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Abstract

Expectations are high with regards to smart home technology. In particular, smart home technology is
expected to support or enable independent living by older adults. This raises the question: can smart home
technology contribute to independent living, according to older adults themselves? This chapter aims to
answer this question by reviewing and discussing older adults’ perspectives on independence and their
views on smart home technology. Firstly, older adults’ opinions on independence and aging in place are
discussed. Secondly, this chapter will review to what extent smart home technology can support older
adults’ independence. Thirdly, it will be explained how community-dwelling older adults’ concept of
independence entails three distinct types or modes, and how these modes are related to their perceptions
and acceptance of technology. In the last section of this chapter, an overview of key points is presented,
and recommendations for technology designers, policy makers, and care providers are postulated.
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Introduction

The increase in longevity, the growing number of older adults, and the decreasing number of newborns
denote that the populations of most countries in the world are aging rapidly (United Nations 2013). To
date, Europe has the highest proportion of older people in the world. The increase in the proportion of
older persons is primarily due to changes in health indicators including improved nutrition and hygiene
(Evans et al. 1994). Furthermore, advances in both preventive and curative medicine have resulted in an
increasingly large number of (older) patients that survive medical conditions that previously used to be
fatal. Unfortunately, this does not imply that older adults are all in good health and well-being. For
example, the majority of older adults (i.e., over 75 years of age) report having one, two, or more chronic
conditions that they are suffering from (Aarts et al. 2012; Woo and Leung 2014). Since age is positively
related to health care utilization and, in turn, to higher health care expenditure, the influence of aging
populations on society will be marked (Schulz et al. 2014). Hence, the provision of cost-effective care
solutions is asked for.
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To anticipate on the growing demand on health care by older adults, governments and policy makers are
trying to empower older persons in maintaining independence as long as possible. By enabling them to
keep residing in their own homes, i.e., to age in place, costly options such as nursing homes can be
avoided. Smart homes have been postulated as a potential solution to support aging in place. A smart
home can be defined as “a residence equipped with a high-tech network, linking sensors and domestic
devices, appliances, and features that can be remotely monitored, accessed or controlled, and provide
services that respond to the needs of its inhabitants” (Balta-Ozkan et al. 2013). Several target groups
could potentially benefit from smart home technology, one of them being older adults who would like to
age in place. For example, smart homes technologies are aimed at supporting aging in place by facilitating
tasks such as preparing food and cleaning. Furthermore, smart home technology can assist in monitoring
and maintaining health status (Mitzner et al. 2010).

Despite the emphasis on smart homes by government agencies, policy makers, and the industry
(Sixsmith and Sixsmith 2008), their existence is not widespread (Schulz et al. 2014; Wilson
et al. 2014). Consequently, their suggested potential for older adults in promoting independence and
aging in place, and thereby, alleviating pressure on (family) caregivers, and decreasing health care
expenditure, has not yet reached its full potential. The question remains why smart home technologies
are not yet commonplace in the homes of older people. The current chapter aims to answer this question
by reviewing and discussing older adults’ perspectives on independence and their views on smart home
technology. In other words, can smart home technology deliver on the promise of independent living,
according to this target group? This chapter will start by discussing older adults’ opinions on aging in
place and staying independent. Secondly, this chapter will discuss to what extent smart home technology
can support older adults’ independence. Subsequently, it will be explained how community-dwelling
older adults’ concept of independence entails three distinct types or modes, and how these modes are
related to their perceptions and acceptance of technology. Lastly, implications and recommendations for
technology designers, policy makers, and care providers are postulated.

Older Adults’ Opinions on Living Independently

As older age is related to decreases in health, functional abilities, and social relations (Rowe and Kahn
1987, 1997), the home environment is the major living space of older people (Baltes et al. 1999). A study
by Gillsjo and colleagues reported the views of older adults, living in a rural community in Sweden, on
their experience of “home” (Gillsjö et al. 2011). This study pinpointed that home “had become integral to
living itself” and was “an intimate part of the older adult’s being” (Gillsjö et al. 2011). A study by Wiles
and colleagues focused on the meaning of aging in place (Wiles et al. 2012). By conducting focus groups,
the study illustrated that aging in place was perceived as an advantage in terms of security, familiarity, and
people’s sense of identity (Wiles et al. 2012). In general, research suggests that the majority of older
persons want to keep living independently, in their current dwelling (Barrett 2011; Boldy et al. 2011;
Woolhead et al. 2004).

