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Background: Aging at home rather than in an institution is now considered the gold standard.
Public health figures document an important demographic transition to an increasingly elderly
society. At the same time, this is accompanied by the emergence of significant numbers of
innovative technologies to help and support home-dwelling older adults in declining health
who wish to remain at home.

Study aim: To explore the acceptability of intelligent wireless sensor system (IWSS) among
home-dwelling older adults in rapidly detecting their health issues.

Methods: Data were sourced from a pilot 3-month randomized clinical trial that involved
34 older patients in the experimental group (EG) using an IWSS to rapidly detect falls and
other health issues at home. The effectiveness of the IWSS was assessed by comparing it to
participants’ functional and cognitive status, as measured both before and after the trial. The
Resident Assessment Instrument for Home Care, Confusion Assessment Method, Cognitive
Performance Scale, Geriatric Depression Scale, and Informed Questionnaire on Cognitive
Decline in the Elderly were used for the assessments. Acceptability of the IWSS was explored
at the end of the study.

Results: Both older adults and their informal caregivers considered the performance and use-
fulness of the IWSS intervention to be low to moderate. A majority of the participants were
unsatisfied with its ease of use and found multiple obstacles in using and having an intention
to use the IWSS. However, their informal caregivers were more satisfied with the program and
gave higher scores for usefulness, ease of use, and intention to use IWSS technology.
Conclusion: The IWSS displayed low-to-moderate acceptability among the older participants
and their informal caregivers. We recommend improving and clarifying several components in
the IWSS for the development of a design that is user-centered.

Keywords: gerontechnology, satisfaction, patient preferences, home monitoring, elderly care,
informal caregiver preferences, innovative technology

Introduction

The Swiss population is aging, with higher absolute numbers of adults aged 65 years old
and above. By 2020, about 1.2 million older adults will be living in Switzerland.' The
majority of the home-dwelling older adults wish to live in their own homes for as long
as possible, even when they need significant health care.? Extremely rapid, innovative
technological development is occurring in parallel to this demographic transforma-
tion.> However, although most technological devices are aimed at young adults, recent
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studies have provided evidence that older age groups can
adopt and use innovative technology as well.*¢ This has led
to growing interest in technologies to enable older people to
live autonomously at home. These gerontechnologies should
help home-dwelling older adults to remain safely in their
homes for longer, despite physical and cognitive decline.”®
This emerging concept combines technologies to improve
health, housing, mobility, and communication in order to
prevent social isolation and loneliness in older people. More-
over, it increases home-dwelling older adults’ safety at home,
monitors their health status to reinforce their independence
and quality of life, and enables them to remain at home lon-
ger, even if they have some neurocognitive impairment.*'?
Health status among the sustained home-dwelling adults
was monitored using well-documented and validated tools.
Literature documents that most global assessments to detect
behavior changes were made with the Resident Assessment
Instrument for Home Care (RAI-HC®; InterRAI Coporation,
Washington, DC, USA),!" cognitive status with the Confusion
Assessment Method (CAM),'? Cognitive Performance Scale
(CPS),"? Geriatric Depression Scale (GDS),'* and Informant
Questionnaire on Cognitive Decline in the Elderly."” How-
ever, regular health status assessments by home health care
nurses for rapid detection of changes in health status among
home-dwelling older adults remain difficult.

Most patients prefer care in the community to more
expensive care in nursing homes; therefore, systems using
advanced technology to meet that preference should benefit
older patients, health care providers, and public health
policymakers.!®!® Health care providers, engineers, and
public health policymakers are exploring this alternative
method of services that aim to maintain older adults in declin-
ing health at home and improve their quality of life.!*** Based
on the continuity theory of normal aging, which proposes that
older adults make adaptive choices to preserve and maintain
internal and external networks with family and friends,*
gerontechnology should help an aging society maintain
sustainability by helping older adults enjoy a better quality
of life and increasing their autonomy.?* Although there have
been some preliminary evidences about the positive impact
of gerontechnology on health outcomes and quality of life,
resulting in home-dwelling older adults remaining autono-
mous longer, few studies have focused on their acceptance of
these emerging technologies.?>>* However, research should
better document how acceptable, usable, and intrusive that
technology can be. Finally, it is important to understand the
factors that influence the acceptance and use of innovative
technologies in the daily lives of home-dwelling older adults

in declining health. This article describes the acceptability of
an innovative intelligent wireless sensor system (IWSS) for
rapidly detecting health issues among home-dwelling older
adults in declining health. This pilot 3-month randomized
clinical trial was carried out in collaboration with a district
home health care service in southwestern Switzerland. For
research guidance, this project adopted the technological
acceptance model framework developed by Venkatesh and
Davis in 2012.%

