
CONTINUING EDUCATION
1.5 ANCC
CONTACT HOURS
Home Monitoring to Track Activity and Sleep Patterns
Among Older Adults
A Feasibility Study
Helen W. Lach, PhD, RN, CNL, FGSA, FAAN, Rebecca A. Lorenz, PhD, RN, Janice L. Palmer, PhD, RN, CNE,
Jantana Koedbangkham, PhD, RN, Wanida Noimontree, PhD, RN, GCN
Au
Bu
Lo
(D

Th
in

Co
M

Co

DO

6

Measuring changes in activity and sleep over time is impor-
tant for research and practice. While commercially available
home monitoring systems passively track these parame-
ters, the feasibility, acceptability, and usefulness of new
products need to be evaluated. We tested a commercially
available system for providing long-term data on activity
and sleep with 10 single women (mean age, 86.5 years)
who were monitored in their homes. Motion detectors, a
bed sensor, door sensor, and chair sensor were installed
for 3 months to collect data. Other measures, objective
actigraphy data from 1 week and self-report, provided data
for comparison. Sleep and activity data were similar across
measures; the most active participant had the highest
scores on all activitymeasures including sensor data. Partic-
ipants were generally positive about the monitoring system,
but participants varied in their awareness levels of the pres-
ence of the equipment. Use of the sensor systemwas feasi-
ble in this pilot study and acceptable to participants. The
study also illustrates challenges researchers can encounter
when working with a commercial company.
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ctivity and sleep are important outcomes in ag-
ing research related to physical and mental

1,2
A health, and quality of life. Accurately monitor-
ing changes in these parameters over a long pe-
riod is desirable to detect changes that might

indicate illness onset or changes in health. Early identification
of changes provides an opportunity to intervene and address
problems. To make long-term monitoring easier, new tech-
nologies offer passive methods, such as sensors to track older
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adults in their homes. However, evaluation of new technolo-
gies with older adults to determine feasibility and acceptabil-
ity is important.3 This article describes a pilot study to
evaluate a commercially available home monitoring system
to track activity and sleep in community-dwelling older
adults for use in future studies.

BACKGROUND
Changes in activity, especially declines, may signal health
events or problems amenable to interventions to keep older
adults engaged in physical activity.1 One such problem that
may affect activity level is fear of falling. Concerns about fall-
ing can cause older persons to excessively restrict activity, result-
ing in social isolation, physical and functional decline,
disability,4 and ultimately an increased risk of falling.5 Fear of
falling is associated with declines in life-space mobility6 and
daily activity7 in older people, but interventions are available
to help older adults remain active if a problem is identified.

Similarly, poor sleep in older adults is associated with neg-
ative health outcomes including morbidity and mortality,8,9

and affects up to 50% of older people.2 Researchers10 found
changes in sleep patterns an early indicator of illness. In ad-
dition, sleep difficulty has been linked to anxiety,11 functional
decline in older adults,12 and falls.13 Therefore, understand-
ing changes in sleep patterns over time is important for aging
research and practice, so interventions can be implemented
when needed.

Accurately measuring activity in older adults using self-
report questionnaires has limitations. One issue is recall bias,
considering the potential for short- or long-term memory
changes. There is no consensus among researchers regarding
how long the recall period should be to avoid problems.14

When measuring activity, self-report questionnaires are of-
ten insensitive to changes in activity levels in older adults.1

These questionnaires are often not helpful clinically, because
they do not reflect changes in activity levels from high to low
or measure restriction of activities. Early detection of changes
in activity reflecting the onset of disability are especially chal-
lenging, because they are gradual and insidious.15 Infrequent
measurement can cause researchers or clinicians tomiss the on-
set of activity changes andmake it difficult to determine causes.
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Finally, many activity questionnaires have a ceiling effect in sed-
entary older people. These questionnaires may ascertain
moderate- and high-intensity activities but often leave out
low-intensity activities.14,16 Older people tend to be more sed-
entary and domore low-intensity activities because of declines
in function.17

Self-report measures of sleep have similar limitations to
activity measures. For example, the Pittsburgh SleepQuality
Index (PSQI) is a widely used measure of sleep.18 However,
the PSQI includes questions about sleep over the previous
month, which has long been noted to create recall bias, mak-
ing it difficult to use the measure to identify changes over
time.19 These limitations in measures of both activity and
sleep support the need for objective measures to monitor for
changes that may indicate early onset of illness, improve
chronic disease management, and support aging in place.10,20

