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D.F. Mahoney, E.L. Mahoney, E. Liss. AT EASE: Automated Technology for Elder As-
sessment, Safety, and Environmental monitoring. Gerontechnology 2009; 8(1):11-25;
doi 10.4017/gt.2009.08.01.003.00. Background: Independent Living Residences (ILRs) for
elders are becoming a popular and less expensive option than assisted living facili-
ties. ILRs, however, operate with minimal professional staffing and new ways are
needed to provide oversight of increasingly frail and/or confused elders who live
alone. Objective: To gain an understanding of the elders, families and staff con-
cerns in ILRs and to investigate whether remote residential monitoring, using off-
the-shelf wireless sensors, might address these concerns. Methods: Mixed methods
approach. Phase 1 qualitative research involved eight sets of focus groups com-
prised of either elderly residents from ILRs, relatives of residents, building manag-
ers and superintendents, or affiliated nurse practitioners (NPs) providing residential
services. Phase 2 implementation built the system in response to end users input.
Detailed testing of signal reliability and validity occurred. Phase 3 involved an 18
month implementation period with 10 sets of end users using the system for at least
4 months each. End user sets —residents, family members, building staff and nurse
practitioners were assessed pre and post implementations. Results: Across the end
user subgroups concerns varied but they all shared in common worries about the
safety and well-being of the residents. Specific memory related issues included
medications, meals, and shutting off the toilet/bath water. The Automated Technol-
ogy for Elder Assessment, Safety and Environment (AT EASE) remote home moni-
toring system was developed to uniquely tailor the type of sensor and activities
monitored to the individual’s particular concern(s). Initial reliability trials uncovered
severe signal interference for the X10 based wireless sensor system. This resulted in
a redesign and successful deployment of a Zigbee based system. Moreover for the
first time alert information was triaged to multiple parties, authorized as recipients,
and occurred without any data security breaches. For example, only the build-
ing superintendent would receive the toilet overflow alert, the family member the
missed meal or medication alert and the nurse practitioner when several medica-
tions were missed. Conclusions: Multiple safety and well being concerns arose
that could be addressed through sensor based residential monitoring but most
residents underestimated their personal vulnerability. Key to acceptance was the
residents’ perceived need and usefulness of the system to maintain independence
and prevent being relocated to a more restrictive environment. Families found the
system easy to use and were very satisfied. Building staff highly valued the water
overflow alerts and having an additional means to oversee residents’ safety that did
not increase their workload. NPs were non-adopters (feared information overload)
favoring personal interaction with residents to medication compliance monitoring.
End users favored passive alert notices (over proactively monitoring the website for
residents’ status), that were few in number, and valid. They did not want to monitor
the monitoring data and believed that accurate alerting was critical and achieved.
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By 2030 the number of Americans aged 65
and older will more than double to 71.5 mil-
lion or approximately 20% of the U.S. popu-
lation'. Between 2007 and 2015, Americans’
85 years and older, those considered most
at risk for chronic and acute care health
problems, will increase by 40%?. Although
vulnerable, research has consistently shown
that older adults in America overwhelm-
ingly prefer to remain living in their home
and age-in-place as independently as pos-
sible. Homes are modified to promote self
sufficiency and if this is not feasible elders
then seek non-institutional residences with
home like environments that enable them to
maintain their daily activities.

Given the increasing number of older adults
now seeking supportive housing, the mar-
ket responded by offering innovations in
elderly housing. Over two decades ago, US
major hotel corporations (Hyatt & Marriott)
were early entrants into this market, apply-
ing their hospitality model to residences for
older consumers®. Facilities were designed
with private residences and accoutrements
such as formal dining in restaurant-like set-
tings to clearly distinguish them from insti-
tutional models. As residents aged in place
these facilities were unable to accommodate
personal care needs. Thereafter the boom
in assisted living (AL) facilities developed.
The assisted living model embraces several
key components, namely: personal privacy
providing both private bedroom units with
small living spaces and larger public spaces
for socialization and shared meals and of-
fers elders choice and control over their
daily routines with specialized services to
help maintain elder functioning. There has
been explosive growth in this market and
currently there are 39,500 AL facilities serv-
ing 900,000 residents in the US?. For com-
prehensive coverage of ALl’s evolution and
contemporary critical issues the reader is
referred to two special reports in the litera-
ture*®. The latest type of elder housing to
evolve is Independent Living Residences
(ILRs). ILRs offer elders a more economi-
cal way to live in a senior apartment facility
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than AL. They accomplish this by not only
eliminating an entrance fee, but also by lim-
iting the services, not providing seven day a
week professional staff for twenty four hours
a day and relying on the elders to perform
their activities of daily living or manage with
help from their families and friends. How-
ever, helping elders remain independent
in the setting of their choice is a complex,
multifactor endeavor®. Anecdotal evidence
is growing that elders may appear intact
during ILRs pre-admission interviews but
upon relocation become confused. Others
as they age-in-place are at risk for physical
as well as cognitive impairments. Given the
limited staffing in ILRs, monitoring technolo-
gies may offer a means to oversee residents’
safety, but research is critically needed to
inform application development.

