both a parent
and asibling. Of the 11 caregivers, 1 (9%) lived with the client,
2 (18%) lived outside of the province, and 8 (73%) lived in
close proximity to the client. Approximately 55% (6/11) of
caregivers reported their loved ones having a camera in their
home. Of the 8 social worker participants, 6 (75%) had received
a l-hour training session from either the passive remote
monitoring company or thelocal contractor hired to servicethe
passive remote monitoring company’s clients. None of the
participants confirmed that they had participated in the pilot
study. In the decision-maker group, of the 7 participants, 3
(43%) were former social workers who had clients using the
remote monitoring system, and 2 (29%) were hired by a
community organization funded by the province to pilot the
remote monitoring system in the province.

Table 1. Remote monitoring component use and paid in-person care across client and family or friend caregiver data subsets.

Interviewer code Participant type Remote monitoring system components
Bed sensor  Door or room sensor M edication adherence Cameras Paid in-person care
1006_01 Patient O O O O
1009 01 Patient O O O
1008_01 Caregiver O O
1010 01 Caregiver O ad O a
1014 01 Caregiver O O O O
1015 01 Caregiver O ad a
1016 01 Caregiver O O
1018 01 Caregiver O ad
1020_01 Caregiver O O
1022 01 Caregiver ad
1024 01 Caregiver O
1025 01 Caregiver
1027_01 Caregiver
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Key Messages

The summary matrix (Multimedia Appendix 1) provides the
key messages by each participant group for the categories
included in the data analysis template. The categories were (1)
the decision to adopt the passive remote monitoring system, (2)
barriers to adopting the passive remote monitoring system, (3)
benefits of the passive remote monitoring system, (4) impact
on client health outcomes, and (5) privacy concerns.

The Decision to Adopt the Passive Remote Monitoring
System

Decision-Maker Adoption

Approximately 29% (2/7) of the decision-maker participantsin
our study were directly involved in bringing the remote
monitoring system to the province. In their interviews, they
recounted how they had first learned about the technology at a
conference in Ontario and then worked with the Department of
Social Development to spearhead a pilot that led to CareLink
Advantage being included in the basket of services availableto
older home support clients:

...as we were touring exhibits, we saw Carelink and
we had never heard of it and so the guy showed us
how on his Blackberry he could see how his mother
who had dementia was managing with her meds and
her mobility in her apartment. She was miles away
and it kind of blew us away, we never thought of that
and so he explained how the technology works with
basic home security apparatus and camerasand with
camera positions specifically over the medications
so he could tell whether she had taken her pillstoday
or not and her whole system of alarms on doors,
alarms on the bathroomand el sawhere and we looked
at that. We thought my goodness, that has great
applicationsfor New Brunswick and so we came back
and brought the publicity material to the Department
of Social Devel opment who agreed to a pilot project.
| think there were several nursing homes involved
and we had clients scattered around and so on the
success of the pilot project, the department agreed to
make it a benefit for persons dealing with parents at
home. e could see right away that it had enormous
potential [Participant 1029, lines 7-27]

Both decision-maker participantsindicated that there were few
barriers to government adoption. However, they noted a lack
of awareness of the service. For example, participant 1029 stated
the following:

Every family that I’ ve asked, my first question is did
anybody explain this technology to you and they say
no...I ask them, social workersor peopleinthefield,
what do you know about CareLink and they just draw
a blank because they don't know. [Participant 1029,
lines 136-141]

Client Adoption

It seemed to be well understood across all participant groups
that the technology had to be considered agood fit for the needs
of the client and their family or friend caregiver by all parties
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involved in deciding whether to install remote monitoring
devices (social worker, client, and family or friend caregiver).

Social workers played a key role in determining who was a
good fit for the service based on their assessment and
circumstances and shared information about the system only
when they thought it would be appropriate. The importance of
a good match between client needs and CareLink Advantage
was highlighted by several socia worker participants. As one
of the participants explained, introducing CareLink Advantage
to a client involved using “...their own kind of understanding
of what thetechnology isto sharewith the client when they feel
it's something that might meet the need of a client so they
wouldn’t be exploring it in every situation, just when they think
that there's an appropriate use for it” [Participant 1017, lines
314-319]. Another stated the following:

...not everyone receives the information because it
wouldn’t be appropriate for everyone to receive it
either and that’s part of the social worker’srolewhen
they're developing their case plan and talking to
families. [Participant 0206, lines 132-135]

Although the fit was identified as being very important, social
workerswere divided on their perceptions of which clientsthey
should recommend passive remote monitoring to. For example,
the geographical distance between clients and their family or
friend caregiverswasinterpreted differently. One social worker
stated the following:

...they need some form of supervision...typically, those
arethe peoplewho areliving independently who have
family nearby who CarelLink have an option for.
[Participant 1004, lines 40-51]
In contrast, a decision-maker who used to be a social worker
shared stories of how the service had been extremely helpful to
a caregiver who lived in another country:

...after we installed that [monitoring devices], she
came twice or three times a year and it was less
stressful for her. Shefelt like she knew what was going
on. She felt like she was able to make sure that her
momwastreated well. Like shefelt like shewasthere,
so huge impact. [Participant 1019, lines 699-704]

Cognitive status and wandering behaviorswere also considered
by the social workers when making their recommendations.
Some viewed the technology as an excellent service for clients
who needed high levels of supervision and felt the technology
could delay or avoid residential care. As one of the social
workersexplained, Carelink Advantage can beahel pful service
for clients experiencing memory loss and their families:

Family members are concerned because they forget
and most of thetimetoo it could be like security issues
like they're forgetting like the stove on. They might
go for a walk and don’t remember where they live.
They could lose themselves like they' re wandering.
[Participant 1023, lines 276-280]

This participant stated that in these situations, “...[CareLink
Advantage] helps certainly because it reassures everybody. It
shows either the need for a placement or it shows either that the
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personisstill ableto stay in her house” [Participant 1023, lines
415-417]. Another social worker emphasized the following:

..supervision is a big thing when a client has

Alzheimer’s or dementia and...families often want to

keep their loved one home [as] long as possible. So,

the more supervision we have in the home, the more

possible it is to do that. And that's what | think

CareLink can do, is kind of provide more of that

supervision piece without giving up too much privacy.

[Participant 1003, lines 233-236]
In contrast, some social workersfelt that clientswith substantial
cognitive impairments and a high propensity to wander were
too risky for passive remote monitoring as they always needed
a person with them or at least the caregiver to continually
monitor their electronic devices for any notifications. For
example, one of the social workers stated that CareLink is“Not
for somebody that is at risk of wandering, but it's good when
they are kind of in their early stages and then they are kind of
in that gray area” (Participant 1007, lines 36-38). Another
emphasized theimportance of having family or friend caregiver
support for the service to be useful:

Certainly if people are ableto stay in their home like
longer, but it has its limits too. Like one time | had
one client she had Lifeline, CareLink, but the
family/friend caregiver was not checking his phone
or hiscomputer so he'd get nothing. [Participant 1023,
lines 508-514]

Family or friend caregivers were also identified by almost all
participants as playing akey rolein deciding to adopt the remote
monitoring system. Thiswasin part because of the requirement
of having a designated person to receive system notifications
if anything unusua should happen. It was also reported that
caregivers played a stronger decision-making role in selecting
home support service options when older adults had cognitive
impairment and were less able or unable to make their own
decisions. Whenever possible, clientswere directly involvedin
the decision about adopting the passive remote monitoring
system. The 2 clients who participated in our study reported
that they were selected to have Carel ink Advantage and agreed
to haveit. One client shared the following:

...they didn't ask us if we was interested, they come
in and said we were selected. And wanted to know if
we'd like to have it, and | thought, Oh, this is a
Godsend. Thisiswonderful. So they spent over a half
day here, and put things together, putting things up
and | was so happy. [Participant 1009-01, lines 60-63]

Barriersto Adopting CarelLink Advantage

Perceived barriers to the adoption of CareLink Advantage
included a lack of awareness and knowledge of the service,
preference for traditional or familiar home support services,
additional caregiving responsibility required, hesitancy to
promote a service offered by a private company, costs, privacy,
and language.

Lack of awareness and knowledge of the service wasidentified
asthe primary barrier to adoption. In particular, social workers
felt that the passive remote monitoring system was not promoted
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or visible enough in the province, making it difficult for clients
and caregivers to understand what it was and how it worked:

I mean they gave us pamphlets as well to pass out to
clients...but it's still a newer service to introduce to
clients. So you kind of have to keep reminding your self
that it exists. [Participant 1012, lines 35-37]

Some social workers expressed an interest in learning more
about the technology so that they would feel more comfortable
explaining the service, whereas others wanted informational
pamphlets to hand out to clients. There was also sentiment by
some social workers that it was not their job to promote the
passive remote monitoring system or explain it to people:

..it's my decision to offer it and put their
decision...forward it if they want it, but making the
decision to have it has to come from the client.
[Participant 1012, lines 182-184]

Decision-makers felt that the biggest barrier to adoption was
communication between socia workersand caregiversor clients
about the service. They identified several structural factors that
influenced social workers' knowledge about the passive remote
monitoring system and their ability to discussit with their clients
and caregivers. Social workers gaps in knowledge about
available serviceswere thought to be the result of acombination
of high turnover and insufficient orientation to the services. For
example, one of the decision-makers shared the following:

The staff in the regions don't get a formal prescribed
orientation or training program, they just kind of
pluck [them] in the job and they learn, they pickup
stuff from the person that was previously in that job.
Whatever they pickup they pickup pretty informally
and so if the person that occupied that particular
social work position before knew nothing about
CarelLink Advantage, guess what, the new person
coming in is gonna know nothing about CarelLink
Advantage either. [Participant 1029-01, lines
1178-1183]

In addition, decision-makers felt that because of the social
workers' demanding workloads, they had little time to learn
more about the passive remote monitoring system or take on
the responsibility of teaching or guiding caregivers about the
technology:

...thereispressurethereto put in plansthat you know
will be successful because for you to go back in and
seethem every 3 months because thingsare unfolding,
can be a challenge when you have a number of clients
that you're managing...so it's finding that balance
of...what do | know is successful and how do | get that
setup so that people aren’'t knocking on my door every
minute. [Participant 1017, lines 716-721]

There was a sense that social workers, clients, and caregivers
were apprehensive about the technology and preferred more
traditional services with which they were familiar, especialy
when they werein crisisand feeling overwhelmed. For example,
one of the decision-makers shared the following:

...some people’s misunderstanding as to the benefits
of the technology is also a challenge. People still
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really push for needing the hands-on care then they
feel they're not doing anything if there isn't someone
physically there doing the care. [Participant 1017,
lines 227-231]

This was supported by statements from socia workers such as
the following:

But | think that a lot of the reason why | don't use it
as much, for one, | don't offer it to every family
because sometimes a person is needed and CareLink
would not be enough to meet the need or address the
concern. [Participant 1004, lines 122-126]

Another socia worker noted that when in crisis, caregivers often
feel overwhelmed and unable to take on a new challenge or
responsibility and see how the passive remote monitoring system
can help them. They said the following:

The caregiver is saying like I’'m stressed, I'm burnt
out, | just don’t have the capacity...she's getting up
at night and | know it’s happening five times a night,
| need someone to be there to manage that, not me,
that kind of thing. So, | think there’s probably some
ways you could you know;, if we were creative about
the problem-solving we probably could makeit work,
but by that time the caregivers are like turned off.
[Participant 1017, lines 390-393]

Decision-makers from the NB Department of Socia
Development felt that some social workers seemed to view
discussing CareLink Advantage with clients as a conflict of
interest as the service is run by a private business. One of the
participants explained the following:

..itwasunclear to themwhat their rolewas....they're
looking to the social worker to help explain that and
kind of promote that when that’s not really their role,
right...Because...the expectation of the social
workers...give the client the options of what's
available to them. [Participant 0206, lines 97-98 and
102-103]

Caregivers perceived the cost of theinternet asabarrier to using
the system, although it was only required if video cameraswere
desired in the home. Social workers also raised concerns about
cost, internet access, and potential power outages, particularly
in rural areas of the province. Caregivers also reported
pushbacks from home support services agencies related to
personal care workers who had privacy concerns if they were
monitored when they came into the home. Installation services
not offered in the client’s preferred language were also identified
as a potential barrier. Finally, client pride was also identified
as a potential barrier, with one of the participants noting the
following:

..it's hard for a lot of people to admit that they may
need that level of monitoring, right? [Participant 0206,
line 151]

Benefits of CarelLink Advantage

Benefits for caregivers and clients were identified by all
participant groups. Interestingly, decision-makers felt that the
main benefit of the passive remote monitoring system was to
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caregivers who require support, with one explaining the
following:

...you see it more as a support for the caregiver to
kind of give themthat relief and that sense of security
of what's going on in the home. [Participant 1017,
lines 1202-1204]

For clients, the main benefits identified were increased peace
of mind and increased access to services when needed. One
client noted the following:

..withthisinyour home, it'smore-or-lesslifesaving...
If something happens, it goes directly to their home,
or televison or cellphone, whatever it's on.
[Participant 1009, lines 103-107]

Caregivers also reported that clients felt safer and that they
themselves experienced a sense of relief and reassurance that
their friend or family member was safe. One caregiver stated
that with the system in place,

...itwas safe...for usto go to work knowing that if she
opened the door somebody will notice...and wewould
react, we would go or call first and then if she didn’'t
answer well, we got in the car and go see where she
was. [Participant 1027, lines 218-220]

In addition, caregiversreported feeling less stress, greater peace
of mind, and better sleep, and some were ableto take vacations,
knowing that they would be alerted if anything waswrong. One
of the caregivers stated that the remote monitoring system
provided a strong sense of relief to her and her siblings:

It took away so much stress for me, it was
unbelievable, | was at my wit's end worrying all the
time. It was such a big, big relief for me and my
sister...because she's so far away and she's so guilty
that she’'s not here to help. She knew the burden was
on me, but...she could see how, you know, what my
mother was doing through the sensors. [Participant
10186, lines 252-258]

Another highlighted the sense of peace and relief from worry
that the system provided:

...it gives you a good peace of mind that everything
is under control and you don't need to worry...
[Participant 1025, line 547]

A third caregiver provided an example of how they were able
to remain connected and reassured when apart, even on vacation:

...50, we're on vacation you can just click in, and you
can see himthere and if we wanted to talk to himon
the phone you clicked, he was in his chair in the
kitchen close to the phone well then, we would call,
and you' d know he could reach the phone. [ Parti cipant
1020, lines 365-370]

In addition to providing benefits to clients and caregivers
separately, social workers mentioned that the passive remote
monitoring system contributed to better relationships between
caregivers and clients. For instance, one of the participants
shared that having CareLink Advantage allowed caregivers to
focusless on the older adult’shealth. They stated thefollowing:
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Mostly what you hear are the caregivers, right, that
they feel much more at ease and more comfortable,
they can start to have different conversations with
their, you know, often it's their parents you know
instead of you know, did you take your medications
or whatever they know, right, so it can help with that.
[Participant 0206-01, lines 347-350]

Another benefit perceived by caregivers was the ability to
monitor the care provided by home support workers. For
example, one of the caregivers shared that having the passive
remote monitoring technology in the home provided
confirmation that care was being provided as expected:

The expected time for themusually to arriveisusually
between 9:30 and 10:00 in the morning and | could
see you know, the door was open and | would get a
ding on my thing to indicate the door was open or
had been opened. Through the motion | could see,
through the motion sensors so graph bars that there
was activity, oh, now they're in the bathroom. She's
getting a shower so | knew that she was getting the
services from the personal care worker, they were
doing what they were supposed to be doing asregards
to showers... [Participant 1016, lines 158-165]

Another caregiver shared that they did not trust home support
workers because of negative experiences that they had in the
past:

Shewas supposed to give hima shower she never did.
Shewent out seven times outside to smoke, seventimes
in three hours. That’s not normal. [Participant 1024,
line 854]

This participant stated that the system provided reassurance and
suggested that it should be used more widely to prevent abuse:

It was reassuring for me. That's why | want it out
there more. | want the social worker to push it
because | want to see it more and you see where the
abuseisbeing made. [Participant 1024, lines 852-853]

Decision-makersand socia workersalso identified cost savings
to provincial health and long-term care systems, as well as to
families, as a key benefit, as the passive remote monitoring
system is less expensive than in-person care. One of the social
workers added that it might help address the current workforce
shortage.

Impact of CareLink Advantage on Client Health
Outcomes

Caregivers reported no changes in health care use, whereas
social workers and decision-makers stated that there was no
formal process to evaluate the impact of the passive remote
monitoring system on client health outcomes. However, al 4
groups reported that clients using the passive remote monitoring
system were able to stay in their homes longer or completely
avoid going to a nursing home:

...it kept her in her home until she passed away...So
it was just the best thing that could ever happen, it
was very very good, positive and the people were so,
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they werejust so wonderful to work with. [Participant
1015, lines 61-64]

A social worker commented on the health outcomes related to
staying at home longer:

...| see often-timesa lot of clients need to go to special
care homes or nursing homes that do have 24-hour
supervisions, but those transitions can be really,
really tough. And sometimes clients health
deteriorate with those transitions leaving home and
being in a new environment and it's hard to adapt to
that...in terms of possibly keeping them home longer
and what is affecting you know their emotional health,
maybe in that regard [it is beneficial]. [Participant
1012, lines 257-265]

Decision-makers highlighted that it supported client choice:

...it'sgiving them other optionsand it’s offering them
the ability to stay home longer...\\e want to be able
to keep seniorsin their home aslong asit’s possible
so | think with CareLink that’swhat it gave us. It gave
us more options to be able to do that. [Participant
1019, lines 375-379]

Clients also reported increased accessibility to emergency
services when required and increased peace of mind and sense
of security. For example, one of the clients shared their
experience using the system to access emergency serviceswhen
they fell:

...I came to on the floor, between the bathroom and
the bedroom, and | pushed the button then and | guess
it must, | can't remember whether [ name removed]
was up here at the time or they called him and told
him. But they had an ambulance come and they
[ paramedics] took me to the hospital, because they
call the ambulance for you. [Participant 1009, lines
108-112]

Caregivers stated that the passive remote monitoring system
allowed them to keep track of evolving care needs such as
increased supervision, maintaining client routines, ensuring
adequate nutrition, and assisting with adherence, adjustments
to treatment, and medication protocols through observation of
changes in behaviors such as increased sleep in older adults.
One of the participants shared that having CareLink Advantage
in her mother’s home allowed her to monitor her pain:

Shewas bed, not to say bedridden, but shewas always
laying in bed for the longest times whether through
boredom or through just, she told me a lot of times
she's just tired, arthritic pain. We were able to
monitor and watch that. It then became a concern, it
actually became a concern to us because we noticed
that shewasin bed a lot, more so than we would ever
have thought so that became an issuefor us. It raised
to the point that when | told the doctor about how
long she was staying in bed, well take a look at her
meds and stuff and we started actually adjusting her
meds. [Participant 1016, lines 88-95]

Similarly, socia workers identified CareLink Advantage as
facilitating the tracking of evolving client care needs. They
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emphasi zed that although the passive remote monitoring system
helped keep clients home longer, at some point, institutional
placement was often unavoidabl e when care needs were beyond
what home support services could offer.

Privacy Concerns

Interestingly, clients themselves had few persona privacy
concerns about the monitoring, athough they acknowledged
that caregivers and visitors coming into their homes might feel
it was an intrusion. One acknowledged that the passive remote
monitoring system might provide more privacy than having
personal support workers coming into the home:

WEI, | guess, it does make me fedl safer...There was
atimewhen | didn’'t, when we had certain caretakers
in herewith the key to everybody’sdoor... [ Participant
1006, line 276]

Thisview wasal so expressed by adecision-maker who indicated
technology waslessinvasive and disruptive than having multiple
home support workers entering the home:

..inaway it may be invading their privacy in a way,
but it’slessinvasive than if you have a person in your
homelike everyday. [Participant 1021, lines 352-353]

On the other hand, family or friend caregivers were concerned
about the privacy of the client but felt that this was outweighed
by the additional sense of security and honoring their wish to
stay in their own home. A family or friend caregiver discussed
choosing monitoring devices that would have |ess effect on her
family member’s privacy:

..let’s start off with the door and the mattress pad
and let’sjust start slowly... She's only alone like half
an hour in the morning and two in the afternoon, but
when we leave for lunch we know she goes to bed
from one to three. [Participant 1023, lines 314-318]

Consistent with the views of the clients in our study, some
caregivers reported that clients did not mind the cameras and
sensors and did not have objections related to privacy. They
also identified the privacy of paid caregivers coming into the
home as a concern.