Actigraphs are wearable accelerometer-based devices that
have been used in research and clinical settings to measure
sleep and activity for decades.21 Accurate objective data can
be collected using accelerometry; however, there are limita-
tions to using this method over long periods of time. Most re-
searchers collect data over 7 to 14 days to obtain adequate
information about sleep-wake patterns.22 There are chal-
lenges with data collection,23 even over these short periods
of time.Wearing an actigraphy watch or device often requires
participant vigilance. Study participants may forget to wear
them, lose them, or get them wet, resulting in missing data
or damaged equipment.23 Some find the equipment uncom-
fortable. Often participants are asked to complete extra pa-
perwork daily while using actigraphy, such as a daily sleep
diary. As a result, use of accelerometers may be burdensome
for study participants over a long period of time.

Passive sensors that monitor physiological and sociologi-
cal data in the home have increasingly been used in aging
research as technology has advanced.24,25 Sensor-based mea-
surements are popular because they are more accurate than
self-report questionnaires in tracking activity and sleep
data.26,27 The passive nature of many sensor systems reduces
participant burden so that data can be collected longitudi-
nally, and researchers can explore changes in health out-
comes in older populations over time.28,29 However, even
this approach has challenges such as cost, privacy issues, an
overload of information, technical problems, and acceptabil-
ity of systems to older adults.24

Previous studies have explored the feasibility and accept-
ability of sensor-based monitoring systems with older adults.
In some studies, older adults reported concerns about being
monitored, including privacy,29 feeling controlled,30 and
skepticism about the usefulness of technologies, accuracy,
and uncertainty about what was being done with their infor-
mation.31 However, researchers also reported positive views
about being monitored. Some older adults liked the feeling
Volume 37 | Number 12
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of being monitored and the potential for improved safety,
especially if they thought it would help them maintain their
independence.30,32-34 However, sensor systems may have
different features, such as audio or video monitoring, motion
detectors, and bed pads that may affect perceptions.35 Re-
search indicates that technologies need to fit easily into older
adults' lives, and new systems should be tested with older
adults to determine acceptability and feasibility.3

Given the limitations of prior measures of activity and
sleep, using passive sensor systems to assess activity and sleep
patterns over time is attractive. But new systems must be
evaluated to determine acceptability and accuracy, as with
any new measure.3,24 As a result, this study was designed to
evaluate the feasibility of using a new commercially available
home monitoring system to collect passive data for future re-
search and practice related to sleep, fear of falling, and activ-
ity restriction. The aims were to determine acceptability of
the data collection system and feasibility based on our ability
to recruit and retain older adults in a long-term study. We
also explored the usefulness of the data from the sensor system
to monitor activity and sleep patterns for future research.

METHODS
This pilot study was a single-group descriptive observational
study to evaluate the feasibility of using a commercially avail-
able passive in-home monitoring system to track activity and
sleep patterns among community-dwelling older adults over
time. The sample was 10 older adults who lived alone in an
apartment or home. Older adult volunteers were included if
they were between the ages of 70 and 90 years, able to speak
and read English, and independent in mobility, and had ac-
cess to an electrical outlet for the monitoring system. Partic-
ipants could not have significant visual problems, cognitive
impairment, major medical conditions that would interfere
with general activity, a large pet, or plans for travel more
than a day or two during the study.

PROCEDURES
Participants were recruited from two senior apartment build-
ings and a community event. After obtaining institutional re-
view board approval, we gave presentations and recruited
attendees to participate in the study. Those interested were
later visited to discuss the study, determine eligibility, and ob-
tain informed consent. After agreeing to participate, we made
another appointment to obtain baseline data and install the
home sensors, which were left in place for 3 months. During
this visit, we oriented the participant to the equipment and
study and gave written instructions and contact information
for the research team in case of questions or problems. Partic-
ipants completed questionnaires and were given a 3-month
calendar. They were instructed to maintain their usual activ-
ities and record falls or absences from the home due to
CIN: Computers, Informatics, Nursing 629
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CONTINUING EDUCATION
hospitalization, travel, or other unusual activities on the cal-
endar. A research assistant remotely checked an online dash-
board regularly to monitor sensor functioning so that issues
with the sensor equipment could be identified. Additional
visits were made to address equipment issues at the par-
ticipant's convenience.