Previously this research team conducted
the first USA trials that successfully proved
the feasibility of using a completely wireless
remote elder monitoring system in ‘the real
world” that encompassed a variety of pri-
vate residential housing designs across New
England over a two year period”®. The WIN
system integrated X10 motion sensor read-
ings with cellular communications to link
via the Internet to the project’s Web server
wherein customized software algorithms di-
rected the monitoring aspects and posted
reports on the Website. Password approved
caregivers could log on to proactively see
and/or passively receive informational no-
tices via their cell phone, or computer. The
X10 sensors were readily available at a low
retail cost but they did require careful place-
ment away from magnetic electric fields to
ensure valid signal transmission. Unknown
but of research and practical interest was
whether this system could adapt to the
needs of elders in ILRs and function reliably
in that environment. We approached the ILR
research in three phases, each guided by a
research question:

Phase 1: What types of concerns do resi-
dents, their families, and staff have in ILRs
that might be addressed by our monitoring
approach?
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Phase 2: Would the density and electrical
complexity of the ILRs environment gener-
ate too much signal interference for the X10
sensors?

Phase 3: Could we adapt our system to tailor
to the concerns expressed by multiple types
of end users, manage huge volumes of system
data generated from 18 months of around the
clock postings without security breaks, post-
ing problems and invalid alert notices?

ILR HOUSING SITES FOR RESEARCH

The research occurred at three ILRs for peo-
ple age sixty and over residing in Massachu-
setts, USA. The facilities were all high rise
apartment buildings, each offering elevator
access to over three hundred predominant-
ly one bedroom rental units at an average
cost of US$1,200/mo for qualified low in-
come elders to US$1,960/mo market rate. If
two meals per day were included, the cost
would increase an additional US$450/mo.
Each apartment building offered a day-time
receptionist, activity staff, maintenance staff,
building manager, part-time nurse practi-
tioners for wellness management consults
and part-time social workers for counseling.
In the evening and weekends, an on-call
building superintendent covered the three
buildings and was the only staff person rou-
tinely available. Optional housekeeping and
personal care services were available at an
additional cost. The buildings were owned
and operated by the same non-profit organi-
zation that maintained an excellent reputa-
tion in the region for elder long term care
and their facilities were chosen as exemplars.
The research protocol was submitted both
to the investigators’ Institutional Review
Board for human subject study as well as
the housing sites’ research review commit-
tee and received dual approval before study
commencement.

PHASE 1-3 METHODS AND RESULTS

Phase 1: Concerns and monitoring needs
We used qualitative focus group methodolo-
gy with content and thematic analysis as our
approach. Bandura’s theory of perceived
self-efficacy provided the conceptual frame-
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work for the research by directing attention
to the key stakeholders’ understanding of in-
dependent living and behavioral responses
necessary to maintain elder independence’.
The analysis used a grounded theory ap-
proach, an inductive analytic method that
is guided by broad research questions de-
signed to stimulate discussion among the
focus group participants'®.

Focus groups

In total 26 participants were enrolled: 13 res-
idents of ILRs, 4 family members, and 9 staff
members. Overall, the average age of the
residents was 79, the majority was female,
widowed, and moved to the ILRs within the
last two years to be near family. The major-
ity of the staff was middle aged and female
except for the 3 building superintendents
who were males in their early thirties. Fam-
ily members included two adult children, a
brother, and a niece. Each of the subgroups
was interviewed in separate group sessions
that were audio-taped. On average the ses-
sions lasted approximately 1.5 hours and
were conducted in 2005. Participants re-
ceived a US$20 honorarium. Subsequently,
the moderator entered the transcribed data
into a computer assisted qualitative ana-
lytic program, WinMax-95. This program
facilitates standardized implementation of
qualitative analytic practices and systematic
analysis. Investigators searched for relation-
ships between categories and developed
concepts. Findings related to the tensions
that arise from differing expectations and in-
terpretations of the meaning of independent
living among the elders, families, and staff
are presented elsewhere'".

Technology related findings are reported
here and include staff requests for ways
to help new residents’ transition into ILRs,
mitigate their confusion or provide contin-
ued oversight if confusion persists. They
also expressed concerns about residents
who aged in place and became increasingly
confused over time. From analyses of their
concerns and insights into residents’ pat-
terns of confusion a Timing of Technology

Vol. 8, No 1



AT EASE m

onitoring

- Family &
Critical Result At 3 months Monitoring
Event
Staff Concern
New Re_sident Lingers or > T Conti_nue &
Relocation c Progresses Tailor
(o}
N
F
U »  Resolves > L » Discontinue
Existing ?
Resident,
L O
N
New Onset of 5 " Continue &
Symptoms L—p| Frogresses » T = Tailor

Commence Monitoring

Targeted Monitoring

Figure 1. Timing for technology in a cognitive concern model;

mission

°D. Mahoney, 2007 reprinted with per-

Model emerged that offers guidance to the
most advantageous implementation of mon-
itoring technology for new and confused
residents (Figure 1). The three month point
arose as the pivotal time to reassess ‘confu-
sion’ to determine whether it was a resolv-
able confusion or a progressive state in need
of monitoring. This model offers owners of
residential complexes a pro-active means of
responding to residents with confusion and
can serve to stimulate the market for this
technology.

