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Smart environments are being developed to support older adults aging in place. However, the design
contributions of the older users have not been explicated. The purpose of this review of literature was to
determine how older adults’ ideas are being incorporated into the design of smart environments.
Twenty-one research articles, incorporating older adults’ preferences into the design and evaluation of
smart environments are presented. Although only one study was found that used findings from older
adult focus groups in the design and development of their system, the findings indicate that older adults
are open to living in technically advanced environments if doing so would improve their quality of life
and help them stay in their own homes, and that incorporating older adults ideas about smart envi-
ronments improve the desirability of smart homes.

� 2013 Mosby, Inc. All rights reserved.
As the world population ages the number of older adults with
chronic health problems is increasing. Chronic health problems can
lead to altered functional ability and decreased ability to age in
place. One study has indicated a significant decrease in ADL func-
tion within the community dwelling older population during the
first half of this decade.1 Smart environments, homes that use
technology to be actively prosthetic, may be an option to help older
adults stay in the residence of their choice. Recently there has been
a dramatic increase in the research on smart environments to
support aging in place.2

Engaging older adults and their caregivers early in the design
process of smart environments is crucial to developing systems
that will have the features that are deemed important by the
users. Creating technology that is beneficial and useful; easy to
access and use; fits the older adults’ daily routine and time
constraints; and engages older adults in activities that promote
independence and aging in place should be a primary goal of
creating smart environments. To be most effective, elder’s
participation should occur early in the design process, before the
system is developed so that the system design promotes use by
the elder and informal caregivers.3 This review was designed to
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answer the question “How have older adults preferences been
incorporated into the development of smart home technologies
to support aging in place?”
1. Background

A smart home is an environment that uses “information-based
technologies that collect and share resident information [regarding
his or her health and function] with the resident and their [formal
and informal] care providers”.4(p76) Smart homes can “enhance the
safety of [people] at home andmonitor health conditions”,5(p88) and
“should enhance the independence and improve the quality of life of
residents”.5(p89) Some smart environments have the ability to
predict normal and abnormal behaviors and then alert users and
caregivers of potentially dangerous behaviors.6 Unlike most current
safety technologies for older adults, which require the user to
initiate the system, the smart home can interpret the individual’s
needs and execute actions to avert problems independently.7,8

Generally, smart environment technology is incorporated into the
infrastructure of the residence, either at the time of construction or
by retrofitting. It does not require action by the resident and in fact,
can provide information to the resident about their performance.
However, as smart phones are becoming ubiquitous, the hand held
technology is increasingly incorporated into the smart environment.
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Fig. 1. Search path.
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Thus far, smart technologies have largely been focused on
emergency help, fall detection, physiological monitoring, cognitive
reminders, and medication management.4,9 Relatively less atten-
tion has been given to technologies that can enhance social inter-
action,8 although some work has been directed at enhancing social
networks10 and providing peace of mind for informal care
providers.11 An additional approach has been to include access to
online games3 such as crossword puzzles to challenge the user
cognitively.

As noted above, most research on smart homes has been
focused on supporting older adults with non-specific physical and
health changes occurring in old age. However, the Intel Proactive
Health Research group has taken a different approach. In their lab
they have focused on providing smart support for individuals who
have one or more of three specific health problems: cognitive
decline, cancer, or cardiovascular disease.12 Their long-term goal is
to develop “personal wellness systems”.12(p34)

Throughout the United States and across the world, there are
many demonstration projects for smart technology. In 2008,
Demiris and Hensel8 identified 21 smart home projects throughout
the world. Most of the projects included technology for functional
monitoring (71%), safety monitoring (67%), physiological moni-
toring (47%), cognitive support (43%), security (19%), and social
interaction (19%).8(p33) The projects reported here include: Tiger
Place an assisted living facility at the University of Missouri,
Columbia; the Georgia Tech AwareHomeProject; the ASSIST project
University of Massachusetts Amherst; the Point of Care Project at
Oregon Health Sciences University, the Gator-Tech Smart Home at
the University of Florida, a free-standing single family home near
the U. Florida campus; the Smart Medical Home at the University of
Rochester, as well as work at the Massachusetts Institute of Tech-
nology and Carnegie Mellon University in Pittsburgh.