Social workers' concerns about privacy were centered on the
use of technology, which conflicts with provincia privacy
legislation. These concerns focused mainly on the video
components of the system:

| think the idea of camerasis really scary to a lot of
people...most seniors they want to be as independent
as they can be and the idea of someone checking in
on them, or being notified, you know, is taking away
their independence...l think the idea of cameras can
be really off putting and viewed asreally invasive...|
mean as soon as cameras are mentioned, their eyes
go wide. You know they are shaking their head and
they just have no interest at all. [Participant 1012,
lines 290-296]

They also questioned the privacy of care providers or visitors
who were not aware of the presence of cameras and what
information should be available to alert them:
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...the cameras, in the spare room or something just
in case they open the client’s cameras and...went in
to change from their one set of change to their work
clothes or whatever the case may be, or just for the
person general knowledge that there are camerasand
that there is someone looking in. [Participant 1012,
lines 400-407)

The perceived impact of monitoring devices on privacy was
viewed asabarrier to the adoption of passive remote monitoring
systems in the province. The option of having cameras in the
homewas perceived by the decision-makersas being particularly
concerning to the social workers, aview that was supported by
the interviews with social workers. Decision-makers perceived
socia workers as focusing too much on their own concernsand
not enough on the benefits of the system. Findly, the
decision-makers also reported that more stringent data
collection, storage, and management policies had been applied
at the Department of Social Development since the pilot and
the need to keep up with evolving provincial and federal policies
on health data security.

The decision-maker group perceived that social workers had a
strong ethical lensand were committed to protecting the privacy
of their clients. However, they felt that privacy issues needed
to be weighed against safety, and if the home support services
client were to be admitted to a long-term care facility, their
privacy would be compromised even more;

There have been some well positioned persons of
influence who are really, who expressed very strong
feelings on the privacy thing...our response to that
has always been look, the elder isliving at homewith
dementia and cognition may be seriously
compromised anyway and their son who isthe power
of attorney and responsible for mama’s care signs
off on this thing, stop worrying about the privacy
issues because at the end of the day what we have to
be more concerned about is the safety of your old
mom...| think the response for that is, you know, you
got to apply common sense, good reason and you got
to make sure that the care of mom is top priority.
[Participant 1029, lines 224-236]

Another decision-maker highlighted the heightened concern
over privacy when cameras were in the home and felt that it
was unwarranted, given that regardless of the presence of a
camera, older adults have more privacy at home than they would
when living in anursing home:

So staff perception of the cameras was heightened
and | believe that was the biggest barrier to
implementing it...I said to them you know, if you
believe that somebody who leaves their home early
and goes to a nursing home is going to have more
privacy than you would have in your own home with
cameras that are only being viewed by family
members, then you need to think again. [Participant
1030, lines 63-71]
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Discussion

Principal Findings

Overdll, it wasclear that all stakehol ders shared acommon goal
of helping meet theindividual needs of older adultswho require
support services to live safely in their own homes using a
client-centered approach. However, when it came to the use of
the CareLink Advantage remote monitoring service asatool to
help meet these needs, there was a lack of consensus about
which clients it was well-suited for and the role social workers
should play ininforming clientsand caregivers about the service.
Our findings highlighted many benefits of the passive remote
monitoring servicefor clients, their family or friend caregivers,
and public provincial health and social services systems, aswell
as the challenges associated with adopting novel technology
that people are unfamiliar with or uncertain about. To our
knowledge, thisisone of thefirst studiesto examine anin-home
remote monitoring system for older adults by triangul ating data
from 4 diverse stakeholder groups. Thus, our research
contributionsare 2-fold. Firgt, our findings provideinsightsthat
advance the understanding of the implementation and use of
in-home remote monitoring systems in older adults' homes.
Second, this study provides a useful example of a rapid
methodological approach that can be replicated by others.

Staying Home L onger

A key finding was that all participant groups reported that the
remote monitoring system allowed clientsto live at homelonger
than they would have been able to without the technology. To
date, limited research has examined the impact of in-home
remote monitoring systems on older adults' ability to live at
home longer. A recent scoping review [24] identified only 14
studies published before February 2019 that examined outcomes
related to having this type of technology in the homes of
community-dwelling older adults. Although a wide range of
outcomes was assessed in these studies, none of them tested the
impact of passive remote monitoring on thelength of time ol der
adultswere ableto live at home or time until institutionalization
was required. One qualitative study did find that older adults
reported a strong desire to age in place and saw passive remote
monitoring technology as a tool to make that happen [25].
Although our study provides preliminary evidence that suggests
that in-home passive remote monitoring technology may enable
older adultsto live a home longer, further research with robust
guantitative designs is needed to test this relationship.

More recently, Pais et a [26] conducted a 12-month
observational study in Switzerland to evaluate the useability,
functionality, and effects of an in-home monitoring system
comprising acombination of wearable and passive monitorson
older adults, their family caregivers, and home care nurses.
Consistent with our findings, the study by Pais et al [26] found
that most older adults, family caregivers, and nurses perceived
that the monitoring system helped older adults stay at home
longer. Similarly, a recent systematic review of stakeholder
perspectives on technology use among community-dwelling
older adults with dementia found that the perceived potential
for technologies to allow them to stay in their own homes and
avoid or delay institutionalization was an important facilitator
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of technology adoption among older adultswith dementia[27].
They aso found that family or friend caregivers had positive
perceptions of technologies with the potential to enhance the
independence and quality of life of people with dementia[27].

Our findings contribute to the growing evidence that suggests
that providing older adults with the option to live at home is
important and that in-home technologies are perceived as a
means through which to achieve this desired outcome.
Moreover, our qualitative findings, along with those of others,
support the need for stronger empirica evidencelinking in-home
technol ogy interventionsto staying at homelonger and delaying
or avoiding institutionalization.

Caregiver Relief

Another key finding was that the remote monitoring service
provided valuable benefits for family or friend caregivers of
older adults. In discussing the benefits of remote monitoring
technology to support aging in place, many social workers and
policy makers mentioned the family or friend caregiver’'s need
for support. Therole of afamily or friend caregiver isto fulfill
an increasing demand for home-based care, precipitated by an
aging population and governments promoting policies to
alleviate the pressures on the health and continuing care systems
[28]. Thisrole can be unsustainable for unpaid family or friend
caregiverswho juggle paid work in addition to maintaining the
care recipient’s needs; it is reported that family or friend
caregivers often have no choice to reduce or leave paid work
to maintain the needs of the person they care for [20]. Unpaid
caregiving can also have negative consequences on rel ationships
between the caregiver and the care recipient, other family
members, and acrosswider social circles[29]. Physical injuries
and burnout are also common outcomes of unpaid caregiving
[12]. These are some of the negative socidl, financial, and health
repercussions associated with the unpaid family or friend
caregiver role [28].

In our study, al groups recognized the impact of the passive
remote monitoring system on improving the family or friend
caregiver's peace of mind. Moreover, many caregivers
recoghized the outcomes of this peace of mind, such as better
sleep and the ability to take vacations. These observations point
to a decrease in caregiver burden, which refers to the
often-negative impacts of caregiving on the caregiver’sphysical
and mental health and overall quality of life [29]. Thus, our
findings suggest that the use of Carelink Advantage can provide
caregiver relief, which may prevent caregiver burnout and
burden and promote less stressful relationships between family
or friend caregivers and the older adults they care for.

These findings align with those of Ledlie et a [30], who
concluded from a series of interviews and surveys with unpaid
family caregivers that technology can improve their capacity
to provide care to older adults and safeguard their own
well-being. Although the evaluation of the impact of passive
remote monitoring systems on caregiver burden specifically is
yet to be produced, related studiestesting assistive technologies
to help clients with daily tasks and remote monitoring of vital
signs[31] have concluded that their use contributesto reducing
caregiver burden.
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Social Workers Role

Gatekeeping

There seemed to beinconsistency and alack of standardization
regarding social workers' decisions to recommend the passive
remote monitoring system for clients. Although al social
workers emphasized the importance of conducting a holistic
and comprehensive needs assessment to inform their care plan,
the criteria used to determine whether the passive remote
monitoring system was agood fit for clients(ie, that the service
does agood job meeting the needs of the client) was subjective
and varied. Most socia workers felt that the passive remote
monitoring system would be a good fit for clients in the early
stages of dementia who required additional supervision to live
safely at home. Othersfelt that it was not appropriate for older
adults prone to wandering or those who did not have a family
or friend caregiver who lived close by. Thisfinding isconsistent
with that of arecent study on home care nursesin Finland [32].
Nurses in this study identified older adults with memory
problems as the target group who could benefit most from
in-home monitoring. Similar to some of the social workersin
our study, these nurses were also worried about wandering
behaviors and feared that their clients would wander outsidein
the middle of the night and get lost, especially because of the
long daylight hours in Finland. The similarity of our findings
suggests that protecting older adults and ensuring their safety
are critical factors influencing care planning decisions when
considering theinclusion of in-home passive remote monitoring
technologies. Our results al so suggest that social workersinthe
province could benefit from having clear criteria from their
needs assessment that would inform their decision of whether
to recommend the passive remote monitoring system to their
clients and ensuring that all social workers receive training or
information about the system as part of their orientation. Finally,
it ispossiblethat firsthand experience (or lack thereof) working
with clientswho had CareLink Advantage may haveinfluenced
social workers' perspectives, resulting in inconsistencies.

Role Ambiguity

Role clarity [33,34] ensures that employees know what is
expected of them [34]. Role ambiguity occurs when employees
do not have a clear understanding of their work roles [35].
Research has shown that professionals uncertainness about
their roles promotes and aggravates role ambiguity, which can
be harmful to everyone [35] and may lead to job burnout and
role overload [36]. Our study indicated that social workerswere
not always sure of their role when it came to informing clients
about CareLink Advantage. Decision-makers shared that
frontline social workers have very demanding caseloads,
resulting in high job demands and a high rate of job turnover.
They aso felt that these circumstances made it difficult to ensure
that all social workers were knowledgeable about all the home
support services available to clients. Thus, it makes sense that
social workerswould default to the servicesthat they were more
familiar and comfortable with when discussing home support
service options with clients.
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Perceived Conflicts of I nterest

Both social workers and decision-makersidentified aperceived
conflict of interest for social workers regarding the promotion
of the passive remote monitoring system as it was a private
business. Interestingly, they did not perceive the same conflict
of interest about traditional in-person home support services
such as having apersonal support worker in the home, although
these services are also provided by private businesses. This
finding points to a broader discussion about the ethics of the
privatization of home support and home care services. As
Bjornsdottir [37] explains, there has been a substantial political
and policy shift over the past few decades, focused on cost
containment (often through strategies such as outsourcing
servicesand rationing care) and increased individual and family
responsibilities for home care. Thus, it is interesting that this
was only identified as an ethica concern for Carelink
Advantage and not for all outsourced services, which also
include other technol ogy-based servicessuch asLifeline. Some
strategies that could help aleviate this perceived conflict of
interest include having standardized criteria and guidelines for
determining which services to recommend to clients based on
their needs assessment and using an interprofessional team (eg,
occupational therapists and registered nurses) to make the
assessment and recommendations for each client.