Residents had more difficulty envisioning
personal usages for the monitoring tech-
nology but all could identify frail neigh-
bors whom they felt needed it. Families
expressed the desire for the technology to
let them know their family member was ‘ok’
when they wanted to know it without be-
ing ‘spammed’ or bothered by non-essential
messaging. At the end of the session, par-
ticipants viewed the system prototype and
provided positive feedback on the human
factors aspects and report elements, and
affirmed its user friendly aspects. We have
learned to readily build off our accumulating
knowledge of geriatric user friendly design
from previous evaluations. However, this
application was the first to triage messaging
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across multiple types of participants and we
needed to gain insights into the participants’
preferences for communication and design
accordingly. Message alert preferences var-
ied with families favoring cell phone mes-
sages, administrative staff preferring e-mail
messaging, and building superintendents
requiring paging notification.

Phase 2: Architecture, reliability & validity
The WIN system had already been designed
to address the major concerns from Phase 1
involving elder activity and event oversight
such as medication timing. The only concern
that arose from the focus groups that we did
not yet have was the capability to monitor
toilet overflows. Building superintendents re-
ported that elders were not used to the low
flow (1.3L) toilets and overflows occurred
commonly at a rate of 2-3 per month and
at a cost from US$8,000 to US$12,000, de-
pending on floor, subfloor, and damage to
the ceiling below. We tested several models
and finally were able to obtain a water sen-
sor that was interoperable with our system.

In prior research we had found that complex
regimens such as taking multiple pills at mul-
tiple times were an issue. We had managed
that in WIN by using a box we retrofitted
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to hold multiple sensors linked to sections
each holding a different medication. In this
project we piloted medication taking using a
video camera to record the event and linked
it to the end users’ website so an authorized
caregiver or nurse could view the actual
medication taking or retrospectively check it
when convenient. The data load and storage
for this streaming media was so high during
our 5 minute, 3 minute, and 2 minute test-
ing periods that it was only feasible to tape
for T minute. This did not guarantee that we
would capture the actual swallowing of the
medication, the activity we were most in-
terested in viewing. Therefore, we deferred
further video camera work until advances in
video technology and cost reductions make
it more practical.

Our prototype was pilot tested in our re-
search office, located in one of the senior res-
idences. We then conducted a second series
of testing in a vacant apartment to ensure that
the unit would perform accurately in the ‘real
world’. Motion sensors were placed in each
room and the hallway. We established a ‘pass
criterion” of 100%, for 1 week wherein we
triggered and tracked each sensor and its re-
ports multiple times to ensure signal validity
and reliability. The first three days of sensor
monitoring demonstrated report congruence
with our movement. Day 4 showed unex-
pected sensor signals in the bedroom. Day 5
we conducted a controlled movement study,
dual observing both our staff member and
the sensor recordings. Not only was the staff
members’ movement noted but also several
extraneous signals were again noted from the
bedroom. Our computer programmer ran a
signal diagnostic program for 24 hours and
the printout revealed 149 competing X10 sig-
nals! Further investigation found that signals
were being emitted from the buildings heat
and ventilation systems, wireless telephones
and microwave ovens.

Consequently we determined that our X10
wireless system would not be feasible for
use in this senior housing complex. We were
able to connect with a new vendor who
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developed the first Zigbee based commer-
cial remote home monitoring system in the
US. Zigbee is a wireless network protocol in
compliance with IEEE 802.15.4 specifications
that optimizes low cost, long battery life, reli-
able, and secure connections between de-
vices. Unfortunately the commercial system
did not allow the degree of tailoring that we
needed nor could it import our customized
software and algorithms. Consequently our
programmer had to write new coding to
configure this system which then required
debugging. We also tested the hardware ca-
pabilities such as the battery life of the new
lithium battery powered sensors and the ra-
dius of their signals to prevent overlap and
dead areas. We installed the Zighee based
test unit and repeated our validity and reli-
ability testing with 100% success; no signal
interference from any source. We subse-
quently converted and deployed the remain-
der of our systems using this platform.

Final system technology

The monitoring system consisted of motion
sensors in each room, an additional water
sensor in the bathroom, a system remote
to enable/disable the system, a processing
unit (with both Ethernet and Modem Net-
work Internet Connections (NICs), a Zigbee
computer interface and custom automation
software application to operate the process-
ing unit. Additional sensors available but
not desired by participants in this setting in-
cluded contact sensors for doors, pressure
sensors for beds and chairs, and appliance
on/off sensors. Each sensor was mounted
via a special non-damaging strip of remov-
able adhesive, activated by movement and
wirelessly transmitted its signal to a base
unit connected to a Personal Computer (PC).
Time delay between motion events was
set at 2 minutes. Motion data was sent to
the project server via the Internet every 15
minutes starting at the top of the hour with
alerts sent immediately. These parameters
were chosen based on prior experience,
system data management capacity, and bat-
tery life. The server processed and posted
the data to our Website reports. The water
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sensor consisted of a disc attached to the
bathroom floor and hard wired to a wire-
less sensor placed on the side of the vanity.
This sensor only transmitted if there was a
water overflow event. The system (resident)
status, based on level of activity registered,
was coded as: disabled intentionally = yel-
low, OK = green, watch = orange, and at-
tention = red. Algorithms tailored to the par-
ticipants’ concerns and residents functional
health status directed whether and when a
red posting would be converted into an alert
notice and to whom it would be sent.

