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Abstract

Background: Frailty syndrome disproportionately affects older people, including 15% of non-nursing home
population, and is known to be a strong predictor of poor health outcomes. There is a growing interest in
incorporating frailty assessment into research and clinical practice, which may provide an opportunity to improve in
home frailty assessment and improve doctor patient communication.

Methods: We conducted focus groups discussions to solicit input from older adult care recipients (non-frail, pre-
frail, and frail), their informal caregivers, and medical providers about their preferences to tailor a mobile app to
measure frailty in the home using sensor based technologies. Focus groups were recorded, transcribed, and
analyzed thematically.

Results: We identified three major themes: 1) perspectives of frailty; 2) perceptions of home based sensors; and 3)
data management concerns. These relate to the participants’ insight, attitudes and concerns about having sensor-
based technology to measure frailty in the home. Our qualitative findings indicate that knowing frailty status is
important and useful and would allow older adults to remain independent longer. Participants also noted concerns
with data management and the hope that this technology would not replace in-person visits with their healthcare
provider.

Conclusions: This study found that study participants of each frailty status expressed high interest and acceptance
of sensor-based technologies. Based on the qualitative findings of this study, sensor-based technologies show
promise for frailty assessment of older adults with care needs. The main concerns identified related to the volume
of data collected and strategies for responsible and secure transfer, reporting, and distillation of data into useful
and timely care information. Sensor-based technologies should be piloted for feasibility and utility. This will inform
the larger goal of helping older adults to maintain independence while tracking potential health declines, especially
among the most vulnerable, for early detection and intervention. Keywords: Frailty, wearable, health services.
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Background
The aging of the world’s population is expected to in-
crease dramatically in coming decades. Between 2015
and 2050, the global percentage of adults ages 65 years
will nearly double from 8.5 to 16.7% [1]. Given this
demographic shift, a major challenge of healthcare
worldwide is providing medical care for vulnerable older
adults with complex health problems. A common condi-
tion among geriatric patients is the frailty syndrome,
which affects 15% of non-nursing home residents aged
65 and older in the US [2] and up to 27.3% globally [3].
Physical frailty manifests as a state of vulnerability to ad-
verse health outcomes, associated with disability,
hospitalization, institutionalization, and mortality, and is
hypothesized to result from dysregulation across mul-
tiple physiological systems [4]. A consensus statement
by an international group of researchers proposed that
adults 70 years or older should be screened for physical
frailty, and that the frailty diagnosis can guide clinical
care planning [5].
Recommendations for strategies to prevent and man-

age frailty, and the concurrent push to have older adults
“age in place” [6], have increased the need to find effect-
ive and user-friendly approaches for early identification
of frailty and for effective communication about frailty
prevention and treatment [7]. Interest in incorporating
frailty assessment in research and clinical practice has
accelerated, along with frequent calls to simplify assess-
ments (e.g., substituting walking speed assessments with
self-reported walking difficulty) so as to streamline pa-
tient evaluations in clinical practice. However, there are
limits to what assessments can be feasibly and consist-
ently done in the clinical setting given time and resource
constraints, compounded by a shortage in the geriatri-
cian workforce [8]. However, studies from us and others
reported notable discrepancies in frailty classification
when simplified measures of frailty were used to pro-
mote speed and ease of patient evaluation in clinical
practice [9, 10]. The resulting misclassification may both
hamper the discovery of frailty biology and risk harming
patients due to misdiagnosis and mistreatment.
The development of new sensor-based mobile tech-

nologies provides an opportunity to bridge the gap be-
tween the desire to have vulnerable older people age in
place, and still meet their medical needs. Technology,
chiefly sensor technology in combination with mobile
applications, may be particularly well suited to facilitate
and simplify in-home assessment of frailty and its pro-
gression in frail older adults, without sacrificing diagnos-
tic accuracy. This can be accompanied by enabling real-
time data feeds from the patient to improve patient-
caregiver-doctor communication.
There is limited knowledge on patients’, their care-

givers’, and medical providers’ perspectives on the use of

sensor technology for in-home frailty assessment; and
how its results should be communicated and used to aid
clinical decision-making has not been investigated. This
qualitative focus group study explores the perspectives
and preferences of older adult care recipients across the
frailty spectrum, their informal caregivers, and geriatric
medicine medical providers, regarding the use of wear-
able and/or installed sensors to assess frailty at home.
The ability to harness technology to better identify at-
risk individuals, and provide opportunities to intervene
during the early manifestations of frailty, is particularly
important when reversal may be possible. The ultimate
goal is to facilitate more efficient approaches to the care
of older adults toward a proactive and preventive model.