Privacy

Our research reveal ed diverse perspectives regarding the privacy
of having the passive remote monitoring system in the home.
It was interesting that of all the participant groups, socia
workers seemed to be the most concerned about the potential
for the passive remote monitoring system to invadetheir clients
privacy. Clients themselves did not have the same concerns,
whereas both caregivers and decision-makers remarked that
having numerous personal support workers coming into client
homes on a regular basis was more invasive than the remote
monitoring technology. Another important finding was that
most conversations about privacy were explicitly focused on
having avideo camerain the home, although thisis an optional
component.

Limitations

The findings of this study must be seen considering some
limitations. These include: (1) the sample size of clients
interviewed—that is, only 2 client participants—which was
limited solely to one province, and hence, results may not be
applicable to other jurisdictions;, (2) the interviews were
exclusively conducted in English, which limits the access to
other respondents; (3) limited experience of some socia workers
with the passive remote monitoring system because of low client
uptake; and (4) the use of convenience sampling aso limitsthe
transferability of our findings to other settings, and hence, the
results cannot be treated as representative of the generalized
population. A recent study by Young and Casey [38] has shown
that samples as small as 6 to 9 participants can provide robust
identification of themes and codes in qualitative interview
studies. Although our overall sample size was sufficient and
theinclusion of multiple perspectivesallowed for triangulation,
wewere unabl eto reach the minimum samplesizefor theclient
group. Therefore, further research is needed on this group to
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corroborate our initial findings and explore additional
perspectives that may not have been included in our study.

Degspite theselimitations, we believe that the findings emphasize

Read et d

or avoiding institutionalization is needed. We recommend
examining these relationships using strong longitudinal research
designs, such as randomized controlled trials.

Conclusions

Our findings show that CareLink Advantage passive remote
monitoring is avaluable tool that can provide older adults and
their family or friend caregiversin NB with support wheniit is
agoad fit for client needs. Key benefits included empowering
older adults to stay in their own homes longer and providing
caregivers with peace of mind and relief, which improved their
quality of life. Our findings also highlight the need to increase
public and social workers' awareness of the service and its
benefits. Social workerswould also benefit from improved role
clarity and more explicit eligibility criteria or guidelines for
clients who could benefit from CareLink Advantage.

the need for further research on in-home passive remote
monitoring technology, which is designed to support aging in
place in provinces.

Recommendations

On the basis of the findings generated from this study, we
propose recommendations for practice and research. First, the
adoption of in-home monitoring technologies to support aging
inplacein NB would be better supported by having standardized
education and training for frontline social workers about the
service and by establishing standardized eligibility criteria for
clients. Second, stronger empirical evidence linking in-home
technol ogy interventionsto staying at homelonger and delaying

Acknowledgments

This work was supported by the Canadian Institutes for Health Research and the New Brunswick Health Research Foundation.
This study was conducted as part of alarger study in which CareLink Advantage provided in-kind support. CareLink Advantage
assisted in the recruitment of clients and caregivers for the study; however, no financia support was provided by the company
for this specific aspect of this study. The researchers have no financial interest in CareLink Advantage.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Summary matrix.
[DOCX File, 22 KB - aging_v5i2e31486_appl.docx |

References

1.  World population ageing 2019 highlights. United Nations, Department of Economic and Social Affairs, Population Division.
URL : https.//www.un.org/en/devel opment/desa/popul ati on/publi cati ons/pdf/agei ng/\Worl dPopul ationA geing2019-Highlights.
pdf [accessed 2022-04-26]

2. Population projections; Canada, provincesand territories, 2018 to 2068. Statistics Canada. URL : https.//mww150.statcan.ge.cal
nl/daily-quotidien/190917/dg190917b-eng.htm?CM P=mstatcan [accessed 2022-04-26]

3. Johnson Jr JH, Parnell AM. The challenges and opportunities of the American demographic shift. Generations 2016;40(4):9-15
[EREE Full text]

4. Beard JR, Officer A, de Carvalho |1A, Sadana R, Pot AM, Michel JP, et al. The world report on ageing and health: a policy
framework for healthy ageing. Lancet 2016 May 21;387(10033):2145-2154 [FREE Full text] [doi:
10.1016/S0140-6736(15)00516-4] [Medline: 26520231]

5. 1lin3unpaid caregiversin Canadaare distressed. Canadian Institute for Health Information. URL : https://www.cihi.ca/en/
1-in-3-unpaid-caregivers-in-canada-are-distressed [accessed 2022-04-26]

6.  Stal N. We should care more about caregivers. Can Med Assoc J 2019 Mar 04;191(9):E245-E246 [FREE Full text] [doi:
10.1503/cmaj.190204] [Medline: 30833490]

7. MagnayeA, Fast J, EalesJ, Stolow M, Leslie M. Caregivers failureto thrive: acase for health and continuing care systems
transformation. Healthc Manage Forum 2020 Sep;33(5):214-219 [FREE Full text] [doi: 10.1177/0840470420921907]
[Medline: 32383400]

8. Rantz MJ, Skubic M, Miller SJ, Galambos C, Alexander G, Keller J, et a. Sensor technology to support aging in place. J
Am Med Dir Assoc 2013 Jun;14(6):386-391 [FREE Full text] [doi: 10.1016/j.jamda.2013.02.018] [Medline: 23562281]

9. KimKI, Gollamudi SS, Steinhubl S. Digital technology to enable aging in place. Exp Gerontol 2017 Feb;88:25-31. [doi:
10.1016/j.exger.2016.11.013] [Medline: 28025126]

10. Estabrooks CA, Straus SE, Flood CM, Keefe J, Armstrong P, Donner GJ, et al. Restoring trust: COVID-19 and the future
of long-term care in Canada. FACETS 2020 Jan 01;5(1):651-691 [ FREE Full text] [doi: 10.1139/facets-2020-0056]

11. Alwan M. Passive in-home health and wellness monitoring: overview, value and examples. Annu Int Conf IEEE Eng Med
Biol Soc 2009;2009:4307-4310 [FREE Full text] [doi: 10.1109/|EMBS.2009.5333799] [Medline: 19964350]

https://aging.jmir.org/2022/2/€31486 JMIR Aging 2022 | val. 5 | iss. 2| 31486 | p.133

(page number not for citation purposes)


aging_v5i2e31486_app1.docx
aging_v5i2e31486_app1.docx
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www150.statcan.gc.ca/n1/daily-quotidien/190917/dq190917b-eng.htm?CMP=mstatcan
https://www150.statcan.gc.ca/n1/daily-quotidien/190917/dq190917b-eng.htm?CMP=mstatcan
https://www.proquest.com/scholarly-journals/challenges-opportunities-american-demographic/docview/1866473432/se-2?accountid=14611
http://europepmc.org/abstract/MED/26520231
http://dx.doi.org/10.1016/S0140-6736(15)00516-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26520231&dopt=Abstract
https://www.cihi.ca/en/1-in-3-unpaid-caregivers-in-canada-are-distressed
https://www.cihi.ca/en/1-in-3-unpaid-caregivers-in-canada-are-distressed
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=30833490
http://dx.doi.org/10.1503/cmaj.190204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30833490&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/32383400/
http://dx.doi.org/10.1177/0840470420921907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32383400&dopt=Abstract
http://europepmc.org/abstract/MED/23562281
http://dx.doi.org/10.1016/j.jamda.2013.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23562281&dopt=Abstract
http://dx.doi.org/10.1016/j.exger.2016.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28025126&dopt=Abstract
https://www.facetsjournal.com/doi/full/10.1139/facets-2020-0056
http://dx.doi.org/10.1139/facets-2020-0056
https://pubmed.ncbi.nlm.nih.gov/19964350/
http://dx.doi.org/10.1109/IEMBS.2009.5333799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19964350&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Read et d

12. Dondlel, Regan S, Kerr M, Zwarenstein M, Bauer M, Warner G, et al. Caring hear and far by connecting community-based
clientsand family member/friend caregivers using passive remote monitoring: protocol for a pragmatic randomized controlled
trial. IMIR Res Protoc 2020 Jan 10;9(1):€15027 [FREE Full text] [doi: 10.2196/15027] [Medline: 31922492]

13. Aldossari MQ, Sidorova A. Consumer acceptance of internet of things (1oT): smart home context. J Comp Inf Syst 2018
Nov 13;60(6):507-517. [doi: 10.1080/08874417.2018.1543000]

14. Berridge C. Active subjects of passive monitoring: responses to a passive monitoring system in low-income independent
living. Ageing Soc 2017 Mar;37(3):537-560 [FREE Full text] [doi: 10.1017/S0144686X 15001269] [Medline: 28239211]

15. Long-term care services for seniors. New Brunswick Canada. URL: https://www2.gnb.ca/content/gnb/en/services/
services renderer.10115.Long-Term_Care Services for Seniors.html [accessed 2022-04-26]

16. Home care services. New Brunswick Health Council. URL: https://nbhc.ca/lhome-care-services [accessed 2022-04-26]

17. Wired a home. SAGE. URL: https.//carelinkadvantage.ca/wp-content/upl oads/2019/08/Wired-at-home-English.pdf [accessed
2022-04-26]

18. Home First. New Brunswick: New Nouveau Brunswick; 2015.

19. Beebe J. Chapter one: the basic concepts of rapid qualitative inquiry (RQI). In: Rapid Qualitative Inquiry: A Field Guide
to Team-Based Assessment, Second Edition. Lanham, Maryland, USA: Rowman & Littlefield; 2014.

20. Qualitative methodsin rapid turnaround health servicesresearch. VA HSR& D Cyberseminar Spotlight on Women'sHealth.
URL: https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/780-notes.pdf [accessed 2022-04-26]

21. Anney VN. Ensuring the quality of the findings of qualitative research: looking at trustworthiness criteria. J Emerging
Trends Educ Res Policy Stud 2014;5(2):272-281.