Our system utilized remote embedded PCs,
off-the-shelf automation components, broad-
band Internet service, Windows XP/2000
server application and a web based applica-
tion with secured access for case manage-
ment of the home monitoring systems (Figure
2). Our service application received incom-
ing alert information from residences, up-
dated the Structured Query Language (SQL)
database with alert information, sent prior-
ity alerts to appropriate personnel or family
members through pagers and emails, down-
loaded new configuration parameters of the
systems and exported reports and data to
research staff. The Application Service Pro-
vider (ASP) web site provided a secure inter-
face to family members and research person-
nel and provided a configuration screen to
manage the residential monitoring systems.
Secure access to the application was avail-
able 24 hours a day and 7 days a week over
the Internet to valid system users, and was
easily accessed using the Web Browser. The
AT-EASE system baseline functionality was
derived from the WIN system hardware and
software. However, it shifted from central-
ized processing performed on the server
down to Central Processing Units (CPUs) lo-
cated in the residence. This move to distrib-
uted processing minimized the bandwidth
requirements for the Internet connection
between residence and the service provider.

Embedded window application
This residential automation processor is a
dedicated program operating on the embed-
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ded PC which operates as an automation
controller within the resident’s home. This
module was configurable and allowed the
service running on the server to push down
new configuration and alert schedules. This
module performed all logic and timing as-
sociated with the motion and water sensors.
After determining that an alert was required
the embedded application pushed up the
alert notification to the server. The embed-
ded application also performed system diag-
nostics and sent system status messages at
set intervals. This module allowed a broad-
band connection to the Internet.

Database application

This application consisted of security/system
login tables, alert/notification tables and res-
idential system/configuration tables.

Web interface application

This web application was client accessible
through web browsers. The application was
served through a secure HTTPS protocol
and had a Health Insurance Portability and
Accountability Act of 1996 (HIPAA) compli-
ant login structure. The security structure
provided the appropriate pages and controls
to the user after login. The application had
an automatic and manual logout feature and
was the main user interface for the system
and supported all the operator roles of the
system.

Phase 3: AT EASE intervention methods
Participants and study protocol

In Phase 3 we conducted a pilot interven-
tion study to test system operations using the
Independent Living setting and the AT EASE
technology described previously. Residents
and family members were recruited by post-
ers, presentations, and notices in their mail
about the study. In addition, the staff iden-
tified 20 residents with safety and health
concerns; and although they recommended
the project to them, 13 refused to consider
participation. The clinical staff reported that
the residents they knew had dementia were
in this group, which raises the possibility that
the families and/or residents did not want
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Figure 2. AT-EASE system architecture; °D. Mahoney reprinted with permission

a monitoring intervention out of fear of be-
ing identified as impaired and not suitable
for independent living. The project director
telephoned elders and family members who
signed our contact permission sheet and as-
sessed their eligibility. Participants were eli-
gible if they were residents, family members
of residents, or staff in the ILRs. Because of
potentially recruiting residents with demen-
tia, related ethical issues were addressed'.
We used Callahan’s et al validated Six-Item
screening tool to identify residents with cog-
nitive impairment and thus unable to con-
sent'®. Two residents failed the screening and
their legal guardians provided consent while
the elders gave their assent. Subsequently the
project director made an appointment for a
home visit to re-explain the study and obtain
written consents, administer the baseline in-
terview, customize the installation, and train
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the family member. Staff were consented and
trained separately.

Eleven resident-family member dyads were
enrolled and ten completed the study. One
dyad dropped out due to aggravation over
several aborted cable modem installations
by an outside vendor. Among the ten par-
ticipating dyads, there was no attrition over
the course of the study.

Measures and analyses

Baseline measures included socio-demo-
graphic characteristics of the residents and
family members. Measures of elders’ emo-
tional, physical health, and activity levels
were collected pre and post intervention.
Technology related outcomes included sys-
tem recordings of end user usage by feature
accessed. Alert validity was determined by
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the project director checking each alert with
the targeted end user to discern accuracy
and relevance. All end users were asked
(yes/no) whether the system addressed their
need(s), was intrusive, substituted for staff,
and rated on a 5 point scale (from 1 low, to 5
high), how satisfied they were with the tech-
nology and the helpfulness of the technol-
ogy training. In addition elders were asked
if it made them feel secure using a similar
rating scale. Family members also rated their
level of security and their worry/concern
level about their relative on a 1-5 scale. In
addition, family members were asked post
intervention about their willingness to pay
for the technology using four different price
point scenarios. Staff was queried about their
level of satisfaction and perception of this
technology increasing their workload (yes/
no). Quantitative analyses were limited by
the small sample size to descriptive report-
ing. Open ended comments about system
impressions are reported verbatim.