Methods
Participant recruitment
Care recipients: Older adults were recruited from a
registry of adults ages 65 and older, who had previously
given permission to be contacted for studies for which
they may be eligible (Johns Hopkins Medicine IRB# NA
00013162) and whose frailty status had been assessed
within the last 3 years. The registry consist of volunteers
recruited from two outpatient clinics, as well as volun-
teers from the Baltimore metropolitan area who an-
swered newspaper advertisements. Potential participants
were contacted by phone to assess the following eligibil-
ity criteria: aged 65 years or older; English-speaking; able
to provide informed consent to the study; and receiving
help, at least once a week, with chores such as shopping,
paying bills, managing medication, preparing a meal,
walking, dressing, bathing from an informal and unpaid
caregiver. The last one was added for the purpose of
recruiting caregivers.
Caregivers: once care recipients met the eligibility cri-

teria they were then asked to share the study informa-
tion with their informal caregiver. Caregivers who
agreed to be contacted by a study team member, pro-
vided unpaid assistance regularly with activities of daily
living (ADLs) or instrumental activities of daily living
(IADLs) were eligible to participate. Subsequently, care
recipients and caregivers were invited to participate in
the focus groups (see Fig. 1).
Medical providers were recruited from two sources:

providers (physicians, nurses, physical therapists, occu-
pational therapists) from the Hopkins Elder Plus (HEP)
Day Healthcare Center based at Johns Hopkins, and
medical providers from the Division of Geriatric and
Gerontology at Johns Hopkins. HEP is a Program of All-
inclusive Care for the Elderly (PACE), within a network
of over 130 PACE programs in the US [11]. A primary
objective of PACE is to keep nursing home-eligible older
adults living in the community. Medical providers from
the Division of Geriatric and Gerontology at Johns
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Hopkins included geriatricians, nurses, physical thera-
pists, occupational therapist, medical assistant, and pro-
gram administrator. Any provider from these programs
who agreed to participate in the study were accepted as
participants.

Frailty assessment
A physical frailty phenotype assessment was performed
to verify the frailty status of the care recipients prior to
the focus group sessions if the previous assessment had
been more than 12months prior. The assessment in-
cluded five binary criteria coded as whether present or
absent: weight loss, weakness, exhaustion, slowness, and
low physical activity [4, 12]. Participants were defined as
frail if three or more of the five criteria were present;
pre-frail if one or two criteria were present; and non-
frail if no criteria were present. Scores were calculated
using the Hopkins Frailty Assessment Calculator [13].
Focus Groups
Eight focus group sessions were held to solicit input

from older adult care recipients (3 focus groups), their in-
formal caregivers (3 focus groups), and medical providers’
perspectives (2 focus groups) about using sensor-based
technologies in the home. Older adults care recipients and
caregivers were respectively stratified into separate focus
groups based on frailty status of the older adults (non-frail,
pre-frail, and frail). Providers were stratified by the clinical
programs from which they were recruited. Written

informed consent was obtained as described in the institu-
tional review board protocol. Basic demographic data and
data describing the amount of time caregivers spent pro-
viding care were collected. Each of the focus groups took
place in a conference room, with participants seated
around a table with facilitators comprised of a study co-
ordinator, principal investigator, and another research
team member.
The focus group sessions began with the facilitator provid-