We also collected standard actigraphy and sleep diary
data for 1 week for comparison to the sensor data. Written
and verbal instructions on wearing the actigraphy watch
were provided by the research assistant to reduce participant-
related data problems, such as removing the actigraphy watch
and forgetting to use the watches' eventmarker to note bedtime
and morning rising, as these events introduce artifact into data
measurements. Finally, we interviewed participants when the
data collection was completed. We provided a $25 monetary
incentive at the end of the actigraphy data collection week
and again after completion of the follow-up interview.

MEASUREMENT
Baseline data included demographic variables of age, gender,
race and ethnicity, educational level, and number of chronic
diseases. Participants were asked the amount of difficulty they
had performing six activities of daily living and nine instru-
mental activities of daily living using a 4-point Likert scale
from “no difficulty” to “unable to do the activity.” Participants
rated their fear of falling on a scale of 0 to 10, with 10 indicat-
ing the highest level of fear.

Health status wasmeasured using the 12-item Short Form
Health Survey (SF-12)36 providing a mental health compo-
nent score (MCS) and physical health component score
(PCS).36,37 The SF-12 questions are derived from the Short
Form-36 Health Survey (SF-36) for measuring health-related
quality of life.37 Scores of 50 indicate population mean scores,
with higher scores indicating better health. The SF-12 PCS
and MCS subscales predict scores on the PCS-36 (R2 =
0.911) and MCS-36 (R2 = 0.918) in the general US popula-
tion (N = 2333) with a 2-week test-retest reliability of 0.89
and 0.76 for the PCS and MCS subscales, respectively.37

To evaluate activity participation, we adapted the self-
report Activity Checklist.38 This questionnaire measures ac-
tivity retention calculated as a proportion of the individual's
current activity compared to their prior activities. This ap-
proach avoids penalties for activities not of interest. Due to
the long length of the original checklist, the 55 items were
compared to the activities in the Community Healthy Ac-
tivities Model Program for Seniors Questionnaire.39 In ad-
dition, responses on the checklist from prior studies were
reviewed. The activities were reduced to a final list of 40
items including social, sports, leisure, home maintenance,
and physical activities. From the list of activities, participants
reported if they had ever done the activity and if so whether
they continued to do it. Further, participants noted whether
630 CIN: Computers, Informatics, Nursing
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they do an activity more, less, the same, or if the activity had
been discontinued. The activity score is a percent, compar-
ing current activities to prior total activities.38

Self-reported sleep quality was assessed using the PSQI.18

The PSQI, a self-administered questionnaire, includes 19
items to be answered using event-frequency and semantic
scales. The instrument looks at seven areas: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency
(the ratio of total sleep time to time in bed), sleep disturbances,
the use of sleep-promoting medication, and daytime dys-
function. Scoring of answers is based on a 0- to 3-point scale,
whereby 3 reflects the negative extreme on the Likert scale.
A global sum of 5 or greater indicates “poor” sleep quality.
The PSQI has internal consistency and a reliability coeffi-
cient (Cronbach's α) of .83 for its seven components.18 The
instrument takes approximately 5 to 10 minutes to com-
plete.40 For this analysis, we report on sleep quality and time
in bed from the PSQI.

TheMotionWatch 8 actigraphy (CamNtech, Boerne, TX)
was used to measure sleep and activity patterns over 1 week
using accelerometry. The MotionWatch 8 is a small water-
proof device, approximately 36 � 28.2 � 9.4 cm, worn on
the wrist. It contains a triaxial accelerometer sensor, an inte-
gral light sensor (0–64 000 lux), and 4-Mb nonvolatile mem-
ory. The sensitivity of the actigraphy is optimized for highly
effective sleep-wake inference from wrist actigraphy, which
has been previously validated and approved by the American
Association of Sleep Medicine as an outcome measure for re-
sponse to therapy among persons with insomnia.41 Researchers
found the MotionWatch 8 reliable and valid for examining
sleep and activity in older adults.42–44 Data were collected for
7 days at baseline and at the end of the 3-monthmonitoring pe-
riod. While wearing the actigraphy watch, participants filled
out a daily sleep diary, noting when they went to bed and when
they got up to inform data analysis.