Theoretical framework

Technology acceptance has been described as “the approval,
favorable reception, and ongoing use of newly introduced
devices and systems”.’ The level of acceptance contains an
element of the attitude toward a certain behavior changed by
the technology, that is, the individual’s positive or negative
feeling or appraisal about that behavior and the degree to which
this affects the behavior, and the technology-use behavior
itself. The unified theory of acceptance and use of technology
framework developed by Venkatesh and Davis*® was used
as a framework to investigate home-dwelling older adults’
acceptance of the IWSS. Based on theories from psychology
and sociology, the unified theory of acceptance and use of
technology 2 was developed to better understand what influ-
ences the behavioral intentions to use technology.”’

Study aims

This study aimed to explore the acceptability (usefulness,
satisfaction, ease of use, and intention to use) of an IWSS
among home-dwelling older adults. This innovative
technology rapidly detects everyday health issues such as
falls, acute infections, and immobilization, with the aim of
preventing hospitalization or emergency department visits.

Materials and methods

Study design

Data were sourced from a pilot randomized clinical trial
conducted from August 1, 2014, to the end of March 2015.
The trial used an IWSS to rapidly detect health issues
among older adults receiving home health care. In addition
to the effectiveness of the IWSS, the study explored its
acceptability among home-dwelling older adults and their
informal caregivers.

Setting and participants

The study nurse (SN), in partnership with a district home
health care service in the French-speaking part of Canton
Valais, Switzerland, recruited 34 older patients receiving
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home health care. The study was approved by the Canton’s
human research ethics committee in June 2014 (CCVEM
020/14). Participation in the study was voluntary; home-
dwelling older adults in declining health who were asked to
participate were under no obligation to do so. Older patients
with a medical prescription for home health care, independent
of their degree of physical or cognitive impairment, were
eligible to participate if they met the following criteria: 1)
aged 65 years or above; 2) had received at least 3 months of
home health care without interruption during the length of the
IWSS trial; 3) independent despite their degree of physical
and cognitive impairment; and 4) capable of understanding
and answering questions in French. The exclusion criteria
were: 1) they were at the end of life; 2) they had received
lesser than 3 months of home health care in one go; and
3) they were incapable of answering questions in French
(language barrier).

Sample, recruitment, and blinding

The principal investigator (PI) and the SN attempted to recruit
99 participants, of whom 68 gave their written informed
consent and were assigned, using opaque sealed envelopes,
to either the experimental group (EG; n=34) or the control
group (CG; n=34). A total of 57 participants completed the
study: 29 in the EG and 28 in the CG groups. The PI, SN,
and district home health care service were aware of the group
allocations because of the technological interventions which
needed to be prepared for and adapted to the participants in
the EG. Participants in the EG received the IWSS intervention
in addition to the planned “usual care” intervention from
the district home health care center. Participants in the CG
received only the identical planned “usual care”.

IWSS intervention
Prior to the intervention, the IWSS, study protocol, and
the management of alarms were explained to the partici-
pants, informal caregivers, and nurses. Nurses received a
short training session on how to use the IWSS software.
Participants in the EG received their IWSS within 72 hours
of getting the explanation. Prior to the 3-month clinical
trial with the IWSS, a 2-week assessment period evalu-
ated the participants’ normal patterns of behavior. Alarm
thresholds for use during the clinical trial were chosen by
the Homecare Center in collaboration with the informal
caregiver.

The IWSS intervention consisted of continuously record-
ing the movements and activity/inactivity of the home-
dwelling older adults in strategic places in their living space:

living room, bedroom, bathroom, time spent in bed, and time
at which the fridge was opened.