ing a definition of frailty to stimulate the discussion. At the
beginning of each focus group session, participants viewed a
short video showing how different sensors can be used in the
home to monitor and individual’s health. Different interview
guides were used to facilitate discussion depending on type
of participant in the particular focus group (i.e., older adult,
caregiver, or provider), as the perspective of each group (e.g.,
with respect to knowledge of frailty status) was expected to
be different. All interview guides were developed for this
study and are included in the Additional file 1. For example,
the interview guide questions related to knowledge of the
frailty status of a patient were different for providers (e.g. …
would knowing the risks of frailty be helpful to you as a med-
ical professional?) compared to older adults and caregivers
(e.g. would knowing the risks of frailty make someone more
motivated to make a positive change about their health?).
Participants were encouraged to explore various technology-
related topics including device selection (e.g., wrist-, arm-,
abdomen-, waist-, leg-, hip-, neck-, and ankle-worn devise

Fig. 1 Participant Recruitment/Enrollment
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options), usability, adoptability, privacy concerns, data secur-
ity, duration and frequency of monitoring, how interactive
users want to be with the technology, and factors that could
modify and influence their perspectives and preferences. As
the development of actual sensors will be the subject of fu-
ture work, in this study, we did not specifically assess partici-
pants’ views of specific sensor concepts.

Coding and analyses
Audio recordings of each focus group were transcribed
verbatim and analyzed for thematic content using the
Atlas.ti software program used in qualitative data ana-
lysis [14, 15]. Codes for each focus group were devel-
oped empirically, without a pre-determined coding
scheme. The data were analyzed per focus group cat-
egory (older adults, caregivers, providers) by the study
coordinator and verified by a second team member. Fol-
lowing open coding procedures, themes and subthemes
were identified and entered into a codebook. The code-
book included a definition for each theme and sub-
theme, as well as representative quotes from the focus
groups’ participants. The codes identified in the tran-
scripts of earlier focus groups were used to assist with
the coding of subsequent focus groups. Coding consen-
sus was reached through discussion among the team
members [16].

Results
Participant characteristics
Ninety potential participants were contacted for the
study and 15 care-recipients and their caregivers
agreed to participate. Due to health and transporta-
tion problems, one care-recipient and three caregivers
were unable to participate. The mean age for care re-
cipients was 76 (standard deviation (sd) = 7). Most
were Caucasian (71%), female (64%), and reported be-
ing in good or better health (43%). Similarly, care-
givers were mostly Caucasian (75%) and female (67%),
with a mean age of 68 (sd = 8). Assistance provided
by caregivers included cooking, shopping, physical
support (e.g. walking), household chores and driving
to doctors’ visits. Additional participant characteristics
are provided in Table 1. Medical providers were
mostly female, nurse practitioners, registered nurses,
or licensed practical nurses (n = 6), followed by phys-
ical and occupational therapists and support staff (n =
5), and geriatricians (n = 3). All were involved with
the care of older adults.
Three key themes emerged from the focus groups

common to all three types of participants, including per-
spectives on frailty, acceptance of home-based sensors,
and data management concerns. A summary of theme
contribution by type of participant is provided in
Table 2.

Table 1 Participant characteristics

Item Care Recipient Caregiver

Overall
n = 14

Non Frail/Pre-frail
n = 8

Frail
n = 6

n = 12

Age: mean (sd) 76.1 (6.5) 73.9 (5.5) 79.2 (6.9) 68.2 (8.0)

Sex: % female 64.3% 62.5% 66.7% 66.7%

Race: % Caucasian 71.4% 80% 20% 75%

Education: %

High School/Equivalent 21.4% 25.0% 16.7% 41.7%

College 28.6% 37.5% 16.7% 33.3%

Post graduate 50.0% 37.5% 66.7% 25.0%

Living Status: % 66.7%a

Alone 35.7% 12.5% 66.7%

Spouse/partner 50.0% 62.5% 33.3%

Son/daughter(s) 14.3% 25.0% 0%

Care Recipient Health Status: %

Excellent 14.3% 25.0% 0% 8.3%

Very good 21.4% 37.5% 0% 25.0%

Good 42.9% 25.0% 66.7% 25.0%

Fair 0% 0% 0% 33.3%

Poor 21.4% 12.5% 33.3% 8.3%
aLiving with care-recipient
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Perspectives on frailty
Generally, focus group participants (care recipients,
caregivers, and providers) had similar perspectives and
understanding of frailty as a decline in an older adult’s
physical function over an extended period of time, as
distinct from their level of physical ability (or disability).
All three groups identified attributes of physical decline
in frail older adults, as well as declines in their ability to
recover or respond to life events.