MotionWare Software, the companion software for the
MotionWatch 8, was used to analyze actigraphy data to gen-
erate reports on a variety of activity and sleep variables. Var-
iables were calculated for each day the participant wore the
MotionWatch 8 and averaged across all days. The sleep var-
iables selected for this study include total sleep time, sleep
efficiency, and time in bed. The activity variable identified
was the average daily total number of minutes per day spent
in sedentary, moderate, or vigorous activity, which was used
to calculate the average percent of the day the participant
was active.

The commercially available home monitoring sensor sys-
tem BeClose (Alarm.com, Tysons, VA) was developed to re-
motely monitor home activity by engineers, who consulted
on development of this project. The system includes a base
station that is plugged into an electrical outlet to collect and
send data to the home company via cell phone lines (cell
December 2019

ealth, Inc. All rights reserved.

http://www.Alarm.com


Table 1. Baseline Characteristics of Older Adults in the
Home Monitoring Study

Variables Results

Age, mean (SD) (y) 85.2 (2.17)
Gender

Female, n (%) 5 (100%)
Race/ethnicity

White, n (%) 5 (100%)
Educational attainment, mean (SD) (y) 14.4 (2.61)
Chronic diseases, mean (SD) 5.8 (2.95)
ADL, mean (SD) 7.5 (1.29)
IADL, mean (SD) 10.75 (2.87)
SF-12

MCS, mean (SD) 57.38 (4.14)
PCS, mean (SD) 40.05 (10.08)

Fear of falling rating, mean (SD) 5.6 (1.34)

Note.ADL range 6–24, with a higher score indicating greater difficulty; IADL
range 9–36, with higher score indicating greater difficulty; MCS range 0–100,
with higher score indicating greater mental health status; PCS range 0–100, with
higher score indicating greater physical health status.
phone not required). Sensors included three motion detectors
that were fastened to walls or doors using no-stick tape in the
kitchen, bathroom, and hall or entrance to the living room
area. A bed pressure sensor pad (12 � 18 inches) was placed
under the mattress pad or sheets, and a chair pressure sensor
pad was placed in the most-used chair under a cushion or
pad. An exit sensor noted when the door to the apartment
was opened and closed. We confirmed functioning of the sen-
sors from an online dashboard three times per week. Activity
variables generated by the sensors were provided as daily av-
erages for the sensor triggers: kitchen activity, bathroom activ-
ity, hall activity, entry/exit activity, and a total daily activity
measure (mean compilation of all triggers of motion detectors
and door sensor). The chair sensor provided time on the chair
inminutes. Sleep was provided as a time in bed variable based
on time on the sensor pad, in minutes.

An experienced qualitative researcher conducted a brief
structured follow-up interview with each participant to deter-
mine acceptability of the study. Using descriptive qualitative
methods,45 participants were asked about their perceptions
of having the sensor system in their home and being moni-
tored. Interviews were recorded and transcribed verbatim.

ANALYSIS
Baseline characteristics of the sample were compiled using
descriptive statistics. We explored feasibility based on our
ability to attain recruitment goals and retain participants
for the 3 months of monitoring and research staff comments
regarding the data collection process. Acceptability was de-
termined by examining retention as well as input from
follow-up interviews. Interview data were analyzed to de-
scribe participant awareness of the monitoring system during
the study, including any positive or negative experiences with
the system and any impact of being monitored.45

We planned to use algorithms with the sensor data to
compute a variety of activity and sleep variables to compare
these findings with self-report questionnaires and actigraphy
data. However, the company providing the sensors and data
was sold during the study, and staff from the new company
deleted some data or moved the sensor data where it could
not be retrieved. As a result, we were only able to obtain
summary data on some of the sensors for five study partici-
pants (54 days of sleep data and 73 days of activity data).
We used the data that we could obtain to identify variables
to compare with our other data as a rough measure of con-
vergent validity. A total activity variable was provided and
visually compared with the two other activity variables with
similar metrics: self-reported activity level (percent current
activity) from the Activity Checklist and actigraphy-measured
activity (percent of the day active). Time in bed was available
from all three data sources, and self-reported (PSQI) time in
bed was visually compared with the actigraphy report of
Volume 37 | Number 12
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average time in bed and the sensor-measured average time
in bed.