AT EASE INTERVENTION RESULTS

Sample characteristics

Overall there were 29 participants, 10 resi-
dents, 10 family members and 9 staff mem-
bers. Of the 10 participating residents, six
were female, all were Caucasian, their mean
age was 83 (range 70-91), and they were pre-
dominantly widows (n=7) who all lived alone
(n=10). They averaged 14 years of education
and the majority (n=7) rated their current
physical health only as fair, the remainder as
good. Psychologically the vast majority (n=9)
rated their emotional health as very good or
good. When asked about their health and
safety concerns all rated them as important
to very important to them. Overwhelmingly
(n=10) the primary reason for relocating to
these premises was to be near family after
loss of spouse.

Similarly, of the 10 family caregivers the ma-
jority (n=6) were female and all were Cauca-
sian. However, their mean age was 56 (range
40-76) and they were predominantly married
(n=8).They averaged 17 yrs of education, all
being college graduates, one with a Master’s
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degree and two held doctorates. The major-
ity were employed (n=9), in very good to ex-
cellent health (n=10), but less expressed very
good to excellent emotional health (n=7).
They were primarily the adult children of the
resident (n=6) or another blood relative (n=4).
They viewed the residents’ physical health as
good (n=5), fair (n=4) or poor (n=1), which
was lower than the residents’ self assessment.
Similarly they rated the residents” emotional
health lower than did the residents with only
three rating it as fair. The vast majority (n=9)
felt it was likely to possible that their rela-
tive would experience a serious illness or ac-
cident within the next year. Getting out of
bed, moving about the house safely and tak-
ing medications were their prime concerns.
No one reported concerns about bathroom
safety or meal preparation. They spent, on
average, half an hour a day checking in on
their relative by telephone or email. All re-
ported being highly skilled with computers.
The need for in person visits ranged widely
from none to 90 minutes per day.

Of the ten family members half (n=5) partici-
pated in the hands on twenty minute train-
ing given at installation by the project director
(PD) in their relative’s apartment and rated it
as very helpful. Four preferred a telephone
training session with the PD consisting of an
explanation of the user log-on, navigation and
review of the sensor information pages while
on-line at their home or work computers. Eve-
ryone rated the training time period as about
right. The majority (n=8) rated the system as
being very easy to learn, with one noting it as
easy and the one remaining family member
who had refused training reporting it as just
ok (n=1). None took advantage of the help-
line available during the course of project but
they rated it as helpful to offer but not neces-
sary because navigation was so intuitive.

Usage

Six systems were used over the course of the
18 month field period that included testing
and then implementation. Five of these sys-
tems were rotated among the 10 participants,
each of whom had a system for at least a four
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month period. The sixth system was used
continuously over the 18 months for testing
and monitoring system operations. Each sys-
tem recorded data from four motion sensors
placed in the residence according to desired
monitoring activities. Motion data was sent
to the project server every 15 minutes, start-
ing at the top of the hour. All activities picked
up by the sensors were recorded by the sys-
tem (Table T). Expected variation across resi-
dent activity levels occurred, however the
systems were consistent and accurate within
each residence: no ‘wild fluctuations’ were
noted in motion detection within or across
days throughout the intervention period. The
systems with the highest average readings
(Systems 2, 7 and 10) were located in resi-
dences with frequent regular visitors, who
added motion picked-up by the sensors. And,
the resident using System 6 had to be trans-
ferred to a nursing home, reducing the total
number of days this elder could be moni-
tored at home. System 7 was down for ap-
proximately 28 days, thus all of that system’s
data for the time period were dropped for
analysis. Sensors were also available to moni-
tor medication usage, but surprisingly none
of the 10 residents or their caregivers chose
to have this activity monitored. However, the
use (opening/closing) of a medication drawer
was tested at one residence (System 4) using
a contact sensor for approximately 100 days
of the intervention, successfully recording an
average of 7 events per day.

N
ES

o

12 noon

Number of Events (in thousands)
S

12 midnight

Day Part

Figure 3. Number of events (in thousands) across
24-hr parts

The AT-EASE web site enabled caregivers
to log-in (to a secure and password-protect-
ed page) to check the status of their fami-
ly-member’s sensors/activity and patient
records. In a post-intervention interview,
caregivers said they did not log into the sys-
tem very often. Half (n=5) reported visiting
the site less than once or twice a week. One
caregiver reported daily use of the website,
but others logged in less often (3-4 times a
week, n=2; 1-2 times a week, n=2). System
session records (Table 2) confirm these re-
ports, showing most caregivers did not log
in very often. Session records show that two
caregivers did not log-in at all, while five
others logged-in fewer than 10 times across
the four-month intervention. Three caregiv-
ers (using Systems 4, 9 and 2) logged in most
frequently. Virtually each time a caregiver
logged in, they clicked on the Activity View
and/or the Patient Summary pages.