The collected data were sent for analysis to the
DomoSafety® data management center using mobile tech-
nologies. Based on the participants’ 2-week behavior pattern
before the trial, a data algorithm was able to analyze and
detect changing behaviors (>20% deviation) among the
home-dwelling older adults with declining health. Depending
on the participants’ changing behavior patterns (eg, more vis-
its to the bathroom, falls, acute infection, shorter stays in bed),
the system sends alarm messages to their contact informal
caregivers, who can then access the IWSS smart application
to discover the nature of the change in movement/activity
(on a dashboard). Contacts can receive alarms by short mes-
sage service, email, or smartphone application in a domino
effect.

Data collection

Assessment of sociodemographic characteristics

and health status

Immediately after obtaining consent, the PI and SN conducted
a basic assessment of each participant by administering a
number of different instruments in a face-to-face interview.
These included the RAI-HC,!' the CAM for the symptoms/
signs of delirium, the CPS,'? the GDS-4 items, ' the Informant
Questionnaire on Cognitive Decline in the Elderly,' and
medications. They also examined patient records to collect
data on patients’ sociodemographic characteristics (age, sex,
marital status, living situations), prescribed medications, and
global health status. Inter-rater reliability between the P1 and
SN was excellent with regards to the assessments made using
the RAI-HC, CAM, CPS, and GDS (with Cohen’s kappa
coefficients between 0.79 and 0.85).%

Assessment of acceptability

Data about acceptability were collected throughout the study.
These were obtained from the personal notes written by the
PI and SN, as well as from the results of the questionnaire.
The questionnaires were administered during face-to-face or
telephonic interviews with the participants after the IWSS was
used for 3 months without interruption.?-*° In the absence of
a validated questionnaire on the acceptability of the IWSS, a
questionnaire was developed based on the scientific publica-
tions of Davis,’! Venkatesh et al,”’ and Sidani and Braden
(Figure S1).** The questionnaire assessed the intervention’s
ease of use, usefulness, and attitudes and the intentions to use
the IWSS. In addition, satisfaction with the physical installa-
tion procedure of the IWSS and the feelings of safety generated
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by the intervention were measured using a 5-point Likert
scale scored from 0 “not acceptable/not at all satisfactory” to
4 “extremely acceptable/very satisfying”. Two open-ended
questions based on the critical incident technique®* allowed
the participants to express their opinions and describe their
positive and negative experiences of the IWSS. Finally, the
participants were invited to make suggestions about the useful-
ness of IWSS and the information received about the IWSS.

Data analysis

Descriptive statistics were used to present sociodemographic
and health status characteristics. The most appropriate
statistical tests were selected according to the type of
variables. Statistical analyses were performed using
version 22 of the IBM-Statistical Package for Social Sciences
(IBM-SPSS®; IBM Corporation, Armonk, NY, USA).3*
A statistical significance threshold value was established at
P=0.05 and all tests were two tailed.

Qualitative data were summarized using content
analysis.*** The information collected was processed as fol-
lows: 1) interview summaries were audio-recorded in a digital
format; 2) the interviewer analyzed the interview content to
identify positive, negative, or neutral events; and 3) critical
incidents were identified, classified, and organized by theme.
The hierarchical categorization procedure specific to the
Flanagan method was used.** During this classification into
categories, the taxonomy of specific attitudes and the creation
of new categories were developed continuously, as Flanagan
proposed, so that all incidents were classified according to the
specificities of the process and the participants involved.

Findings

We observed an elevated participant retention rate in both EG
(29/34) and CG, suggesting that participants were interested
in exploring the use of the IWSS. No statistical difference
was observed in the attrition rates of the groups (P=0.05).
Three deaths and two institutionalizations were the reasons
for attrition.

Sociodemographic characteristics

Table 1 summarizes the sociodemographic characteristics of
the participants receiving the IWSS intervention. Majority
of the participants were female (67.6%), aged over 83 years,
and lived alone (91.2%).

Participants’ health status

As expected, the health status of these older participants
at study entry revealed cognitive impairment, delirium,
and symptoms of depression, as well as significant

Table | Sociodemographic characteristics of the EG participants

Variables Participants (n=34)
Age (years), mean (SD) 83.2(7.2)
Sex, n (%)
Female 23 (67.6)
Marital status, n (%)
Unmarried 5(14.7)
Married/partner 1 (2.9)
Divorced/separated 3 (8.9)
Widowed 24 (70.6)
Missing 1 (2.9)
Cohabitation, n (%)
Lives alone 31 (91.2)
With spouse 3(88)
Dwelling place, n (%)
Own home with nursing homecare 33 (97.1)
Serviced apartment 1 (2.9)
Additional support services, n (%)
Homecare assistant 27 (79.4)
Home cleaning 28 (82.3)
Meals at home 13 (38.2)
Volunteer 4(11.8)
Social worker 4(11.8)
Occupational therapy or physiotherapist 3 (8.8)
Day hospital 4(11.8)

Abbreviations: EG, experimental group; SD, standard deviation.

polypharmacy, with an average of more than six drugs used
daily (Table 2).