Subtheme 1: frailty is declining physical function, not
disability Care-recipients, caregivers, and providers all
identified physical attributes of frailty in older adults in-
cluding unintentional weight loss, loss of muscle mass
and strength, loss of agility, loss of mobility, decreased
gait speed, and loss of resiliency.
A frail care recipient noted that “I’m tired a lot in gen-

eral, things like that. So I never really thought of myself
as being frail to whatever that description and it’s like,
oh, no, that’s me…”.
A provider defined a frail individual as“… someone

who’s lost weight and is just very, very thin; in the phys-
ical context would be, you know, people thin, weaker,
things like that” whereas an example of a disabled person
is “an athlete who’s in a wheelchair who plays basketball,
that person’s disabled but certainly far from my imagin-
ation of being frail.”

Subtheme 2: knowing frailty status is important and
useful Caregivers and care-recipients both felt that
knowing the older adult’s frailty status would facilitate
making lifestyle and home life changes, such as making
plans about how to handle their declining health. For
care-recipients and caregivers, this meant changes in
lifestyle and avoidance of risky behaviors and situations.
As explained by a care recipient, knowledge of their
frailty status could mean: “[c]hang[ing] your lifestyle,

adapt to -if you have – if you live in a house with lots of
stairs maybe move to a one-floor house or something …
lowering the risk[s] that come with frailty.”
There was a consensus among participants that safety

and harm reduction are important factors for appropri-
ately managing frailty, although their perspectives were
somewhat different based on their different roles. Pro-
viders indicated that knowing a patient’s frailty status
was useful in developing an appropriate treatment plan
and in making care decisions that affect quality of life, as
well as reducing the negative consequences associated
with treatment. For example, one provider explained
“harm reduction … becomes really important, too. So
whether that [would] be … watching whatever medica-
tions we’re prescribing or making sure they have appro-
priate equipment [so] that if they fall they don’t hurt
themselves.”

Perceptions of home-based sensors
Providers, care recipients, and caregivers expressed both
positive and negative views of home-based sensors.

Subtheme 1: benefits of home-based sensors Pro-
viders, care-recipients and caregivers felt that sensors
would be useful to provide objective data and would be
helpful and cost-effective way to track changes associ-
ated with frailty and declining health. They also antici-
pated that sensors could reduce health-care costs, which
would be good for the patient, caregiver and provider,
and would enhance the independence of older adults. As
one care recipient stated, “the reason this is being done is
that it saves … money. … So the more independent we
are the happier everybody is, and the cheaper it is for
everybody else.” A provider indicated that home sensors
could be useful because “sometimes we’ll admit people to
facilities to see if they’re having behaviors or, you know,
they’ll describe being up all night going to the bathroom.”

Table 2 Theme contribution by type of participant

Themes Non-Frail (N = 10) Pre-Frail (N = 9) Frail (N = 7)

CR
(N = 5)

CG
(N = 5)

CR
(N = 5)

CG
(N = 4)

CR
(N = 4)

CG
(N = 3)

Providers
(N = 14)

Theme 1: Perspectives on frailty

Subtheme 1: Frailty is declining physical function, not disability 80% (4) 60% (3) 40% (2) 75% (3) 100% (4) 100% (3) 79% (11)

Subtheme 2: Knowing Frailty Status Is Important and Useful 60% (3) 100% (5) 80% (4) 100% (4) 75% (3) 67% (2) 64% (9)

Theme 2: Perceptions of Home-Based Sensors

Subtheme 1: Benefits of Home-Based Sensors 60% (3) 60% (3) 40% (2) 100% (4) 100% (4) 67% (2) 57% (8)