Table 1. Average number of events per day by system; *= system down or sensor intentionally disabled

System #
Events
1 2 3 4 5 6 7 8 9 10
Residence average/day 160 298 173 146 146 221 279 160 186 288
Bathroom 12 40 72 26 16 7 14 22 29 49
Bedroom 54 122 24 43 56 50 105 60 23 46
Kitchen 52 80 50 34 3 89 24 22 47 67
Living room 42 56 27 43 71 75 136 56 87 126
Total days of intervention | 156 176 178 169 130 86 163 123 126 112
Days monitored 133 145 158 146 130 86 120 120 124 110
Days off line* 23 31 20 23 0 0 43 3 2 2
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Table 2. Caregiver log-ins to AT-EASE site and number of days viewed with marked motion sensor re-

port
Total  # of A .
System Log-ins  Days Description of log-ins
1 9 0 6 days in November
2 42 16 24 days November through March; reduction from once every couple of
days down to once a week; only once in February
6 0  In November, once in December; none in the following months
4 120 63 Almost daily in November, every 2 days in December; almost daily in
January, every other day in February; once in April. Caregiver loved
system - her husband was hospitalized with brain aneurism, she drove
her 3 children to school; would check on resident with PDA during wait
time. She was out straight, couldn’t get in to visit and felt bad because
she was aunt’s only living relative
5 4 0 3 daysin February
Twice in March
0  Caregiver lived only 2 blocks away and visited resident almost daily;
took him to adult day-care 3 times/week. She was single mother with 2
kids in school and worked as Real Estate Broker (no time to use system)
3 0 3 log-ins in June across 2 days
20 18  7-8 times in June and July; 3 times in August, once in September
10 0 o -

The graph in Figure 3 shows the total
number of motion events captured by the
AT-EASE system (for the ten residents in the
study) across hour parts (one hour each
across 24 hours). As an illustration of the
system’s accuracy, the linear pattern of the
graph follows closely what one might expect
across a typical day, with little activity in the
early morning hours, a steady increase from
6:00am through 10:00am, a slight tapering
around lunchtime, and a plateau in the af-
ternoon hours. We see a slight increase in
activity around dinnertime (5:00-7:00pm)
and then a steady drop in action as residents
head into bedtime.

Alert postings and accuracy

As Table 3 indicates the system tracks and
posts on the Internet both status indicators
and alerts. We found that about one-third
(33%) of the postings indicated that every-
thing was as expected or ‘OK’, half (52%)
triggered a watch state but only a minor-
ity (16%) proceeded to the attention level
which indicated an area of concern arose
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and was being monitored for progress to
an alert. As indicated on the table, for our
ten residents, each of whom was monitored
for four months, 5,304 postings were gener-
ated. The triggered alert notices sent to the
caregivers however, were only 189, prima-
rily generated by a global no activity by the
resident alert (n=50). We analyzed each of
the alerts to determine whether they were
spurious (0%) in error (0%) or true (100%).
True alerts reflected an accurate reason for
the trigger primarily low activity due to over-
sleeping, or forgetfulness to shut the system
off when hospitalized or away with family.
In addition three of the ten systems issued
a water alert, one each for: System 3 (sink),
System 9 (toilet) and System 7. This last water
alert detected water on the floor but the wa-
ter came from a toilet overflow in the non-
monitored apartment above. This was the
second instance this participant experienced
the neighbor’s overflow and it necessitated
relocation to allow for extensive renovations.
Water alerts went directly to the building
manager/superintendent.
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System effects per subgroup

Residents reported no change post interven-
tion on their assessments of whether the
system addressed their needs (yes), was in-
trusive (no), or would substitute for staff (no).
Unexpectedly, there was a categorical drop
from a pre-intervention of ‘strongly agree’ to
post intervention ‘somewhat agree’ that us-
ing the system made them feel more secure.
The data show that the participants had pos-
itive expectations, which is probably why
they enrolled, and while the intervention
met some it could not meet all of their secu-
rity needs because we had no visual compo-
nent to see if they were in need of assistance.

Family members reported a slight worsening
of their relatives’ health, a significantly dif-
ferent worsening of their emotional health,
and a slight increase in their level of concern
at post interview. The time needed to check
on their relative however decreased slightly.
And the major focus group issue of family
concern — whether their family member was
OK —moving about the house safely dropped
from a pre-concern worry rate of 50% to
20% post intervention. Of note, while there
were no changes from the pre-intervention
ratings of the system addressing their needs
(yes), being intrusive (no) or would substi-
tute for staff (no), within group changes did
occur. One respondent was more negative
post intervention while the others remained
the same or rated more positively. This re-
spondent became the outlier in the usage
analyses, reporting no worry about moth-
er’s safety, too busy to use the system, and
trouble navigating the pages; notably this
respondent had declined any training and
never used the help line. Interestingly, family
members’ level of security associated with
system usage did not significantly change but
their reporting of whether the system made
their relative feel more secure did drop from
somewhat agree to somewhat disagree post
intervention similar to the resident’s response.
Open ended responses indicated that fam-
ily members also desired to be able to see
if the ‘no activity’ alert was due to sitting or
sleeping too long or an injurious fall. Family
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members usage varied widely ranging from
one who checked daily, two who checked
3-4 times per week, two 1-2 times per week
and five less often. Only the one caregiver
mentioned above reported any difficulty in
performing the program tasks. The remain-
ing nine reported it was easy to connect to
the report page, read it, view details and log
out. Only two had changed the report and
alert times and also reported that easy to
do; the remainder did not use this function.
Open ended queries about unasked prob-
lems revealed that the server went down
occasionally and that then one couldn’t see
the day’s activities on the screen, and that
sometimes there was difficulty in going form
the Home page to the Activity page. The
former was known to us, the latter was not.
Caregivers, although they had the Project Di-
rector’s contact information, never reported
this problem. In terms of alerts, a small mi-
nority of (n=2) chose not to receive any. The
remainder chose to receive them by e-mail
notice, and all reported that the number was
just about right and were helpful.