2. Methods

In order to obtain a representative sample of the research incor-
porating older adults’ preferences into the design decisions for smart
environments, databases in healthcare, science, and engineering
were used. PubMed, CINAHL, Engineering Village, and ISI Web of
Knowledgewere searched forarticleswrittenbetween1990and2012
using the keywords “older adults,” “technology,” and “function.” The
key words selected were deliberately broad in order to identify the
largest possible sample. Included articles met the following criteria:
the article was focused on creating smart environments in home
settings and older adults’ participated in the design process. Articles
were excluded that did not include older adults in the design and
development of the smart environment, were focused on laboratory
science developing the technology for smart environments, research
focused on creating assistive environments for individuals with
dementia, or for institutional environments suchasgeriatrichospitals
is outside the scope of this review.

Initially, 650 titles were identified for potential inclusion. The
primary author and a research assistant read and discussed each
title. Articles in which the title did not focus on smart home envi-
ronments for older adults were excluded. The next step involved
reading and discussing the abstracts of the 79 articles that seemed
to meet the inclusion criteria. Again articles that did not match the
purpose of discussing older adults participation in the design
process were excluded. Participationwas defined as: engaging with
the scientists during the designprocess to provide feedback as to the
usability and desirability of the smart environment. The remaining
39 articles were read, discussed, and the reference lists were
reviewed for additional articles. Of these articles, 20 did not meet
the inclusion criteria. Two articles were added from the reference
lists of these 39. The final sample included 21 articles (Fig. 1).
3. Results

In the research presented below, interdisciplinary teams of
scientists conducted research focused on older adults’ responses to
smart environments. The research teams included computer
scientists, nurses, social workers, psychologists, physicians, engi-
neers, and others. The results are organized according to the type of
participation of older adults in the design process, from least to
most involvement in the actual design of smart homes. First,
research that sought older adults’ preferences for types of tech-
nology will be presented. This will be followed by research inwhich
older adults provided design feedback on smart systems and
components, and finally evaluation of smart technology in actual
use clinical trials.

3.1. Older adult’s preferences related to smart environments

The teams of scientists developing smart environments recog-
nized the need to make the environments user friendly to the older
adult user. They used several strategies to elicit preferences
regarding the technology from older adults. For example, using
a Delphi technique, Demiris13 compared the attitudes of 48
community dwelling older adults and 53 smart environment
experts to determine the similarities and differences in the defi-
nitions of shared decision making and independence in the context
of smart environments. Older adults expected to be active partici-
pants in the design and ongoing implementation of the smart
environment in which they would live. The older adults wanted to
share decisions regarding,“when they are being monitored and
who to share data with”.13(p6434)

In another recent study Caine and colleagues14 evaluated the
preferences of 25 older adults in relation to visual sensing systems.
After giving older participants a tour of the Georgia Tech Aware
Home, the older individuals participated in a structured interview
to ascertain preferences in relation to visual monitoring in 12
scenarios. The findings indicated an inverse relationship between
the clarity of the visual monitoring and the function of the indi-
vidual in the scenario. The higher functioning the individual, the
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more obscured the older adults preferred the video picture. In
individuals with lower functioning, the older adults were more
willing to tolerate clearer video pictures used for monitoring.

3.2. Components of smart environments

Several studies have been conducted to determine older adults’
preferences with respect to the components of smart environ-
ments. The usual method to determine these preferences was to
demonstrate a component of the system and solicit reactions of
groups of older adults. Ten articles in the sample were focused on
older adult’s preferences. The majority of these studies (n ¼ 7),
scientists employed focus group methodology4,5,7,9,15e17 with
three or four small groups. Others18,19 used individual interviews,
and a one team used a combination of interviews and mailed
questionnaires.20

Courtney and colleagues4,9,17 used four focus groups comprised
of a total of 11 participants to explore the meaning of privacy.
Privacy was defined as an individual’s desire and ability to control
access to self. Discussion was focused on how the perception of
privacy might affect the willingness of older adults to accept smart
technology in their homes. Each group was shown a type of sensor
(bed, kitchen, motion, and fall detection). Most participants were
willing to use the technology, but wanted to control access to the
information gathered by the technology.