Subtheme 2: Concerns about Home-Based Sensors 60% (3) 80% (4) 80% (4) 75% (3) 75% (3) 67% (2) 50% (7)

Theme 3: Data Management Concerns

Subtheme 1: Concerns about data interpretation, reporting
and responsibility

60% (3) 40% (2) 80% (4) 75% (3) 75% (3) 100% (3) 50% (7)

Subtheme 2: Data security 40% (2) 60% (3) 80% (4) 50% (2) 75% (3) 67% (2) 36% (5)

CR care recipient, CG caregiver
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Subtheme 2: concerns about home-based sensors Pro-
viders identified concerns about affordability and access
for some of their patients. As one provider explained, “If
it involves an Internet connection, a number of our par-
ticipants do not have Internet and can’t afford it. “A
main concern for care recipients was care quality rather
than access. Care recipients worried that the use of sen-
sors would tend to replace or reduce in-person visits.
One care recipient stated “My concern about these kinds
of systems are that you don’t lose the personal contact.”
Caregivers focused on the potential for loss of autonomy
of care recipients. One caregiver stated that “…it sounds
like big brother looking at you.”

Data management concerns
Care-recipients, caregivers, and providers shared con-
cerns about the large volume of data generated and
whether the data could be interpreted and reported in a
timely and useful manner. Additionally, providers had
unique concerns regarding responsibility for data admin-
istration and reporting (including to whom the data
would be reported), and how such data could be useful
in preparing overall care plans for older adults.

Subtheme 1: concerns about data interpretation,
reporting and responsibility Care-recipients and care-
givers had common concerns about the large volume of
data generated, and whether that amount of data could
be interpreted in a timely and useful manner. As one
care-recipient asked: “… aren’t physicians already totally
overwhelmed?”
Providers were focused on how the sensor data would

be collected and reported. As one provider asked “…
would there be a way to easily pull it or, you know,
present it in a meaningful way to the team?” Providers
had related concerns regarding who would be respon-
sible for collecting and managing all of the information
provided by sensors: “Well I don’t know who’s going to be
responsible for getting all of that information and then
figuring out who that gets reported to and how …”.

Subtheme 2: data security Care-recipients, caregivers,
and providers had concerns regarding data security, and
how the data would be transmitted. Older adults and
caregivers felt that digital data is vulnerable to hacking
and release to the public. They expressed specific con-
cerns about particular kinds of sensitive information. A
caregiver stated, “as long as it doesn’t have my social se-
curity number on it, I don’t care.” This suggests that data
security should be an important concern in developing
sensor technology, and that extra care be taken to pro-
tect particular kinds of information such as social secur-
ity numbers, lab results, or other information that can
be abused.

Discussion
While a number of different studies have investigated
the use of sensors to measure phenotypic characteristics
of frailty (gait speed, stride length, postural balance, per-
centage of time spent walking, standing, sitting, etc.),
and other studies have assessed older adults’ under-
standing of frailty [17], there has been only one study of
the views of stakeholders regarding the acceptability and
adoption of health-related technology solutions for
frailty screening and management [18]. The stakeholders
in this previous study, conducted in three European
countries included frail and robust older adults, their
family caregivers, as well as health and social care pro-
fessionals. Consistent with their findings, we found that
the stakeholders in our study all recognized the potential
value in the use of sensor technology in frailty screening
and monitoring with respect to objectivity and timeliness
of data collection and earlier detection of health changes
that can result in better health outcomes and cost sav-
ings. At the same time, similar concerns were raised re-
garding affordability, accessibility, and data security. Our
study was unique in that patient-caregiver dyads were
included to better delineate converging vs. diverging
role-dependent views and the use of a diverse pool of
medical providers caring for patients with a full
spectrum of frailty status improved the generalizability
of the opinions.
On the issue of potential benefits, all three groups also