22. Hamilton AB, Finley EP. Qualitative methods in implementation research: an introduction. Psychiatry Res 2019
Oct;280:112516 [FREE Full text] [doi: 10.1016/j.psychres.2019.112516] [Medline: 31437661]

23. Lincoln YS, GubaEG, Pilotta JJ. Naturalistic Inquiry. Thousand Oaks, California, United States: Sage Publications, Inc;
1985.

24. Read EA, Donelle L, Woolsey C, Chinho N. Passive remote monitoring supporting aging in place: a scoping review. Can
JAging 2022;42 (forthcoming).

25. vanHoof J, Kort HS, Rutten PG, Duijnstee M S. Ageing-in-place with the use of ambient intelligence technology: perspectives
of older users. Int JMed Inform 2011 May;80(5):310-331 [ FREE Full text] [doi: 10.1016/j.ijmedinf.2011.02.010] [Medline:
21439898]

26. PaisB, Buluschek P, DuPasquier G, Nef T, Schiitz N, Saner H, et al. Evaluation of 1-year in-home monitoring technology
by home-dwelling older adults, family caregivers, and nurses. Front Public Health 2020 Oct 2;8:518957 [FREE Full text]
[doi: 10.3389/fpubh.2020.518957] [Medline: 33134236]

27. vanBoekel LC, Wouters EJ, Grimberg BM, van der Meer NJ, Luijkx KG. Perspectives of stakeholders on technology use
in the care of community-living older adultswith dementia: asystematic literature review. Healthcare 2019 May 28;7(2):73
[FREE Full text] [doi: 10.3390/healthcare7020073] [Medline: 31141999]

28. MadaraMarasinghe K. Assistive technologies in reducing caregiver burden among informal caregivers of older adults: a
systematic review. Disabil Rehabil Assist Technol 2016;11(5):353-360. [doi: 10.3109/17483107.2015.1087061] [Medline:
26371519]

29. Pysklywec A, Plante M, Auger C, Mortenson WB, Eales J, Routhier F, et a. The positive effects of caring for family carers
of older adults: ascoping review. Int JCare Caring 2020 Aug 01;4(3):349-375. [doi: 10.1332/239788220x15925902138734]

30. LedieM, Gray RP, Khayatzadeh-Mahani A. What is* care quality’ and can it beimproved by information and communication
technology? A typology of family caregivers perspectives. Scand J Caring Sci 2021;35(1):220-232. [doi: 10.1111/scs.12837]

31. AlwanM, Dala S, Mack D, Kell SW, Turner B, Leachtenauer J, et al. Impact of monitoring technology in assisted living:
outcome pilot. |IEEE Trans Inf Technol Biomed 2006 Jan;10(1):192-198. [doi: 10.1109/tith.2005.855552] [Medline:
16445264]

32. KlemetsJ, Maattala J, Hakalal. Integration of an in-home monitoring system into home care nurses workflow: a case
study. Int JMed Inform 2019 Mar;123:29-36. [doi: 10.1016/j.ijmedinf.2018.12.006] [Medline: 30654901]

33. Katz D, Kahn RL. The Social Psychology of Organizations. New York, USA: John Wiley & Sons; 1978.

34. KauppilaOP. So, what am i supposed to do? A multilevel examination of role clarity. JManag Stud 2013 Aug
30;51(5):737-763. [doi: 10.1111/joms.12042]

35. KahnRL, Wolfe DM, Quinn RP, Snoek JD, Rosenthal RA.. Organizational Stress: Studiesin Role Conflict and Ambiguity.
New York, USA: John Wiley & Sons; 1964.

36. Harrad R, SullaF. Factors associated with and impact of burnout in nursing and residential home care workers for the
elderly. ActaBiomed 2018 Dec 07;89(7-S):60-69 [ FREE Full text] [doi: 10.23750/abm.v89i7-S.7830] [Medline: 30539935]

37. Bjornsdottir K. The ethics and politics of home care. Int J Nurs Stud 2009 May;46(5):732-739. [doi:
10.1016/j.ijnurstu.2008.10.014] [Medline: 19111305]

38. Young D, Casey EA. An examination of the sufficiency of small qualitative samples. Soc Work Res 2019;43(1):53-58.
[doi: 10.1093/swr/svy026]

https://aging.jmir.org/2022/2/€31486 JMIR Aging 2022 | val. 5 | iss. 2| €31486 | p.134

(page number not for citation purposes)


https://www.researchprotocols.org/2020/1/e15027/
http://dx.doi.org/10.2196/15027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31922492&dopt=Abstract
http://dx.doi.org/10.1080/08874417.2018.1543000
http://europepmc.org/abstract/MED/28239211
http://dx.doi.org/10.1017/S0144686X15001269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28239211&dopt=Abstract
https://www2.gnb.ca/content/gnb/en/services/services_renderer.10115.Long-Term_Care_Services_for_Seniors.html
https://www2.gnb.ca/content/gnb/en/services/services_renderer.10115.Long-Term_Care_Services_for_Seniors.html
https://nbhc.ca/home-care-services
https://carelinkadvantage.ca/wp-content/uploads/2019/08/Wired-at-home-English.pdf
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/780-notes.pdf
http://europepmc.org/abstract/MED/31437661
http://dx.doi.org/10.1016/j.psychres.2019.112516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31437661&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(11)00056-6
http://dx.doi.org/10.1016/j.ijmedinf.2011.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21439898&dopt=Abstract
https://doi.org/10.3389/fpubh.2020.518957
http://dx.doi.org/10.3389/fpubh.2020.518957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33134236&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare7020073
http://dx.doi.org/10.3390/healthcare7020073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31141999&dopt=Abstract
http://dx.doi.org/10.3109/17483107.2015.1087061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26371519&dopt=Abstract
http://dx.doi.org/10.1332/239788220x15925902138734
http://dx.doi.org/10.1111/scs.12837
http://dx.doi.org/10.1109/titb.2005.855552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16445264&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2018.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30654901&dopt=Abstract
http://dx.doi.org/10.1111/joms.12042
http://europepmc.org/abstract/MED/30539935
http://dx.doi.org/10.23750/abm.v89i7-S.7830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30539935&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2008.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19111305&dopt=Abstract
http://dx.doi.org/10.1093/swr/svy026
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Read et d

Abbreviations
NB: New Brunswick

Edited by J Wang; submitted 25.06.21; peer-reviewed by K Colorafi, MB Coty, MDG Pimentel, M Sein; commentsto author 27.12.21;
revised version received 07.02.22; accepted 14.03.22; published 11.05.22.

Please cite as:

Read EA, Gagnon DA, Donelle L, Ledoux K, Warner G, Hiebert B, Sharma R

Sakeholder Perspectives on In-home Passive Remote Monitoring to Support Aging in Place in the Province of New Brunswick,
Canada: Rapid Qualitative Investigation

JMIR Aging 2022;5(2):e31486

URL: https://aging.jmir.org/2022/2/€31486

doi:10.2196/31486

PMID: 35544304

©Emily A Read, Danie A Gagnon, Lorie Donelle, Kathleen Ledoux, Grace Warner, Brad Hiebert, Ridhi Sharma. Originally
published in IMIR Aging (https://aging.jmir.org), 11.05.2022. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in IMIR Aging, is properly cited. The complete
bibliographic information, a link to the origina publication on https://aging.jmir.org, as well as this copyright and license
information must be included.

https://aging.jmir.org/2022/2/€31486 JMIR Aging 2022 | val. 5 | iss. 2| 31486 | p.135
(page number not for citation purposes)

RenderX


https://aging.jmir.org/2022/2/e31486
http://dx.doi.org/10.2196/31486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35544304&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Capetal

Original Paper

Decision-making Factors Toward the Adoption of Smart Home
Sensors by Older Adults in Singapore: Mixed Methods Study

Yuanyuan Cao", PhD; Mojisola Erdt”, PhD; Caroline Robert!, MSc; Nurhazimah Binte Naharudin®, BSc; Shan Qi
Lee', MA; Yin-Leng Theng', PhD

ICentrefor Healthy and Sustainable Cities, Wee Kim Wee School of Communication and Information, Nanyang Technological University, Singapore,
Singapore

2Institute for Infocomm Research, Agency for Science, Technology and Research (A* STAR), Singapore, Singapore

"these authors contributed equally

Corresponding Author:

Yuanyuan Cao, PhD

Centre for Healthy and Sustainable Cities

Wee Kim Wee School of Communication and Information
Nanyang Technological University

31 Nanyang Link

Singapore, 637718

Singapore

Email: yycao@ntu.edu.sg

Abstract

Background: An increasing aging population has become a pressing problem in many countries. Smart systems and intelligent
technologies support aging in place, thereby alleviating the strain on health care systems.

Objective: This study aims to identify decision-making factors involved in the adoption of smart home sensors (SHS) by older
adultsin Singapore.

Methods: The study involved 3 phases: as an intervention, SHS were installed in older adults' homes (N=42) for 4 to 5 weeks;
in-depth semistructured interviews were conducted with 18 older adults, 2 center managers, 1 family caregiver, and 1 volunteer
to understand the factorsinvolved in the decision-making process toward adoption of SHS; and foll ow-up feedback was collected
from 42 older adult participants to understand the reasons for adopting or not adopting SHS.

Results. Of the 42 participants, 31 (74%) adopted SHS after the intervention, whereas 11 (26%) did not adopt SHS. The reasons
for not adopting SHS ranged from privacy concernsto alack of family support. Some participants did not fully understand SHS
functionality and did not perceive the benefits of using SHS. From the interviews, we found that the decision-making process
toward the adoption of SHS technology involved intrinsic factors, such as understanding the technology and perceiving its
usefulness and benefits, and more extrinsic factors, such as considering affordability and care support from the community.

Conclusions:  We found that training and a strong support ecosystem could empower older adults in their decision to adopt
technology. We advise the consideration of human values and involvement of older adultsin the design processto build user-centric
assistive technol ogy.

(JMIR Aging 2022;5(2):€34239) doi:10.2196/34239

KEYWORDS
aging in place; health care systems and management; tel ehealth; assistive technology; assisted living facilities

continuously enhanced community-based homecare and day

Introduction care services, allowing older adultsto age in place.