A group of scientists exploring the possibilities of smart envi-
ronments at an assisted living facility5,15 used focus groups with
residents to explore attitudes and perceptions regarding sensors
to monitor bed activity, gait, stove safety, motion in the apart-
ment, and the use video monitoring. Similar to the other studies
discussed here, Demaris and colleagues demonstrated the tech-
nology and then asked the older participants about their will-
ingness to use each technology in the participant’s apartment.
Findings indicated that participants thought the bed sensor was
useful, the stove sensor was not necessary because most partici-
pants had meals served by the facility, and that the motion sensor
improved home safety. The gait monitor was also thought to be
useful. The video sensor raised privacy concerns but was thought
to be useful to detect emergencies. None of the technologies were
perceived as interfering with daily activities. The participants
viewed the technology as useful for detecting emergencies
(reactive role) but did not perceive the value of the technology as
a feedback tool for their performance.15(p123) The older adults
identified four concerns with the application of the technology
including, possible privacy violations through the use of cameras,
lack of human responders and the possible replacement of human
contact by machine monitoring, the potential lack of user friend-
liness of the devices, and the need for tailored training in order for
the older adults to use the equipment.5 All respondents indicated
that video monitoring using actual pictures would be obtrusive.
They were more open to video that depicted movements but was
anonymized. “In summary, participants emphasized that devices
installed in their homes can be of great benefit when they are
reliable, user friendly, can detect a range of emergencies, require
minimal action on the part of the user, have low maintenance
costs, and are not intrusive”.5(p92)

Using three groups of six older adults each; one group with no
impairments, one group with physical impairments, and the third
group with visual impairments, Johnson and colleagues7 demon-
strated the technology in the Gator-Tech home including, a tracking
and monitoring system embedded in the floor, voice activation,
smart microwave, mailbox, and front door, cueing system and
security system. The demonstrationwas followed by a discussion of
the usefulness of the technology. Participants had the most favor-
able response to the technology that supported their impairment,
i.e. older adults withmobility impairment liked the smart floor, and
thosewith visual impairment liked the voice activation. Overall, the
participants were willing to use the technology for activities they
were unable to do, but were concerned that they would lose their
ability for specific activities if they relied too heavily on the
technology.7(p71)

Mahmood and colleagues interviewed nine older adults living
in an assisted living facility18 regarding the potential use of
personal communication devices and mobility monitoring tech-
nology. In the discussion the participants identified safety and
independence as the most important themes in adopting tech-
nology use. These issues were followed by social interaction, and
ease of use as concerns voiced by participants. It is to be noted
that these participants were not concerned with potential privacy
invasion.

In the only study on preferences identified using a large sample
(n ¼ 673), Mann and colleagues20 used a combination of methods
to survey individuals with chronic physical conditions about their
use of personal digital assistants (PDA), home automation systems
(HAS), and home health monitoring systems (HHMS). They con-
ducted 73 face-to-face interviews in participant’s homes, 168 tele-
phone interviews, and 432 mailed questionnaires to determine
individual’s perceptions regarding the use of these technologies.
The findings indicated that most respondents did not use a PDA
(n ¼ 649). The most common reason was lack of perceived need,
followed by lack of knowledge and cost. For HAS, most individuals
using HAS (n¼ 12) reported purchasing their system from a private
dealer. The most frequently cited components purchased included
lighting (75%), appliances (25%) and security (25%) 20(p42). Finally,
only 11 individuals reported using HHMS, primarily for blood
pressure monitoring (48.2%), glucose level (21.4%) and weight
(14.4%). Participants reported that the main source of information
about assistive technology was from healthcare practitioners. They
also reported that most technology used was paid for out of pocket.
Findings of this study highlight the underutilization of readily
available technologies. Lack of use was attributed to lack of
perceived need, lack of knowledge of available technology, and
perceived prohibitive cost. Although PDAs and telemonitoring are
not always part of the traditional view of smart environments,
smart phones are being increasingly used for monitoring and
communication of information about older adults.