focused on the practical benefits of spotting potential
hazards in the behavior and lifestyle of older adults, and
identifying changes (i.e., moving from a multi-level home
with lots of stairs to a single floor dwelling) that would
reduce risks and assist the frail older adult and their
family to plan for the older adult’s declining health. Pro-
viders focused on the potential for sensors to allow them
to monitor specific patient activities of concern (such as
insomniac behaviors, decreased mobility, and excessive
bathroom use) without the need for inpatient admission.
In addition, providers felt that sensors could provide ob-
jective data that would assist them in documenting the
declining health of older adults for their families and
caregivers and allow them to better explain the need for
support and planning.
Each of the groups also saw potential issues with

implementing sensor technologies – mainly data man-
agement concerns, which echoed those of other studies
of sensor technologies [19]. Common issues included
worries that the large volume of data that sensors could
produce may complicate data interpretation and com-
municating the results in a timely and useful fashion to
the older adults (and their families). Related concerns
were transmission and reporting of data– i.e., data secur-
ity. Care-recipients and caregivers differed in that the
older care-recipients had few concerns that their sensor
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data could become publicly available, as they assumed
that such data (e.g., location tracking on a smartphone)
was already publicly known. With respect to data secur-
ity, providers and caregivers shared concerns that sensor
data be protected from release. Accordingly, it will be
important to incorporate robust data security features
into any such sensor technology to ensure acceptance by
caregivers and providers.
Where participants had divergent views, it was usually

providers that had different perspectives from caregivers
and older adults (who tended to have more similar
views). For example, with respect to data management,
providers recognized that the sheer volume of sensor
data could make it difficult to analyze and incorporate
readily into an appropriate care plan for their patients;
and they worried about who would be responsible for
handling and reporting health information derived from
sensor technology. Further, they worried that there was
an increased risk and potential liability associated with
missing important sensor information, and that they
may not be reimbursed for time spent, outside of the
clinic, in reviewing and acting on sensor data. This indi-
cates the need for developing systems to process and
analyze the sensor data flow to provide information in a
form that providers can readily incorporate into care
plans. In addition, insurance plans (private and govern-
ment run) should reimburse providers for the time and
financial burden imposed by integrating sensor-derived
information into a care plan for older adults.
Caregivers and older adults (but not providers)

expressed more concerns about how the use of sensors
would impact their personal contact with their health-
care provider. They worried that the implementation of
sensor technologies could reduce or supplant their time
one-on-one with providers. This suggests that sensor
technology would be more acceptable if used as an
adjunct to existing healthcare modalities, to enrich and
improve the interactions between older adult and health-
care provider.
Regarding affordability and accessibility of new tech-

nologies, most sensor technologies rely on internet ac-
cess in order to convey information from the sensor to
its users. About one-third of older adults aged 65 and
older never use internet and only 42% report owning
smartphones [20], so any implementation of sensor tech-
nology may need to include financial support or incen-
tives for older adults without internet access. In
addition, caregivers and older adults expressed a prefer-
ence for unobtrusive sensors similar to Fitbits and
smartwatches, indicating that there exists a significant
cohort of present day caregivers and care recipients who
are less comfortable or adept at using technology, and
would benefit from highly user-friendly devices that re-
quire little user input. This is consistent with the Pew

Research Center survey in 2017 showing that 48% of
older adults need help with use of a new electronic de-
vice [20]. Therefore, the availability of training oppor-
tunities and social support would be the key to
increasing adoption of new technologies by older
adults and boosting their confidence of becoming
more digitally connected. As new generations of older
adults are becoming more experienced with diverse
technologies and more “tech-savvy,” aging, technology,
and healthcare will be inextricably linked in the daily
lives of older adults.
The challenge of dealing with the increasing gap be-