In Singapore, an aging population is on arapid increase, and  Background
approximately 25% of Singaporeanswill be aged >65 years by
2030 [1], posing a strain on hospitals and nursing homes. To
ease this growing demand, the Singapore government has

Smart home devices have been shown to reduce anxiety
surrounding an emergency and have helped improve the
confidence of older adultsliving alone[2]. Acknowledging this,
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the Singapore Housing and Devel opment Board (HDB) started
the Smart Enabled Homes initiative by encouraging the
installation of smart home devices and apps in senior-friendly
HDB studios [3]. The Singapore Ministry of Heath also
supports older adults in living independently by facilitating a
widerange of social and community support services, including
senior activity centers (SACs) [1]. SACs are drop-in centers
often located in HDB rental blocks, where residents living in
the same block or surrounding blocks are supported by
affordable or free activities held by SACs. SACs also provide
support services for frail or homebound older adults.

Many countries have demonstrated the demand and trend in
adopting smart home devices for older adults [4-6]; however,
adoption of smart home technologies among older adults
remains low because of many factors [7]. In a recent scoping
review, Astell et al [8] confirmed that assistive technologies
were often viewed as a blatant indicator of aging so that older
adults resisted the use of these technologies. This perspective
strongly impacted the adoption of assistive technologies by
older adults, whereby ol der adults using these technologieswere
tagged as being old, lonely, or frail [9]. This scoping review
also highlighted older adults’ desire to depict their identity as
consistent with independence, self-reliance, and competence.

Studies have found that perceived benefits or usefulness are the
most critical motivational factorsfor accepting technology (eg,
internet) by older adults [10]. The Technology Acceptance
Model (TAM) [11] has been widely recognized and adopted as
a tool to measure the acceptance of technology. The TAM
proposes 2 key variables—perceived usefulness and perceived
ease of use—to determine the use and acceptance of technology.
To extend this to the older population, Chen and Chan [9]
proposed a senior TAM that captures aspects such as computer
self-efficacy and age-related cognitive and physical changes.
To understand older adults’ behaviors in using the internet in
China, Pan and Jordan-Marsh [12] expanded the TAM model
to include 2 additional variables—subjective norm and
facilitating conditions—which highlighted the importance of
policy making in alleviating social and cultural obstaclesfacing
older adults.

https://aging.jmir.org/2022/2/e34239
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Technology acceptance and intention to use and adopt
technology by older adults have been measured in many studies
[12-15]. However, decision-making factors leading to the
adoption of technology by older adults have not yet been
exhaustively researched by any studies, not only by Astell et al
[8]. Davenport et al [16] proposed a decision tree model
comprising potential barriers to and facilitators of smart
technology that requires decision processes by older adults.
However, neither a perceived need for, acceptance of, nor
intention to use technology by older adults necessarily leadsto
a decision to adopt technology or an actual adoption of
technology. Thus, a gap remains in thoroughly understanding
the decision-making process of older adults beyond their
perceived acceptance of technology up to the point of their use
and adoption of technology.

Objectives

This study aimed to bridge this gap by exploring the in-depth
decision-making factors leading to the adoption of technology
by older adults. In particular, we introduced and installed smart
home sensors (SHS) for older adults in Singapore and
investigated their decision-making process until full adoption
(postintervention installation and use) of SHSin their homes.

Methods

Ethics Approval

This study was approved by the institutional review board of
Nanyang Technological University (NTU; IRB-2017-12-003,
IRB-2018-01-002, and IRB-2019-04-030), Singapore. We
collaborated with acommercia service provider partnered with
HDB to provide SHS for this study. We recruited older adults
from an SAC in Singapore, Adventist Home for the Elders
(AHE).

Study Design
To gain adeeper understanding of the decision-making process

of older adultstoward the adoption of SHS, this study comprised
3 phases (Figure 1).
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Figure 1. Overview of the study design and study participants. The study comprised 3 phases. Phase A is the intervention phase consisting of the
feasibility study and the efficacy study (A). Participants involved in both studies are shown with overlapping participants depicted. Phase B is the
interview phase, and the participants involved from the preceding phase A are depicted (B). Phase C is the follow-up feedback, and participants come

from the feasibility study and from the efficacy study in phase A (C).

A. Intervention
Feasibility study Efficacy study Center Family Volunteer
(cohort A) (cohort B} manager caregiver
2 participants
10 older adult completed interventions in 40 older adult 2 participants 1 participant 1 participant
participants g participants
cohort A and cohort B
13 out of 40 B. Interviews
were
interviewed
\ 4 A
18 (5+13) 2 center 1 family 1 volunteer
Souror 1o out of 42 managers caregiver caregiver
were -
interviewed - older adults
9 out of 10 gave 35 out of 40
follow-up gave follow-up
feedback feedback

C. Follow-up

42 old dult
feedback oder acul

respondents
gave follow-up
feedback

(including 2 respondeants
overlapped in bath cohorts)

Y
A

l l

31 respondents adopted
the technology after
intervention phase

the technology after
intervention phase

11 respondents did not adopt

| ntervention

The intervention comprised 2 parts. afeasibility study (cohort
A) conducted between April and May 2018 and an efficacy
study (cohort B) conducted between October 2018 and March
2019. The feasibility study aimed to assess the study design,
tools, and technology systemswith asmall group of participants
in preparation for the subsequent larger efficacy study. As an
intervention, SHSwereinstalled inthe HDB flats of older adults
for 4 to 5 weeks. The SHS technology comprised a bedroom
assistant, 3 motion sensors, a smart plug, a door contact, a key
tag, and a mobile app. Motion sensor, strategically placed in
selected rooms (kitchen, bathroom, and living room), are
considered to have higher chances of detecting emergency or
fall cases. These sensors detect movement activities without
capturing images. The smart plug shows appliance use (eg,
which appliances are currently in use based on the amount of
electricity consumed). Door contact can sense the opening and
closing of the main entrance door. The key tag monitors the
in-home and out-of-home statuses. The bedroom assistant

https://aging.jmir.org/2022/2/e34239

RenderX

comprises motion and sound sensors that detect irregular noise
or inactivity inthe bedroom. The sensorswere linked to amobile
app to provide notifications to designated caregivers or next of
kin in case of an emergency. The mobile app can also be used
to monitor care recipients daily activities, receive intelligent
notifications if something unusual occurs, and make calls for
24]7 personal assistance. On pressing an emergency button in
the bedroom, an alarmis sent viathe mobile app and asan SMS
text message. After theintervention period, the AHE offered to
waive subscription fees for SHS for a period of 2 years for all
older adult residents of their HDB blocks, including the
participants of this study.

I nterviews

With maximum variation sampling [17], interviews were
conducted with multiple stakeholders (n=22, including 18 ol der
adults [users of SHS], 2 SAC center managers, 1 family
caregiver [predefined SHS contact person], and 1 older adult
volunteer). In addition to family caregivers, center managers
and an older adult volunteer played the role of caregiversinthe
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study. This extended caregiver role was designed based on a
typical SAC setting in Singapore, where older adults living in
the same HDB building are good neighbors who take care of
each other. In addition, center managers are well trusted and
provide support to the older adults daily.

Follow-up Feedback

Feedback from older adults (N=42) was collected after the
intervention to understand the reasons for the adoption of or
not adopting SHS (ie, subscribing or not subscribing to SHS
after the intervention). Questions also included their decision
to continue subscription beyond 2 years and the subscription
fees they would be able to afford.

Sampling and Recruitment

With the assistance of center managers at the AHE, we did
purposeful sampling to recruit older adults for the study. In
particular, inclusion criteriafor the recruitment of older adults
for theintervention were that they (1) were aged =55 years; (2)
had voluntarily consented to take part in the study; (3) were
able to communicate and express themselves clearly; and (4)
were living alone or had the necessity of using SHS;
furthermore, for interviews and follow-up feedback, that they
(5) had taken part in the SHS intervention for at least 4 weeks.

Wefound that 10 older adults from cohort A and 40 from cohort
B were €eligible for recruitment for interviews and follow-up
feedback (with 2 belonging to both cohorts). In total, 42 older
adults consented to participate in the follow-up feedback.
Overall, 2 participants did not provide consent, 3 were
hospitalized, and 1 no longer resided in the AHE (Figure 1).
Using purposeful sampling, we selected 43% (18/42) of
participants for in-depth interviews (5 from cohort A and 13
from cohort B). We strived to represent different ethnicitiesin
the community to reflect the Singapore context using maximum
variation sampling [17]. We conducted interviews in Chinese
(n=9), Maay (n=3), and English (n=6). In addition to conducting
interviews with 18 older adults, 2 center managers, 1 family
caregiver, and 1 volunteer were interviewed in English, with
theaim of gaining aholistic perspectivein the decision-making
process. To understand the reasons for adoption or not adopting
SHS after the intervention, follow-up feedback was collected
from older adult participantswho had completed at least 4 weeks
of intervention.

Data Collection and Analysis

Semistructured interviews were administered to participants
directly after the intervention in May 2018 for cohort A and in
April 2019 for cohort B. Interviews were based on a
retrospective perspective on the timing of the intervention
proposed by Sekhon et a [18]. Beforetheinterviews, interview
guidelines were developed for different study participant types
(ie, older adults, family caregivers, and volunteers) based on 7
constructs of the theoretical framework of acceptability,
including affective attitude, burden, intervention, coherence,
ethicality, opportunity costs, perceived effectiveness, and
self-efficacy [18]. Interview questions (Multimedia Appendix
1) were designed to elicit perceptions of general feelings,
usefulness, satisfaction, effectiveness, convenience, intentions
of subscription, and other concerns of older adults toward the
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service. Service mentioned in interviews referred to SHS. For
example, 1 open-ended question was, “How did this service
benefit you? Would you please share some detail s with us?’

Trained and experienced interviewers conducted semistructured
interviews with participants at their preferred locations, mostly
at their homes, to make them feel comfortable with the
interview. On the basis of their experience, the interviewers
would rephrase questions when they felt that the participants
did not understand them initially. They would a so probe deeper
when they felt that participants had more to share about their
experiences. We anonymized the identities of all participants,
giving each acode from EOO1 to E042. Theinterview guidelines
were transcribed into Chinese and Malay by 3 interviewers
before the interviews. All interviews were transcribed and
translated (9 from Chinese to English and 3 from Malay to
English) and classified based on the type of study participant.
A data-driven inductive approach was chosen to conduct a
thematic analysis of the 22 transcripts [19,20]. At the start of
coding, 3 researchers (YC, SQL, and NBN) individually
conducted preliminary scanning of all transcripts and separately
came up with afirst draft of the coding scheme. Each transcript
was carefully read and relevant words, sentences, and sections
were identified as meaningful units of text and labeled with
codes using the open code approach. Through an iterative
process of comparing coded transcripts, we discussed our
thoughts on code and subcode designations. We agreed to delete
redundant themes, combined themes with similar meanings,
and added new themes that might have been missed in others
coding schemes. Thereafter, acommon coding schemeisrefined
based on the definition of each code. We then separately coded
transcript 1 using arefined coding schemeto strike the required
credibility and reliability [21,22]. Next, we reviewed coding
accuracy and consistency and discussed discrepancies.
Following this, we achieved a final consensus on the coding
scheme and felt intercoder reliability was reached. The
remaining transcripts, 2-22, were equally shared and coded
following the agreed coding scheme. Thereafter, codes were
categorized to form themes and subthemes after discussions
among the 3 coders (Multimedia Appendix 2).