RESULTS
Ten women were originally enrolled in the study. Nine were
white and one was African American, with a mean age of
85.67 (SD, 5.10) years. One lived in a house, and the rest
in apartments. One participant withdrew because she had
to leave town for several weeks due to a family issue. Sensor
data on four participants were not available, so five partici-
pants were included in the quantitative analysis (Table 1).
These five remaining participants were white and female,
and the mean age was 85.2 (SD, 2.17) years, and they lived
in apartments.While participants had little difficulty with ac-
tivities of daily living (ADLs), they noted greater difficulty
with instrumental activities of daily living (IADLs). Four par-
ticipants (80%) reported fear of falling, with a mean score of
5.6 out of 10 (SD, 1.34) indicating moderate fear. On aver-
age, the participants demonstrated above average mental
well-being, but below average physical health status.

Activity and Sleep Characteristics
From the Activity Checklist, participants reported retaining
34 (75%) of their prior activities (Table 2). This indicates
participants had given up a significant number of things they
used to do. Activities most often given up were those that
were more physically demanding, such as sports. The average
activity per actigraphy was 343 minutes per day (5.7 hours).
Most of the time was spent doing sedentary activities, which is
characterized by energy expenditure ≤1.5 metabolic equiva-
lents.46 The sensor data provided total counts from triggers of
CIN: Computers, Informatics, Nursing 631
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Table 2. Activity and Sleep Characteristics of Participants

Participant 1 2 3 4 5 Average

Activity Measures
Self-report
Modified Activity Checklist 0.61 0.55 0.42 0.75 0.34 0.53

Actigraphy
Average daily activity (min) 382 262 298 389 383 342
Percent of the day active 26.5 18.2 20.7 28.0 26.6 24

Daily sensor counts
Kitchen activity 12.7 8.2 6.1 10.2 9.3 9.3
Bathroom activity 10.1 8.1 6.00 12.1 7.8 8.8
Entry/exit 9.0 7.3 7.4 13.9 6.3 8.8
Total activity (all sensors) 57.7 55.2 40.1 64.4 34.0 50.3

Sleep Measures
Self-report
PSQI total score 4 3 5 9 3 4.8
PSQI time in bed (min) 495 555 465 525 420 492

Actigraphy
Total sleep time (min) 494 472 463 430 348 444
Sleep efficiency (%) 90.3 88.1 87.5 83.0 87.6 88.3
Time in bed (min) 547 536 529 517 490 523.8

Sensor data
Time in bed (min) 40.4 555.5 556.8 461.7 561.5 435.2

Note. PSQI: a total score of 5 or greater is indicative of poor sleep quality. Modified Activity Checklist score percent represents present of prior activities
retained.

CONTINUING EDUCATION
the motion detectors in the hall, kitchen, and bathroom, and
the door (entry/exit) sensor for a total activity count. The num-
bers were consistent across participants, as were the other
activity measures.

Based on the PSQI, most participants reported that the
quality of their sleep was good. Participant 4 had poor self-
reported sleep quality (Global score = 9) and the lowest sleep
efficiency (83%) by actigraphy, which may indicate that this
person was staying in bed longer to try to get more sleep.
The objective measures of sleep provided by actigraphy indi-
cated that four of the participants had good total sleep time
(>7 hours per night on average). The sensor data recording
of time in bed were consistent across the participants, except
one participant who removed the bed sensor because she
found it uncomfortable.

Comparison of Self-report, Actigraphy, and Sensor Data
Visually examining the three activity scores for each partici-
pant (Figure 1), the most active participant had the highest
scores on all three measures. This pattern was not consis-
tent across all scores, but the sensor and self-reported acti-
vity scores were similar across participants, from highest to
lowest. Actigraphy indicated that these participants were
only active for 18% to 28% of the day. Participant 4, who
retained the highest number of her prior activities, had the
most minutes of activity and the highest total activity counts
from the sensors.
632 CIN: Computers, Informatics, Nursing
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When time in bed was compared across the three mea-
sures (Figure 1), the self-reported PSQI provided the longest
time in bed for two of the participants (19 and 8 minutes)
compared to actigraphy. The PSQI and actigraphy showed
shorter time in bed for three participants compared to the
sensor (range, 0.5-213.5 minutes). Participant 1 had very lit-
tle time in bed as measured by the sensor because the bed
pad was removed due to discomfort. In general, actigraphy
provided lower estimates of time in bed when compared to
sensor data in every participant.