tween the needs of a fast growing aging population and
the available informal and formal care resources has in-
cited great interest in using technology to deliver cost-
effective care for the most vulnerable. From the stand-
point of care management and delivery, it is critical to
minimize health risks (e.g., falls) associated with frailty
by making lifestyle adjustments and reducing environ-
mental hazards. It is equally important to implement
real life monitoring of health changes in order to prevent
or delay the more damaging consequences. It is the lat-
ter where new technologies including wearable sensors
may have great potential for detecting subclinical
changes such as slowing gait speed that may not be cap-
tured by routine clinical visits. On the issue of cost-
saving, given that older adults make up nearly one quar-
ter [21, 22] of all emergency department visits and ap-
proximately 50% of those visits were nonemergent and
therefore potentially preventable [23], a good case can
be made for the unprecedented opportunity afforded by
the advent of sensor technologies for real-time and con-
tinuous health monitoring. Enriched by a greater level of
granularity, frequency, and sensitivity, the resulting
digital data thus hold great promise for early diagnosis
of impending health issues that can be handled more ef-
fectively by primary care with significant cost-savings. In
this sense, the use of technology is meant to be value-
added and to complement rather than replace the
clinical encounters. However, in order to realize the full
potential of technology, major bottlenecks for its wide
use in geriatric care will have to be addressed. Besides
factors related to stakeholder-specific characteristics
such as affordability, accessibility, and perceived useful-
ness, one major bottleneck for dissemination of new
technology in the big data era is data analytics. As
pointed out by our study participants, getting data from
sensors is cheap; making sense of them with the purpose
of informing clinical decision-making is challenging. It is
worth noting that the development of data analytics
should be informed by theory and its relationship to the
target of measurement by the technology. This is par-
ticularly important in the field of gerontology and geriat-
rics where many of the outcomes (also termed
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“constructs”) such as frailty are not directly observable
but can be inferred from multiple measurable indicators
of the underlying constructs (e.g., gait speed, grip
strength). For this reason, the selection and development
of technology and analytics should ensure a good fit be-
tween what the technology is capable of measuring and
the appropriateness of inference made with respect to
the intended construct on the basis of such measure-
ment. In other words, measurement without theory
limits the value to science and to policymakers of the re-
sults obtained or obtainable by new technologies [24].

Strengths and limitations
One key strength of our study is the inclusion of multiple
key stakeholders with both overlapping and role-specific
views on the use of sensor technologies for frailty diagno-
sis and monitoring. The other strength is recruitment of
older adults representing the full frailty spectrum from
non-frail to prefrail to frail so that potentially varied opin-
ions by frailty status can be more comprehensively stud-
ied. The care-recipient/caregiver dyads also provided the
opportunity to explore shared as well as diverging opin-
ions that could be shaped by specific relationship dynam-
ics within dyads. One limitation of our study is that we
did not intentionally probe our participants about the psy-
chological impact of being diagnosed with frailty, per-
ceived and self-stigma associated with being frail and its
influence on adoption of new technologies. However, a re-
cent study by Schoenborn et al. [16] showed that com-
pared to participants who were non-frail or pre-frail, those
who were frail were more receptive to discussing their
frailty status with clinicians despite having negative per-
ceptions about the term “frail.” This suggests that the ben-
efits associated with frailty assessment could overcome the
stigma of frailty if greater emotional and social support
are made available to older adults. Another limitation is
that the care-recipients and caregivers in our study were
more highly educated which may affect the generalizability
of findings.
The present study may not be broadly generalizable,

but qualitative studies rarely are because generalizability
is not typically their purpose. Since little is presently
known about how receptive older adults, their informal
caregivers and medical providers are to the use of wear-
able and/or installed sensors at home to assess frailty, it
is helpful to start with qualitative methods to expand the
knowledge of this topic. This provides important prelim-
inary information to facilitate the development of more
structured studies. In this case, a qualitative understand-
ing of the preferences of older adults with regard to spe-
cific types of sensor technologies will allow us to better
target sensor technologies that will be more readily
adopted by older adults.

Conclusions
Overall, the perspectives of older care recipients, their
caregivers, and medical providers in this study indicated
interest and general acceptance of using sensor-based
technologies to assess frailty in older adults with care
needs. The main concerns were related to voluminous
data and strategies for responsible and secure transfer
and reporting of data, including its distillation into use-
ful and timely care information. Sensor-based technolo-
gies for frailty assessment show promise based on the
qualitative findings in this study, but should undergo
pilot testing for feasibility and utility. This will inform
the larger goal of helping older adults to maintain inde-
pendence while tracking potential health declines, espe-
cially among the most vulnerable, for early detection and
intervention.
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