Aswe wanted to collect feedback postintervention from all 42
participants regarding adopting or not adopting SHS, we decided
to create asimple salf-report questionnaire using a5-point Likert
scale. On the basis of preliminary data analysis of transcripts,
we developed questions regarding reasons for adopting or not
adopting SHS, depending on whether participants continued
with SHS subscription. Open-ended questions were included
to gather further details (Multimedia Appendix 3). Follow-up
feedback was collected from all the 42 participantsin May 2019.

Results

Overview

The demographics of the 42 study participants are presented in
Table 1. Most participants were female (28/42, 67%) and of
Chinese ethnicity (35/42, 83%), and 60% (25/42) had aprimary
education level or no formal education. Overall, 52% (22/42)
of the participants had family support, although the majority
lived alone (33/42, 79%). A total of 60% (25/42) of participants
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had above-average to excellent health status. The detailed

Table 1. Demographics of older adult participants (N=42).

Caoetd

demographic information is presented in Table 1.

Measurements Value
Age (years), mean (SD) 71.07 (6.46)
Gender, n (%)
Male 14 (33)
Female 28 (67)
Ethnicity, n (%)
Chinese 35(83)
Malay 6 (14)
Indian 1(2
Education level, n (%)
No formal education 6 (14)
Primary 19 (45)
Secondary 14 (33)
Preuniversity 2(5
University 1(2
Living arrangement, n (%)
Alone 33 (79)
With family 8(19)
Family support, n (%)
Without support 20 (48)
With support 22 (52)
From children 15 (68)
From spouse 4(18)
From siblings 2(9)
From other relatives (eg, niece) 1(5)
Health status, n (%)
Very poor 2(5)
Below average 5(12)
Average 10 (24)
Above average 19 (45)
Excellent 6 (14)

Figure 1 shows an overview of the study design and study
participants. From the foll ow-up feedback, we found that 74%
(31/42) of participants adopted SHS after the intervention,
whereas 26% (11/42) of participantsdid not. Among those who
subscribed to SHS after the intervention, from responses to
open-ended questions, approximately 29% (9/31) were not sure
about the duration of subscription they would continue with.
For those who did not subscribe to SHS after the intervention,
most (9/11, 82%) were not sure about the reasons, and only a
few explicitly expressed reasons not interested or afraid of being
monitored. Multimedia Appendix 3 providesdetailson the price,
reasons, and duration of SHS subscription.

https://aging.jmir.org/2022/2/e34239

Theinterview participants comprised 18 older adults of different
ethnicities (15 Chinese and 3 Malay). Overal, of the 18
participants, 13 (72%) were female and 5 (28%) were male; 2
(11%) center managers, 1 (6%) family caregiver, and 1 (6%)
older adult volunteer were female of Chinese ethnicity.

A total of 4 themes emerged from theinterview results. Further
analysis of thethemes|ed to the decision-making factors shown
in Figure 2. We elaborate on each theme and the resulting
decision-making factors in the following sections.
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Figure 2. Decision-making factors toward smart home sensor adoption by older adults.
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Theme 1: Under standing SHS Functionality

Understanding technology is an important prerequisite for its
adoption. However, this is a challenge, particularly for older
adults. Misunderstanding functionality can cause many concerns,
especially in theinitial stages when users get to know and use
the technology for the first time. From interviews, we see that,
initially, participants resisted using SHS as they did not
understand the technology. In general, older participants took
approximately 2 weeksto familiarize themselveswith SHS and
gradually felt comfortable with it. This demonstrated that
understanding technology requires time. However, without a
clear explanation of the technology, misunderstandings could
still arise, even when given sufficient time.

Misunderstanding SHS has resulted in concerns about the
intrusion of privacy. In our study, although it was explained
that neither video cameras nor images were captured, older
adults still felt stressed about having SHS installed in their
homes. Ol der adults understood that motion sensors could detect
their movements; however, they were unsure if they captured
their images as well. In the first week, some participants
expressed that they felt:

It iswatching and capturing my every action. [E014,
female, aged 67 years]

| thought it captured my action and speech. [E023,
female, aged 73 years]

https://aging.jmir.org/2022/2/e34239

Another concern stemmed from the misunderstanding of the
emergency alert functionality. Some older adults showed
pessimism about receiving a response during an emergency.
They found that if they and their next of kin did not understand
the SHS emergency alert functionality, they could rely on
receiving help in case of an emergency. Some asked:

How | can be responded [to] if anything happensto
me. [E024, female, aged 64 years]

On the one hand, this misunderstanding of the SHS functionality
led some participants to avoid passing by or touching the
sensors, asthey were concerned that thiswould mistakenly alert
their next of kin. On the other hand, 1 participant felt a false
sense of security as she thought she could trigger an aert at any
time by touching the sensors everywhere in her house, so she
expressed:

It is really very convenient for me in a way. [E0OS,
female, aged 70 years]

Owing to uncertainty and confusion regarding SHS, 1 older
adult pressed the emergency button to test whether it wasreally
working. Hewas excited when hereceived acall from hisfamily
member, who was designated a contact person.

This shows that an explicit explanation is needed on how SHS
detects movement and how the contact person is notified. This
was also demonstrated when a few older adults who initialy
did not understand the SHS and fdlt it was intrusive changed
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their minds after the SHS service provider showed them how
data were captured on the laptop. The participants then started
to understand the functionality better. One older adult said that
he felt safer after seeing the dashboard on a laptop:

Becauseit’sall by written or like captured like... they
view they show me all the graph lah. [E028, male,
aged 75 years)
Appreciation for SHS rose when older adults understood the
functionality. They expressed:

Some people don’'t understand. They thought it was
aninfringement of their privacy, but actuallyitisnot.
| told themit is not, so | feel that this sensor is very
good. [E008, female, aged 70 years]

Some participants showed agreat interest in learning innovative
things and expressed the need for more knowledge about SHS.
They were not fully satisfied with brief explanations, such as
sensorsarefor your safety. They were eager to learn about SHS
in greater detail. They shared:

Like [explaining to us], what is the purpose of
installing one in the bedroom, why one in the kitchen
and onein the washroom etc. Ah... like they can have
a presentation at the center downstairs, project the

Caoetd

sensor onto the screen and tell us “ ah the reason to
have one sensor installed in the kitchen is so that it
can detect leaked gas’ or something along thoselines.
[EO36, male, aged 66 years]

From the follow-up feedback, 36% (4/11) of those who did not
adopt the SHS after the intervention did not understand how
the system worked, which was not the reason why they decided
not to subscribe. This means that there must be other factors
that influenced their decision to not adopt SHS. An adequate
understanding may not lead to the adoption of technology
directly; nevertheless, it may lead to other factors in
decision-making, such as the perceived benefits or usefulness
of the technology.

Theme 2: Perceived Benefits and Usefulness of SHS

Overview

The perceived benefits and usefulness of SHS include
psychological benefits and advantages of using SHS over other
monitoring systems that older adults had experienced in the
past. Figure 3 shows the reasons why the participants decided
not to adopt the SHS. The most salient reason was not seeing
a benefit in having SHS installed in their homes (Question 2:
9/11, 82% indicated true or very true).

Figure 3. Reasons for not subscribing to SHS after the intervention (n=11). SHS: smart home sensors.

The reason | decided not to subscribe to smart home sensors is because:

100%
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Percentage of older adult participants (n

installed
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Subtheme 2.1: Psychological Benefits

Assurance and asense of security werethe 2 main psychological
benefits perceived from using SHS. Rather than mentioning
specific tangible benefits, older adults said that the SHS made
them feel at ease. Their feelings of security were mainly based
on their trust in technology, that it will help them in case of an
emergency. Some summarized psychological benefitsaseasier
and convenient for them to remain safe. For example, with the
emergency button, older adults said that they felt they would
receive a response in case of an emergency and would be
attended to immediately. One older adult said:

https://aging.jmir.org/2022/2/e34239
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From the follow-up feedback, of the 42 participants, we found
31 (87%) older adults subscribed to SHS after the intervention
(see Figure 4 for the reasons). The most salient reason was
because someone would be contacted for help in case of an
emergency (Question 4: 29/31, 94% indicated true or very true).
In turn, family members would be notified when there is an
emergency (Question 5: 28/31, 90% indicated true or very true),
and as such, these reasons provided participants with a sense
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of reassurance that they would get help in a timely manner
(Question 3: 27/31, 87% indicated true or very true), especially

Caoetd

so if they live alone (Question 2: 26/31, 84% indicated true or
very true).

Figure 4. Reasonsfor subscribing to SHS after the intervention (n=31). SHS: smart home sensors.
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Some older adults’ perceived usefulness of SHSliesin receiving
a quick response in case of emergency. For example, 1 older
adult pressed the emergency button as a test. He felt that the
system was very useful when his nephew called to check on
him.

One older adult shared that she felt that SHS was helpful as her
goddaughter had told her that she could see her movementsvia
the mobile app. Another older adult, whose spouse used SHS,
shared that it was useful because she could monitor her spouse’s
movements. These comments demonstrate that positive feedback
from caregivers regarding the usefulness of SHS can provide
confidence to older adults. One older adult shared that his
nephew:

Can seewhere |l am, my activity in a particular hour,
whether it is in the living room or bedroom or
anywhere in the house... It's useful. If | am not at
home, he will know too. [EQ31, male, aged 73 years]

Older adults were also motivated by neighbors' experiences of
using SHS:

| know because my neighbor the other time like in
early 2018 [possibly Feasibility study], | think she
already get | think like oh okay thisis good actually
[..] She already have it so | know what is actually
happening [Laughter] [...] I'maware of it long time
ago. [E028, male, aged 85 years]

On the one hand, older adults find SHS nonintrusive, asiit is
integrated into their daily lives and is only noticed in an
emergency. On the other hand, this can lead to a feeling of
indifference toward SHS or that it is useless, which could
downplay itsreal value. Some shared that it did not bring much
difference to their lives:
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Question 3:
It provides me with
reassurance that | will for immediate help in
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to smart home sensors is because:

Question 4: Question 5:
| can contact someone My family members
will be contacted
times of emergency immediately in times of
emergency
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My friends and
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Nothing to disturb me, to attract our attention or
whatever. [E024, female, aged 64 years]

Subtheme 2.2: Preference of SHS Over Existing
Monitoring Systems

Older adults expressed their preferencefor SHS compared with
pull dlarms already installed in their apartments. Thereasoniis,
in an emergency, older adults need to pull their cordsto alarm
their neighbors. Compared with this, older adults preferred SHS
as being more convenient to use, as they preferred having to
press a button rather than pulling a cord.