Acceptability of the VWSS intervention
Table 3 presents participants’ answers to the acceptability
questionnaire.

Usefulness of IWSS

More than half of the emergency alarm messages were sent
out during the night, and participants in these situations often
took an extended time to return to bed. Food burning on
hotplates was another incident detected at two participants’
homes and the IWSS sent emergency alarm messages to their
nurses and informal caregivers. The IWSS failed to detect
two falls, probably due to lack of suitably positioned sensors.
Insufficient training for nurses on the use of IWSS caused
several difficulties in the effective employment of its software
in the study. Participants living long distances from their
informal caregivers showed more interest in using IWSS.

Satisfaction

Only 6/23 participants (26.1%) were satisfied with the IWSS,
while more than half of their informal caregivers were satis-
fied (8/15; 53.3%). However, architectural complexity had
caused the IWSS some problems in capturing every activity
at homes. Two informal caregivers complained about the
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Table 2 Participants’ health status

Variables

Confusion Assessment Method (CAM 9 items)

Participants (n=34)

Mean number of symptoms (SD) 1.9 (1.5)

(Min—max) 0-5
Cognitive Performance Scale (CPS)

Mean (SD) 2.3 (2.4)

(Min—max) 0-10
Informant Questionnaire on Cognitive Decline
in the Elderly (IQCODE)

Mean (SD) 3.9 (0.6)

(Min—max) 3.1-48
Geriatric Depression Scale (GDS 4 items)

Mean (SD) 0.9 (1)

(Min—max) 0-3
RAI-HC: fell during the last 3 months (%) 50

Risk of falling (%) 94.1
RAI-HC: number of drugs

Mean (SD) 8.8 (4.2)

(Min—max) 0-18
RAI-HC: social isolation/loneliness (%) 58.8
RAI-HC: pain—visual analog scale

No pain (%) 294

Mild pain (%) 324

Average pain (%) 382
RAI-HC: hospitalized in the last 3 months

Yes (%)/no (%) 14.7/85.3

Abbreviations: max, maximum; min, minimum; RAI-HC, Resident Assessment
Instrument for Home Care; SD, standard deviation.

long time necessary to install the wireless sensors. One
participant estimated that a single sensor was inappropriate
for capturing every activity.

Acceptability of IWSS in the daily lives of participants
and informal caregivers

Most of the participants (15/23; 65.2%) and informal care-
givers (13/18; 72.2%) considered the IWSS installation
procedure acceptable. For more than half of the participants
(52.2%), IWSS had no negative influences on their activities

Table 3 Acceptability questionnaire

of daily living. Informal caregivers were dissatisfied with
the need to acknowledge each alarm message with a tele-
phone call to assess the pertinence of the alarm and whether
any physical intervention was necessary. Participants also
felt that the IWSS was intrusive and that they were being
watched. In a few families, these situations even went so
far as to create conflicts between participants and their rela-
tions. Half of the informal caregivers (53.9%) stated that
the alarm messages influenced their daily lives, and some of
them, for professional reasons, were not always reachable.
Furthermore, some rural areas were not always covered by
the mobile phone network and some alarm messages did not
reach the informal caregivers. For these reasons, one-fifth of
the participants or informal caregivers contemplated leaving
the study.

Use of IWSS

About one-fifth (21.7%) of the participants and half (53.3%)
of the informal caregivers were satisfied with the use of
IWSS. Regarding the usefulness of IWSS, one-third (34.8%)
of'the participants and three-quarters (76.5%) of the informal
caregivers considered the IWSS useful for older adults
who wished to remain in their homes, and believed that the
IWSS was an appropriate means of ensuring safety in case
of falls.