In Canada, using structured, mixed methods interviews, scien-
tists compared the willingness to use various types of home
monitoring technology of two cohorts of individuals.19 In
comparing a group of baby boomers (n ¼ 15, age range 45e49
years) with a group of older adults (n ¼ 15, age range 70e74 years),
there were few statistical differences in participant’s response to
a questionnaire focused on types and installation locations of these
technologies. Baby boomers were most likely to use health moni-
toring devices while the older cohort was most likely to use
personal safety devices. The baby boomers were least likely to
install home monitoring systems to detect sudden health changes,
while the older adults did not think theywere likely to use life-style
monitoring technology indicating that if an older adult needed that
much support, they would likely be living in a nursing home. Both
groups ranked video cameras as the type of sensor they would be
least willing to install.

Although the sample size for most of the studies reported above
was small, the setting was varied, and the research was focused on
differing types of technology, the results across studies were quite
consistent. In general, the findings indicate that older adults are
willing to use smart technology if it will improve their safety and
independence, is user friendly, and not cost prohibitive. The less
intrusive and more reliable the technology the more likely it is to
be well received. Actual video feed was thought to likely be
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intrusive. Individuals were concerned about who would have
access to their information, and how that information would be
used. Finally, some participants were concerned that reliance on
technology would limit their function by relying on the technology
to do things they would otherwise do for themselves. It is to be
noted that the vast majority of older adult participants across
studies were not using smart technology at the time they partici-
pated in the research.

3.3. System design

Another approach to soliciting the preferences of older adults
with respect to smart environments was to have the older adults
interact with a smart environment and gather feedback on the
actual use of the system. One group of researchers3 used focus
groups and user preferences to build their system. This group
conceived of their system as more than monitoring, but included in
the design a computer that could help older adults organize their
activities and at the same time collect information on how the older
adult used those systems. First the investigators conducted a series
of seven focus groups with older adults and caregivers (formal and
informal) to elicit feedback regarding potential smart technologies
to include in the system. In addition to explicating possibilities and
concerns similar to those identified above, the participants made
concrete suggestions for system design. These suggestions included
adding features to the system to help the older adult manage their
daily activities in addition to monitoring function. The older adults
stated that to be useful, the user interface could be adapted to
a wide range of user abilities; implementing the easiest to use and
most cost effective systems available; creating systems that can be
adapted to the users level of function; developing solutions to
a range of user issues that balance privacy with safety; providing
adequate training and ongoing user support at the level of the
user’s abilities; and making the smart technologies available as
quickly as possible.

Based on the feedback from these focus groups, Sessions and
Hanson’s team developed a prototype smart system that was
installed in a small room in a local senior center. The system
included five technologies: a daily event planning calendar with
reminders for events and medication times, an address book with
expanded information about family and friends, an easy-to-use
videophone, a fall detection system, and an object finder. These
five components were linked to each other, for example finding
someone in the address book the older adult could dial the
videophone by clicking a button, or an entry into the calendar was
linked to the person in the address book. Once installed, older adult
participants worked with graduate students to explore the system
potential. The work on the ASSIST system is focused first at the
individual level, providing a supportive environment for the older
adult individual, then at interactions of the older adult with their
friends and family, and finally at providing health information to
the healthcare system.3

Wiley and colleagues21 incorporated feedback from potential
users into a home-based communication center. Using a combina-
tion of focus groups and individual interviews of older adults and
caregivers, the scientists designed and then tested the communi-
cation center. Feedback regarding the concept of a message center,
aesthetics, size, and functionality was sought using a prototype
message center installed in a local senior center. The prototype was
revised to incorporate older adults’ suggestions, including capacity
for hand-written notes (on a PDA), email, and cell phone messages.
Testing of the actual message center is ongoing. Again, although
a message center may not usually be included in a smart environ-
ment, the idea of smart environments is evolving rapidly and will
incorporate a wide range of technologies in the future.
3.4. Clinical applications of smart technology

The University of Missouri where scientists and clinicians from
the School of Nursing have a collaboration with technology experts
to provide home healthcare and assisted living services at Senior
Care and Tiger Place.22,23 This collaboration provides healthcare
services in an environment that uses ubiquitous computing for
ongoing assessment, early illness recognition, and health promo-
tion activities for older adults living in the assisted living facilities.
Within this environment, the team of nurses and computer scien-
tists is studying older adult’s responses to several technologies
including computerized medication devices, and robotic pets.