In addition, older adults found SHS less intrusive compared
with video surveillance systems. A family caregiver shared:

It's better than those pinhole surveillance cameras,
as it does not...it protects our privacy. [FC001,
female, aged 45 years]

However, the older adult volunteer shared an opposite viewpoint
that the pull alarm worked better, as it could notify neighbors.
In addition, hearing the alarm ring made her fedl it is useful.
She also specified its usefulness for different age groups. For
older adults aged 60 to 70 years, she found the pull alarm to be
more convenient. However, for those aged >70 years, she
thought it was good for them to have SHS, as they might not
be mobile enough to pull the cord.

One older adult had a previous bad experience with the pull
aarm system. She accidentally pulled the cord and sounded the
aarm, but no one had attended her for half an hour. This made
her feel that even if she had installed SHS, it would not make
much of a difference and no one would hear or attend her in
case of an emergency. Although SHS is a completely different
technology, the older adult still projected her bad experiences
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and distrust of the emergency systemsontoit. Thus, sherefused
to continue using SHS.

The older adults also provided constructive suggestions to the
researchers. They spoke about concerns regarding sensor
locations where they felt uncomfortable, such as in the
bathroom. In terms of more locations for emergency buttons,
one older adult commented:

Because the pull alarm is installed in three rooms,
you can pull it if you are near to any of them, for this
emergency button [of SHY], you can only press the
emergency button only when you are closetoit. If the
distance is too far, then you can't reach it, most of
the elderly feel dizzy, symptoms of stroke or heart
attack, you can’t even walk. [E021, male, aged 85
years]
Older adults who chose to adopt SHS prioritized its usefulness
and necessity over its costs. An older adult shared:

If your product isgood, even if it costs money, people

will till install it, right? And if it's bad, no one will

install even if it's free, right? [E030, male, aged 70

years]
Therefore, affordability is not only linked to cost but also to
perceived benefits, such as an increased sense of security,
assurance, and safety. We found that understanding technol ogy
and perceived benefits and usefulness seem to be among the
first factors older adults consider when deciding to adopt SHS
technology, and these are intrinsic motivational factors.

Theme 3: Concernson Affordability

Most Singaporean older adultsretire at 60 years of ageand rely
mainly on the Central Provident Fund for retirement, housing,
and health care. We find that affordability concerns can be
categorized into 2 categories: concerns about the consumption
of electricity and subscription fees.

Subtheme 3.1: Consumption of Electricity

Concerns regarding the adoption of SHSinclude an increasein
electricity consumption due to multiple sensors and el ectricity
plugs. Eleven participants did not subscribe to SHS after the
intervention, and one of the reasons was the perception that
installing the system would increase their electricity expenses.
Overall, 45% (5/11) of the participantsindicated that an increase
in electricity bills discouraged them from subscribing, 18%
(2/11) were undecided, and 36% (4/11) indicated that anincrease
in electricity billswas not the reason why they did not subscribe.
Participants presumed that the SHS would increase their
consumption of electricity by 30%. In reality, the consumption
of electricity has been measured by the SHS service provider
to be much lower. However, for some older adults, extra
electricity charges made them think twice about adopting SHS.

Subtheme 3.2: Concerns on Subscription Fees

The SHS monthly fee in Singapore dollars (SG) would be
approximately SG $25 (US $18.2) based on its market price.
This might not be much for a working person; however, there
arealarge number of retired older adultsin Singapore. However,
if older adults felt that SHS was beneficia and useful, they
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would be willing to save money to pay for it. An older adult
shared:

It's currently 25 [Singapore] dollars (US $18.2) a
month, actually it's ok, just consider it a dollar a day
only mah, just eat a dollar lessworth of food everyday
lor [laughg]. It'sthe same, isn’t it? Drink less coffee,
spend less of everything. Sill ok la. Because it is
beneficial to us, especially us the elderly who live
alone. It is considered a form of guarantee, a form of
security for us, so it's not bad lah. [EO08, female,
aged 70 years]
Some older adults considered thisamount reasonable; however,
they were not sure whether others would find it affordable.
Some felt that they could afford it if they could save some
money elsewhere. One shared:

That isvery reasonablefor... the children giveusand

we can keep aside the money. [E040, female, aged 78

years]
Some older adults (especially those who were healthier) did not
think that the subscription fee was too large to pay. In the
follow-up feedback, we asked participants who continued with
the SHS subscription (n=31) to provide their estimate of an
appropriate monthly subscription fee (in SG). Overall, 35%
(12/31) of respondents indicated either between SG $10 (US
$7.3) and SG $15 (US $11), 35% (11/31) of respondents
indicated between SG $20 (US $14.5) and SG $25 (US $18.2),
19% (6/31) were undecided, and 10% (3/31) preferred to pay
<SG $10 (US $7.3) or no fee at al (Multimedia Appendix 3).

As SHS were installed for a month, they became part of the
older adults' lives. Hence, some wanted to keep the SHS for
themselves or for their spouses. They felt a need to continue
with SHS either because of living aone (33/42, 79% lived aone)
or medical issues (17/42, 40% had an average or less than
average health status).

As most older adults aged =65 years are retired and have no
income in Singapore, they rely heavily on their children for
financial support, especially if they do not have sufficient
savings. Thus, the relationship between older adults and their
family caregivers (15/22, 68% of those with family support had
adult children as caregivers) could adversely affect the
affordability and subsequent adoption of SHS. If parents and
children arein agood relationship, they can support their parents
in paying for SHS. However, some older adults had issues with
their children. One older adult complained:

My children should be the one paying, but they don’t
want to help me. | told them— have 4 daughters—it
only requires each of you to fork out a few dollars
every month. It's just the cost of a bowl of noodles,
am| right?... But if I’ll have to pay, there's nothing
| can do. | am not working, | have no money. [E014,
female, aged 70 years]

In addition, if older adults receive government subsidies, they
might feel that they can afford SHS. However, financia support
is only one form of support. Other forms of support from
multiple stakeholders in the community are also required for
technology adoption.
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Theme 4: Care Support From the Community

In this study, the importance of community support was
highlighted. We noticed that older adults who could not rely on
their family turned to the community for support. Some shared
that they did not think it was necessary to install SHS, as they
had no next of kin who would come to help:

| have nobody to rely on. | have a lot [of] nephews a
lot of nieces but they have their own family to run.
[E024, female, aged 64 years)

Some believed that neighbors were more reliable than next of
kin, who stayed far away. They expressed that in the case of an
emergency, if they had to wait for help from their next of kin,
they might die due to a delayed response. Thus, they would
rather trust their neighbors.

One older adult shared that neighbors are often the best
assistance in an emergency. Neighbors were suggested to be
volunteer caregivers who could take care of each other:

The best [ emergency response] is the nearby people
come. [...] You get me? They nearest. Whoever. That's
why | tell [center manager], why don’t we have a
committee that a group of people who want, volunteer,
whoever want. [ help to keep a lookout for each other
during emergency] This comes from the heart. [...]
[E024, female, aged 64 years)

Thisclose relationship among neighborsis not uncommon when
all residentsare aged =55 years, staying in the same HDB block.
Some older adults felt very reassured with their neighbors who
alwayslook for him or her. Older adults believed that help from
neighbors was necessary, especially during the weekends and
nighttime. They found they must maintain the Kampung spirit
(Kampung—vVillage spirit refers to a sense of community and
solidarity [23]). One older adult shared:

My neighbor will comelook for melah. They will say
“how come | didn’t see you? [...] actually my floor
the neighbor they are quite nice, When we don't ...
we don’t see...because ah | always sit outside the
flat” [EO18, female, aged 61 years]

During the intervention, we observed that some older adults
preferred to have a volunteer, such as the center manager or a
neighbor, as their emergency contact. We found 1 older adult
who was willing to volunteer as a caregiver for several older
adult participants during the intervention. This older adult
volunteer felt that she takes care of her neighbors anyway every
day and would want to help them in case of an emergency. She
shared her thoughts that although family members can be
predefined as contact personsin case of an emergency, she did
not think they could come immediately if they stayed far from
their parents. She shared:

Neighbors are more important, you know? My door
isalways open when I'min, when close means nobody
in. So, the neighbor always you know, they they... ah.
They will know of my existence. [E018, female, aged
61 years]
Support from center managersisalso important for encouraging
older adults to adopt SHS. We found that when SHS were
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recommended by the center manager, older adults were more
likely to accept them, especially if they had a good relationship
with the center manager.

In addition, some older adults found the SHS service provider
to be very friendly and helpful and felt reassured that the SHS
could be well maintained by the service provider. Some shared
that the service provider had said:

This one [increase of electricity price] compared to
your life—your life it's more important. [E024,
female, aged 64 years]|

The older adults shared the same viewpoint and thus felt
encouraged by the SHS service provider to continue using the
SHS.

On the basis of these findings, we developed an older
adult—centric decision-making model involving 5 layered factors
(Figure 2), ranging from intrinsic motivated factors such as
understanding the technology and perceiving its benefits and
usefulness to more extrinsic motivated factors such as
affordability and support from multiple stakeholders in the
community, which could encourage older adults toward a
decision to adopt SHS technology.

Discussion

Principal Findings

Our findings show that multiple factors are involved in the
decision-making process toward the adoption of SHS by older
adults, and we acknowledge that not all factors could be
exhaustively captured in a single study. However, we find that
the insights gained from this study and the proposed layered
factors involved in the decision-making process could be used
to guide more informed awareness when considering the
adoption of technology by older adults.

Although adult children and family members feel empowered
by SHS to monitor their parents and be aerted when an
emergency occurs, older adults are often left misinformed about
the technology. Adult children often feel confident in their
ability to persuade their parents to adopt the given technology
[24]. However, we