Program satisfaction

Family members (n=6) who reported a good
to very high match with their relatives health
or safety needs correspondingly found AT
EASE very useful. Those reporting it was
somewhat (n=1) to not very useful (n=2) did
not see a match to their particular needs. “X
was hospitalized and when he came home
he had to have a homemaker who was in
the apartment almost full time so his daugh-
ter did not use system very often after that”.
“Health care worker [there now] every morn-
ing (bathing and dressing)”.

Overall, the majority (n=6) would recom-
mend AT EASE to other elders, the remain-
der felt it depends on the situation. Open
ended comments are reported in entirety
add further insight. Each quote represents a
different participant and they are classified
in three categories of impressions:

(i) On the positive side: “Alert was very help-
ful”. “Great to help elders stay in Independ-
ent Living in their own apartment longer”.

Vol. 8, No 1



Table 3. Detailed breakdown of total postings by system

Number of postings

c
2
o s
5 s 5 2 28 T E
= 3 = € £ 5% TS  Description -
< = = E = ° © <
< oo Z =
11 236 216 75 527 6 1 6red alerts on one day, sensors 1 day in
read about half the number of hospital
motion events as compared to
other days, especially in bathroom
2| 80 410 105 595 3 1 Motion sensor readings average; 3 At relative’s
red alerts on one day, 3 days after home
trigger
3| 42 534 56 632 9 3 Readings were very low on the 2" Visited
and 4%, no motion on the 3% red  family for
alert; 6 messages on the 1t day, holidays
followed by 1 and 2 on the follow-
ing days; 1 water alert
4| 209 309 186 704 0 0  Per request, no emails were sent to
caregivers
51| 151 274 95 520 0 0
224 84 36 344 5 3 Reduced activity in kitchen and Overslept

living room (1/3 of norm); 1 day

triggered only, all emails sent that

day

7| 311 154 79 544 70 12 No motion detected on noted days Forgot to
in April; red alert and 6 messages  shut off ;
sent each day (Soon after the sys-  moved to

tem was down for a number of new unit
days); Other notices in June across after flood
6 days; Water damage from unit damage

above (water alert); Couldn’t get

access to unit

8| 98 372 22 492 10 4 No report registering on sensors; 2 2 days in
days triggered; 6 emails sent same  hospital
day as first trigger; 4 emails sent

same day as second

9| 200 136 160 496 50 20  Minimal activity being sensed 2 weeks in
across all rooms; red alert and hospital,
emails sent (6 each day for 6 days, then reha-
then 1 each day for 14 days); sys-  bilitation;
tem then shut down at server until  system not
resident returned; 1 water alert shut off
10| 175 257 18 450 36 6 6 days with triggers; 6 emails sent  Overslept
same day of each; sensors did not  and low
record on September 17 and 18 activity

Tot.| 1,726 2,746 832 5,304 189 50
% 33 52 16

“Least intrusive with biggest gain in knowl- “Very satisfied with the program”. “Very
edge”. “Very helpful in providing oversight  pleased — could log on from any location;
and felt more secure with system in place”.  very willing to pay US$60/mo or more to
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continue with AT EASE”. “Didn’t log on very
frequently but the one alert received was
very helpful because brother had a serious
incident and | was able to respond”.

(ii) Neutral: “Useful in right circumstances”.
“Would like the system to include a tracking
device because [resident] tends to wander
at times”.

(i) Negative: “Not unless their relative had
less mobility or in poorer health ...or diffi-
culty remembering or taking care of herself”.
“Would be better for someone without daily
home health aide; no one to check on them
regularly”.

Half of the ten family members were willing
to pay US$60 per month to use the AT EASE
program, four at US$30 per month, and 1 did
not answer. We also queried to see if there
was interest in adding a camera feature and
if they would pay additional for it. Fewer
(n=4) agreed to do so at US$90 per month
and four agreed at costs ranging between
US$10-75 per month. Two did not reply.
And finally we offered an enhanced system
with interactive features and nurse oversight
at US$130 per month. This received support
by three family members, and greater inter-
est (n=5) at US$100 per month.

All of the staff rated their concern for resident
wellness and safety at a moderate level with
the majority (n=6) rating the AT EASE system
as high to very high in addressing their con-
cerns. We queried to see if the alerts would
be seen as adding work. Surprisingly, one re-
spondent reported that the system reduced
workload while the majority (n=8) noted no
change. Using this technology as a substitute
for staff was not of concern to any of the staff.
Staff also rated the system as non-intrusive
(n=6) or didn't know (n=4). The majority
would recommend this system (n=8) with
one maybe. Comments indicated the system
was one more measure of security for resi-
dents that the staff had concerns about.