3.5. Older adults participating in the implementation and
evaluation of smart environments

In the research described below scientists used ubiquitous
sensing devices to understand and support daily activities of older
adults. Over the course of nine months, Gil and colleagues24 used
a combination of passive infrared sensors (PIRs), pressure sensors,
door contacts, and electrical sensors in the dwellings of five older
individuals who volunteered to live in smart apartments at a resi-
dential care home. The goal of this investigationwas to explore data
mining techniques and to create a model of “overall busyness” e

the total pattern of activity of individuals living in the home. The
research team anticipated that the lives of these participants would
be fairly regular, and that patterns would emerge from the data.
However the data indicated that while some activities, such as the
weekly phone call from a family member or sleeping at night in the
bedroom were regular, other activities did not fit a predictable
pattern. The unpredictability of daily living is a challenge for
computers to identify normal patterns.

Walking is known to be directly related to health, balance
perception, and gait speed.25 Walking may be used as a proxy for
overall health status. A group of scientists applied smart tech-
nology using ubiquitous motion sensors to test “whether response
time alone, [without location], could be used for the assessment of
older adults’ response speed”26(p71) for the task of answering the
telephone. The assumption underlying the research was that
activity patterns for most individuals are stable over time and
there for a relative change in walking speed to answer the tele-
phone may be used to signal a change in health status. To test this
assumption the research team monitored telephone activity and
the response time to answer the phone in nine homes for two
periods each lasting 4e8 weeks. They then compared the two
periods to evaluate relative changes in response time. Using
statistical modeling techniques, the scientists confirmed the
hypothesis that response time to a consistent task such as
answering the telephone within a known environment can be used
to identify changes in health status.

Maintaining social networks into old age can help individuals
maintain a high quality lifestyle in spite of diminishing functional
abilities.27 Typically, social networks begin to contract, sometimes
without the older adult recognizing their ability to affect the situ-
ation. At Intel, scientists conducted a three-month in-home trial of
an egocentric social networking monitoring device displaying the
older adult’s social engagements.10 The “solar model” was dis-
played in the older adult’s home and information about the quan-
tity and quality of social contact with other individuals was updated
hourly. The information was captured using motion sensors,
infrared badges, and a phone sensor board with caller identifica-
tion. The data were relayed to a laptop computer that displayed the
solar model.

Using six dyads composed of an older adult and an informal
caregiver, identical solar displays were placed in the older adult’s



C.S. Jacelon, A. Hanson / Geriatric Nursing 34 (2013) 116e121120
home and that of their primary caregiver. Through the display both
parties were able to monitor the social activities of the older adult
and their social contacts. It was anticipated that when the older
adult and the caregiver could each visualize the older adult’s social
network theywould each be empowered to initiate changes in their
own behavior. Over the three-month trial, responses to having
visible information about social contacts were positive, and there
were subtle shifts in behavior of both the older adult and caregiver
in initiating social interaction.

The Intel group has initiated several other technologically based
social interaction enhancements such as a bi-directional presence
lamp, and an enhanced caller ID application. Lamps are located in
both the older adult’s and the caregiver’s home. The caregiver’s
lamp lights in response to sensor data when the older adult sat in
their favorite chair. The older adult’s lamp lights when the caregiver
pressed a key fob, indicating “I am home”.27(p343) The Caller ID
provides not only the name of the caller, a picture of the caller, and
information about the last contact.