Feasibility
All but one of the 10 study participants completed the
3 months of sensor monitoring. She dropped out due to leav-
ing town for an extended period because of a sick family
member. Another participant was dropped before the final
interview because she was hospitalized after the data collec-
tion and had no recollection of the study or monitoring equip-
ment, possibly due to a delirium episode while hospitalized.
The most successful recruitment method was presentations
to groups in senior apartments and word of mouth at these
facilities. Flyers were not effective. The installation of sensor
equipment was simple, and we did not have any issues with
wall damage from equipment due to the current availability
of strong nonstick tape.

A few challenges were noted. We had to buy some addi-
tional equipment for the study, including surge protectors
December 2019
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FIGURE 1. Average activity and sleep variables by participant.
to make additional electrical outlets available for the base
stations. Other materials purchased included mattress pads
to increase comfort of the bed sensor and chair pads for those
whose chairs did not have a removable chair cushion. Track-
ing the sensor function was not difficult. The research assis-
tant checked sensor functioning every 2 to 3 days via the
dashboard and recorded any problems. A few participants
had concerns or questions about equipment and equipment
issues. We addressed issues when they came up, made home
visits, and maintained a functioning monitoring system over
3 months with moderate effort.

Participant Experiences With the Monitoring System
Eight participants were interviewed about their experiences
with the monitoring equipment to allow for evaluation of
acceptability. Their comments diverged on whether or not
they noticed the sensor equipment. Two participants reported
Volume 37 | Number 12
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that they quickly and easily forgot about the equipment. One
participant did not notice the motion detectors on the walls
after the first week or two but found the bed and chair pads
“irritating” for the remainder of the study because they kept
moving around and needed to be repositioned.

Those who remained aware of the system had a range of
experiences from noticing the equipment most of or all the
time and finding it bothersome, to noticing it but not finding
it bothersome. One participant reported that she often
thought about what the researcher would think about her
frequent trips to the bathroom or kitchen, and she intention-
ally decreased trips to these locations. She said the monitor-
ing system “was always on my mind” for the duration of the
study. Another participant reported similar concerns and
that she too changed behaviors and routines because of
the monitoring equipment. For example, she reported, “I
wouldn't sit on the bed to put on my shoes. I would sit on
CIN: Computers, Informatics, Nursing 633
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CONTINUING EDUCATION
the end of the bed, so they wouldn't think I was in the bed”
and “…I was just conscious that it was there and it would re-
cord every time I walked in and out of a room. You know,
sometimes I would avoid it by not going into the room.”
For this participant, awareness of the equipment lessened
after the first month.

Another participant found the bed pad to be uncomfort-
able. The first bed pad was replaced, but the discomfort con-
tinued, so finally the bed pad was removed. She reported she
was aware of the remaining equipment but did not find it
“disturbing” in any way. In another participant, the equip-
ment served as a prompt to move more, which she saw as
an “advantage.” She reported, “I read a lot and I curl up
with a book in a place for several hours at a time, and I think
that knowing the monitor was there helped me to get up and
do exercises and move around.”

One participant was aware of the monitoring equipment
the entire study but did not find it bothersome. It is worth
noting that the participant who seemed to find the system
the most bothersome reported she would do another moni-
toring study if asked because “it is time to give back. I think
if they can learn something to help others, I'm there
for them.”

Several participants also reported concerns about poten-
tial compromises to the data with the presence of other indi-
viduals in their homes. One participant said, “The only time
I was a little worried about it was when my three great
grandchildren were here and I was watching them and they
are rather active. They are 2 and 3.” Another participant
had a dog visit her. Adult children and other familymembers
or friends also visited participants during the study. Some vis-
itors noticed and inquired about the equipment, but this did
not affect participants' interest in being part of the study.