DiscussioN
The Timing for Technology Model reflects
the findings from Phase 1 that not everyone
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wants or needs monitoring technology and
its utility occurs at specific time points. Other
researchers have noted an adaptive denial
that makes some elder interventions difficult
to accept'. The focus group findings indicat-
ed that a profile of the resident who would
most benefit from home monitoring would
be a recently relocated older adult and/or
one with new onset cognitive impairment
who exhibits forgetfulness, a proclivity to
fall, not take their medications, and/or walk
enough. Residents who indicate some type
of vulnerability or at-risk situation that gen-
erates family or professional caregivers’ con-
cern also fit the profile. It is at that point that
technology seems to become a favorable
means to allow / prolong independent living.

Medication taking devices claim to boost
compliance and allow elders to remain
in their homes. We found that although
medication taking was an issue, the clini-
cians preferred to do a personal visit that
not only encompassed the task of medica-
tion supervision but also allowed them to
integrate a personal assessment of other fac-
tors influencing health and well-being. This
is something technology cannot do at this
time, capture the gestalt that a provider in
a therapeutic long term relationship can
assess and detect that something is wrong
before biometric and/ or home monitoring
detection. Moreover, the clinicians reported
being overloaded by non-critical computer
messaging and did not want to add anoth-
er source of input despite our assurances
of only critical medication event reporting.
The water overflow issue, however, was
uniquely addressed by the water sensor at
a low cost and high convenience so that
has been strongly endorsed by the building
managers. A stand alone water sensor costs
less than US$100 creating a very positive re-
turn on investment

Those most satisfied with home monitoring
are end users who perceive a good fit with
their needs and if it addresses their concerns.
The majority of family and professional car-
egivers reported being very busy and pre-
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ferred a passive role depending on system-
generated alerts to notify them of variances.
Consequently, the multiple formats and
in-depth real time reporting features were
generally underutilized and future costs may
be lessened by not providing such details.
Technologists tend to relay as much data
as possible and caution is advised to know
your end users preferences'®'” and capac-
ity especially with dementia'®. Families ex-
pressed a willingness to pay but were sensi-
tive to price and feature offerings.

AT EASE advanced the field by being the first
study to implement stratified reporting of
residents” functional health and well being
data 24hours a day/7days a week to family,
professional and non-professional caregiv-
ers. We were the first to formally study and
report usage of the Zigbee wireless platform
for remote home monitoring and the first to
demonstrate the feasibility of incorporating
water sensors into activity monitoring. Al-
though not using personal health data, our
approach collected resident activity data via
the Internet, stored it and managed it over
the Web with on-line reporting and e-mail
notices that parsed different data securely
to varying levels of authorizations and can
serve as a model example to support secure
exchanges of health applications. It should
be noted that we also broke the commercial
barrier of two hour data transmission time
and report updating by lowering it to every
15 minutes, or essentially real time, critical
to water overflow alerts.

As more and different types of monitoring
devices become common, there will be in-
creasing competition for power sources, tel-
ephone line usage and compatibility issues.
In one resident’s apartment our system wire-
lessly connected to the Internet but needed
to maintain a power source while another
system in the same apartment transmitted
blood pressure readings via the telephone
line and also needed to be plugged into a
power source. The cleaning staff intermit-
tently used the same electrical sources for
their vacuuming. We identified a need to
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develop a method of remote system reboot-
ing to reduce the need for on-site visits. And
despite rhetoric of low power source de-
mands, battery life remained problematic.
Twelve month (expected life) lithium batter-
ies were used based on expectations of at
least six months of reliability. Yet, approxi-
mately 15% of motion sensor batteries did
not last the full 4 month operational period.

Future research

Retrofitting the residences, having to get In-
ternet installed by outside Internet Service
Providers, conducting screening visits then
visits to consent the participants all added
another layer and degree of artificiality im-
posed by clinical research. How different
would the situation be if the technology
was already installed and supported by the
housing facility in a situation where the resi-
dents’ cognitive impairment was known and
accepted? And when the field evolves to
make it realistic and affordable, large scale
evidence based outcome and cost effective-
ness studies are needed to inform health-
care and housing policymakers.

Conclusion

ILR monitoring technologies need to be
able to customize to the concerns of the
key stakeholders in order to promote adop-
tion and buy-in. Intervention data reveal
that participants preferred easily accessible
and readable reports, with passive observa-
tion and reporting. Users preferred few alert
functions, and limited but significant alert
notifications. They don’t want to monitor
the monitoring data and accurate alerting
is critical. Overall we found that tailoring
technologies to the resident and facility is
feasible and recommended. We also dem-
onstrated for the first time that stratified In-
ternet based reporting targeted to multiple
family and staff authorized end users was
achievable while maintaining confidentiality
and privacy. Given our trial TV monitoring,
we recommend waiting until the technol-
ogy has advanced in its broadband/Internet
and viewing tracking capacity and lowers
costs before it becomes practical enough
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for monitoring medication taking or specific
tasks on a widespread basis. The problem
of signal interference will only increase as
more products go wireless. Vendors of wire-
less technologies should be asked to report
on the sensitivity and specificity of their sig-

nals and related alerts. Testing in the “real
world”, in the situations the technology sys-
tems are designed to function in, was criti-
cal to detect and rectify wireless implemen-
tation problems, demonstrate validity, and
practical utility.
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