The research team at Georgia Tech’s Broadband House11 is using
ubiquitous computing to recognize and avert crises, assist daily
routines, and provide peace of mind for adult children. Their
long term goal is to create a supportive environment for older
adults that can “perceive, recognize, anticipate, and interact with
humans”.11(p66) One example of their work is the “digital por-
trait”.11(p69) In order to address adult children’s peace of mind,
Mynatt and colleagues created a digital portrait of the older adult’s
activity. The digital picture frame is located in the adult child’s
home and represents data gathered throughout the day in icons
(such as a butterfly) the larger the icon the more activity. Each side
of the frame represents one week’s worth of data. At a glance,
a family member can see their older relative’s pattern of activity
over the last four weeks. Adult children’s peace of mind can be
a major factor in determining the need for an older adult to move
from their home to a more restrictive environment such as
a nursing home, so a way to objectively assess function is an
important improvement in peace of mind.

3.6. Clinical trials of smart technology

Only one clinical trial was identified in the sample. During
a two year long, randomized controlled trial, 113 older adults
living alone in his or her own homes were randomized to treat-
ment (n ¼ 46) and control (n ¼ 67) groups in order to determine
the effect of living in a technological environment on function.
Participants were at least 60 years old, without cognitive impair-
ment, and had difficulty in activities of daily living (ADL) or
instrumental activities of daily living (IADL) related to chronic
health problems.28 Using the 10X ActiveHome Kit and several
other modules, participants in the intervention group were able to
control their environment (turn on and off lights and appliances
using remote controls). Evaluation measures included extensive
functional testing and health history of the participant and
monitoring of the participants’ use of the technology. Although the
groups were equivalent in function at the beginning of the trial, at
the end of the second year, the intervention group had signifi-
cantly better mobility (p < .001), cognition (p < .001), and IADL
function (p < .05). The technology used in this trail is readily
available, off the shelf technology that is not primarily designed to
support aging in place in the same way as other technologies in
this review.

4. Discussion

The results of the review are consistent with the profile of
a relatively new area of exploration. The largest number of reported
studies is focused on preferences of potential users. Although each
study is small, the results are consistent across research teams and
location. Older adults are willing to incorporate smart technology
into their lives providing that the equipment is reliable, is not
intrusive, that they have control over their own information, and
there is adequate support for learning how to use the information.
These findings are supported by a recent literature review by
Townsend, Knoefel, and Goubran29 who found that older adults are
willing to tolerate a decrease in privacy in exchange for the
autonomy of staying at home.

Fewer research teams report engaging older adults as consul-
tants in the design of the technology. Using a participatory
research strategy has potential for designing smart systems are
uniquely suited to the older population and that can be retrofitted
into existing homes. Skinner and colleagues30 propose a design
model based on the Institute for Improvement in Healthcare’s
Plan Do Study Act (PDSA) (http://www.ihi.org/knowledge/Pages/
HowtoImprove/default.aspx) model. Skinner adds a step to the
quality improvement cycle called “listening.” In this step, the
design team consults with the end user. After consultation, the
design team makes changes to the technology before bringing it
back to the end user for further feedback and testing. In order to
design technology systems that are truly used by the target
population, a model such as Skinner et al. is essential to the
design process.

One area of concern was the possible over reliance on the
technology, thereby diminishing, not enhancing older adult’s abil-
ities. Another concern was that the technology would limit, not
enhance, human contact. Designing systems such as the Intel Solar
display that is designed to empower the older adult to affect their
social interactions,27 or systems like ASSIST which is designed to
support the older adult at or near the limit of their mental and
physical abilities3 will ameliorate these concerns. Also designing
systems that easily interface with existing technology will increase
the likelihood that friends and relatives can interact with the older
adult through the system.

There is substantial research indicating that older adults are
open to the idea of living in technically advanced environments if
doing so would improve their quality of life and help them stay in
their own homes. Including older adults in the design phase of
creating smart environments can help ensure that the systems
address issues that are important to the people that will use them.
In the long run, “Proliferation of smart homes depends on user
acceptance of the concept and demonstration of [potential benefits
and] cost savings”.31(p118) Although the work is only beginning,
smart environments have the potential to provide support for older
adults to maintain active lives in which they are socially and
cognitively engaged, while providing relevant and timely
information to caregivers and healthcare providers to support
aging in place.
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