Only one-third (33.8%) of the alarm messages were
described as useful; however, only one-fifth of the messages
(20%) were described as actually requiring further investi-
gation (by telephone call). One-third of the alarm messages
(33.5%) were described as not useful, and almost one-sixth
of the messages (13.8%) had technical errors.

Ease of use and obstacles to the IWSS
During the clinical follow-up, patients stated that short dis-
tances from informal caregivers, their declining health status,

Questions

Participants, n (%) Informal

caregivers, n (%)

Yes No Yes No
Compared to what was presented to you, are you satisfied with the use of the IWSS? 6 (26.1) 17 (73.9) 8 (53.3) 7 (46.7)
Was the IWSS useful? 5(21.7) 18 (78.3) 8 (53.3) 7 (46.7)
Do you feel that the IVWSS became essential to your daily living? 3 (13.6) 19 (83.4) 6 (37.5) 10 (62.5)
Did the installation of the IWSS cause any trouble? 15 (65.2) 8 (34.8) 13(72.2) 5(27.8)
Was the use of the IWSS easy? 10 (45.5) 12 (54.5) 12 (80) 3 (20)
Is the IWSS a good system for ensuring the safety of older adults at home? 8 (34.8) 15 (65.2) 13 (76.5) 4 (23.5)
Did the IWSS disturb your daily living? 11 (47.8) 12 (52.2) 6 (46.2) 7 (53.8)
Would you recommend the IWSS to a home-dwelling older adult? 8 (34.8) 15 (65.8) 13 (76.5) 4 (23.5)
Did you hesitate to participate in the study? 8 (36.4) 14 (63.6) 5(27.8) 13(72.2)
Did you ever think about withdrawing from the study before it was finished? 5(22.7) 17 (77.3) 3(16.7) 15 (83.3)
Abbreviation: IWSS, intelligent wireless sensor system.
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and fear of falls or being found dead by family members
made the IWSS worth using and encouraged them to do so.
Participants and informal caregivers who stated that they had
received clear, understandable information at the IWSS also
felt that this facilitated the system’s use.

Participants’ ease of use was negatively influenced by
mild or moderate cognitive impairment, resulting in a need
for supplementary explanations about the IWSS. For several
reasons, informal caregivers were mostly absent during the
installation of the system and while giving explanations about
the IWSS, resulting in inappropriate responses to emergency
alarm messages. Finally, obstacles to the system’s ease of use
were also due to some of its components such as the failing
mobile telephone connections in rural areas, which required
the health care nurses to make adjustments and reduced the
system’s usefulness.

Discussion

The present study showed that the IWSS programs installed
were not always easy to use and generally demonstrated
only low-to-moderate acceptability. Despite the reasons
which most participants and their informal caregivers gave
to remain at home as long as possible, the IWSS failed to
precisely and rapidly detect every health issue in daily life.
This resulted in the IWSS only achieving a moderate score
for usefulness, as revealed by one informal caregiver’s
statement: “The sensors are an interesting concept, but they
are not yet intelligent enough to quickly detect the first signs
of changing health symptoms or tell us that something really
serious has happened.” The IWSS intervention was also
meant to focus on preventing avoidable hospitalizations and
help participants remain in their homes; on these measures,
the system’s functionality failed to meet the participants’
expectations. Results showed that the IWSS generated sev-
eral inappropriate preventive messages. During the study,
emergency messages transferred to informal caregivers alone
failed to result in appropriate, well-organized follow-up.
It does not seem to be relevant to connect informal caregiv-
ers to the IWSS and expect them to be available to respond,
day or night, to both appropriate and inappropriate sensor
alarm messages. This both exhausted informal caregivers and
developed a flawed feeling of safety among the participants
surrounded by sensors.