DISCUSSION
The ability to track activity and sleep over time is an impor-
tant goal for research and practice.20 We found the home
monitoring system feasible to use over 3 months and accept-
able to participants with a few minor exceptions. The system
was relatively easy to set up, use, and track functioning. We
identified areas to enhance participant orientation to the sys-
tem and follow-up procedures that would strengthen a fu-
ture study. The data collection would have generated a
significant number of person-days of data if we could have
retrieved it all, but we only received a portion of the data.
This limited our ability to examine the data from the sensor
system or conduct a rigorous analysis of the findings. However,
we could provide preliminary findings that suggest that the
data obtained from the sensor system would generate scores
that would be interpretable to evaluate changes in home ac-
tivity and sleep over time. Our experiences may be helpful to
researchers exploring new sensor systems.
634 CIN: Computers, Informatics, Nursing
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The participants in this sample were somewhat frail with
minimal average activity time each day as measured by actig-
raphy. We recruited mostly participants who lived alone in
apartment buildings. These buildings provided meals, which
may attract older adults with low functional levels who are
seeking a supportive environment. We did find that partici-
pants spent a fair amount of time in their apartments. Further
study with older adults in a range of living situations andmore
variable levels of activity would provide more information on
the utility of this data collectionmethod. If participants spent a
lot of time away from home, this kind of systemmight not pro-
vide enough information. An important question to explore
is whether a home-based system provides adequate activity
data, or if a wearable device is needed that would capture
activity outside the home as well as at home.

While one participant reported a high level of sleep diffi-
culty, they all had adequate actual sleep of at least 7 hours2

as measured by actigraphy that varied from time in bed. In
interpreting our sleep findings, it is important to note that
not all time in bed is spent asleep. Actigraphy estimates sleep
from a lack of movement, not time lying down on the bed,
which is measured by the sensor estimate and PSQI ques-
tion. We found a difference between sensor-measured time
in bed and actigraphy sleep, but differences between sensor
time in bed and PSQI time in bed were only 3 to 7 minutes
(although there was a substantial difference in one partici-
pant). This could be due to recall bias, yet the differences were
close (minutes), indicating that the passive sensor measure-
ment approach could be useful in the home environment. Al-
though to our knowledge we are the first to compare time in
bed across measures, these findings are consistent with those
of other researchers who compared self-reported and objec-
tively measured sleep time46 and sitting time.47 These findings
suggest that time in bed may be best measured using a
bed sensor.

During follow-up interviews, participants reported a range
of perceptions of the monitoring equipment, with some aware
of it for the duration of the study, others not as much. For ex-
ample, researchers30(p48) found that participants “positively
valued sensor monitoring equipment” as a safety mecha-
nism that promoted ongoing independent living. Also,
three themes emerged from a qualitative study of older
adults' and caregivers' perspectives on home monitoring
equipment in another study35: “feeling cared for,” “feeling
cared about,” and “suggestions for change.” One of the sub-
themes to “suggestions for change” was “do not use a moni-
toring system on me.” A few participants preferred privacy
to monitoring. Our study demonstrates that for some a mon-
itoring system is intrusive and bothersome, and they too
would likely not want a monitoring system used on them.
We would strengthen participant orientation to the monitor-
ing system, because some of their concerns were unfounded.
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It is important to check back frequently with participants in
the first weeks to ensure participant comfort and explore
concerns. In addition, we would encourage participants to
maintain their regular schedule.

There are challenges in using commercial products for re-
search purposes. While these products are attractive because
researchers do not need teams of engineers to build sys-
tems from scratch or create algorithms to analyze massive
amounts of data, control over the system is limited. Products
can bemore lucrative in the commercial arena than research
arena, so startup companies may be sold, as happened with
our partner company. Based on the experiences from this study,
we encourage further exploration of the usefulness of home sen-
sormonitoring for research purposes. Also, caution is advised in
determining which system to use for future research studies.

Overall, actigraphy monitoring using MotionWatch 8
was acceptable to participants in our study and has been suc-
cessfully used by other researchers to estimate sleep42 and
activity.43,44 As a result, intermittent actigraphy monitoring
may be an alternative to using home sensors. Researchers
could compare the benefits of quarterly activity and sleep
monitoring with actigraphy compared to constant sensor
monitoring to see if adequate information can be gained.
New technologies are continuously being developed, and re-
searchers will have to evaluate the pros and cons of various
data collection methods to determine which will give them
the information needed to answer the questions in their
research studies.

Maintaining adequate levels of activity and sleep is an im-
portant goal for health and quality of life in our older popu-
lation. Finding ways to track these parameters and intervene
when problems are identified will continue to be goals for
health professionals. Passive sensors show promise for moni-
toring of activity and sleep, and continued research is needed
to find the best methods and systems to help researchers and
clinicians promote healthy aging.
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