In agreement with previous studies, the present study
confirmed that older adults with a cognitive impairment were
less likely to accept the IWSS than those with a physical
impairment.’’” Moreover, the biggest complaints from partici-
pants were about the IWSS intervention’s intrusiveness and

complexity, which corroborated other studies.**° This tends
to support the possible explanation that older adults suffering
from a cognitive impairment find innovative technologies
too complicated to use, and thus, the interventions are not
always useful in helping them to become more independent
or offering them the benefits of an enhanced quality of life.
Also, the IWSS demonstrated multiple unexpected technical
failures, which caused feelings of doubt about its ease of
use and applicability for increasing autonomy at home and
enhancing the quality of life. However, if the participant and
informal caregiver had received a suitably comprehensible
explanation and the IWSS had provided useful outcomes,
then this would probably have resulted in the higher accept-
ability documented in other studies.* It is probable that these
barriers negatively influenced informal caregivers’ scores for
satisfaction with and usefulness of this innovative technol-
ogy for maintaining older adults in declining health in their
homes; this corroborates the recent study by Gibson et al.*!
Finally, families that refused to support or continue to
participate in the study may have feared losing family privacy,
disclosing family conflicts, or overintrusive assessments; these
findings were also documented by Hastall et al.** Innovative
technologies spark society’s interest and curiosity, but can also
reveal fears that should be addressed with the potential users.
The present study recommends that innovative technology
developed by engineers should use a differentiated targeting
strategy to assess the specific needs of home-dwelling older
adults, as differences in usage intentions were related to
participants’ sociodemographic and health status character-
istics. More importantly, the study revealed that older adults’
attitudes toward innovative technologies are significant
determinants of their usage intentions; their positive and
negative attitudes lead to higher and lower usage intentions,
respectively. Thus, technologies should be developed in
close collaboration with the end-users. Such a user-centered
approach could improve their attitudes toward innovative
technologies and is likely to yield more fruitful outcomes.

Study limitations

This study has some limitations concerning the acceptability
of'the intervention and the study itself. In addition to the rela-
tively small sample, it seems important to mention that data
were collected by a single district home health care center
and that attention should be drawn to the transferability of
our findings. Extending our findings to other technologies
or regions should be done with caution. Finally, our study
population of older adults was particularly unfamiliar with
innovative technologies due to their average age of about
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83 and the transferability of our findings to older adults less
than 75 years old should be done with caution.

Conclusion

Gerontechnologies have been developed independently of the
needs of potential users. This study demonstrated that sufficient
time should be taken to understand the habits, perceptions, and
preferences of home-dwelling older adults and their informal
caregivers before trying to encourage the adoption of new
technologies. Indeed, they expressed only a low to moderate
acceptability of the IWSS intervention. This result should be
considered a challenge to engineers and technology develop-
ers; they should collaborate more closely with end-users and
clinical researchers in order to investigate the acceptability of
different types of innovative technology. Their overriding goal
should remain to keep older adults in their own homes and in
optimal physical and mental health for as long as possible.
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Supplementary material

Family name — given name: ...........coooiiiiiiiiiiiiiiiens Date: ....ccoeviiinnnn
Acceptability is taken to mean effective acceptance of the DomoCare® sensor array by the study’s participants — older adults and their
informal caregivers.

Activity Acceptability score
0 1 2 3 4

Satisfaction with the DomoCare® sensor system
1. Compared to what was presented to you, are you satisfied with the
use of the DomoCare® sensor system?
2. How would you evaluate the usefulness of DomoCare® sensor
system? (Did it help you, and if yes, in what way?)
3. In your opinion, did the DomoCare® sensor system become an
indispensable part of your daily life?
Installation of the DomoCare® sensor system
4. Was the length of the assessment period prior to the installation of the
DomoCare® sensor system acceptable?
5. Was the content of the interviews acceptable?
Adhesion - loyalty
6. Did you hesitate about participating in this study?
7. Did you contemplate withdrawing from the trial before it finished?
Credibility — usability — safety
8. How would you describe the level of difficulty in getting the DomoCare®
sensor system up and running? (older adult and/or informal carer)
9. Is the DomoCare® sensor system easy to use?
10. Is the DomoCare® sensor system a good way to ensure the safety of
home-dwelling older adults?
11. How would you describe the DomoCare® sensor system’s level of
disruption to your activities of daily living?
12. Would you recommend the DomoCare® sensor system to a home-
dwelling older adult?

Acceptability score
0= not acceptable/not at all satisfactory; 1= somewhat acceptable/somewhat satisfactory; 2= acceptable/satisfactory; 3= very acceptable/
more than satisfactory; 4= extremely acceptable/very satisfying.

Open-ended questions
Did you feel that the sensor system was useful to you? If so, how?
Did you have any difficulties with the DomoCare® sensor system during the trial?

Propositions

Figure S| Evaluation of the acceptability of the intelligent wireless sensor system.
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