Research also suggests that the desire to remain independent is influenced by a variety of factors
including (self-perceived) health status and personal characteristics. For example, the desire to remain in
one’s current dwelling seems to increase with age (Boldy et al. 2011). Another study showed that,
although older adults in general perceive being independent as very important, men were found to
value independence as less important than women (Galenkamp et al. 2012). Functional status has also
been suggested to influence the desire to remain independent. Being independent seems especially
important to those with mild cognitive problems and/or depressive symptoms. However, older adults
with severe functional limitations perceive independence as less important than older adults with no or
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few functional limitations (Galenkamp et al. 2012). Galenkamp and colleagues (2012) suggest that older
adults hold on to their independence up to a certain point; once their health deteriorates considerably, they
seem to give up (part of) the desire to be independent in order to receive care. Similar findings are reported
in a study by Allen and Wiles (2014) in which community-dwelling older adults stated that receiving
informal support and using assistive technology was only considered acceptable when help was necessary
due to health issues.

In summary, the abovementioned findings indicate that older people wish to remain independent but
also highlight the fact that the desire to remain independent may differ per person and that this desire is
influenced by factors like health status. As a consequence, older adults’ opinions on (technological)
solutions aimed at supporting aging in place may also vary. In this respect, it is important to review to what
extent smart home technology can support older adults’ ability to live independently.

The Influence of Smart Home Technology on the Ability to Live Independently

Many developments are taking place in the field of smart home technology, and expectations are high with
regards to the potential benefits. Unfortunately, a recent published systematic review regarding smart
home technology identified only three (out of 31) studies that effectively demonstrated that smart home
technology can support independence and prevent health events that threaten the independence of older
adults (Reeder et al. 2013). These three studies showed that the use of smart home technology was
positively related to outcomes such as a reduced length of nursing home admissions (Kelly 2005),
preservation of physical and cognitive status (Tomita et al. 2007), and improved social functioning
(Brownsell et al. 2008)1. All three of studies were similar in that they included a combination of
technologies tailored to individual preferences of the user, including activity monitoring technology,
and other functionality such as medication reminders (Reeder et al. 2013). The other 28 studies that were
included in the review did not demonstrate strong evidence of support for aging in place, mainly due to
their study designs and sample size (for more information, see (Reeder et al. 2013)). Other systematic
reviews also pinpoint that little methodically sound research is available on the effects and cost-
effectiveness of smart home technology (Graybill et al. 2014; Peetoom et al. 2014). This raises the
question: how can older adults be convinced to use smart home technology when benefits have not been
demonstrated clearly in terms of scientific evidence? In this respect, it is important to consider to what
extent older adults themselves perceive smart home technology as something that can help them to age in
place.

A recent systematic review conducted by our research group showed that the vast majority of studies on
community-dwelling older adults’ perceptions on smart home technology are performed in the
pre-implementation stage (when a technology has not been used yet). These studies typically include
the use of presentations, vignettes, or scenarios to explain or demonstrate a technology to participants
(Peek et al. 2014). Consequently, participants are asked about technology that they have not actually used
and experienced for a considerable amount of time. In pre-implementation studies, community-dwelling
older adults mention various concerns, when asked about their opinions on technology that is designed to
support aging in place (Peek et al. 2014). Frequently mentioned concerns are high cost and privacy

1Reeder et al. (2013) classified studies as “emerging,” “promising,” “effective (first tier),” or “effective (second tier).” The
three studies mentioned were not considered “effective (second tier)” by Reeder et al. (2013) because they were limited by the
use of a historical control group (Kelly 2005), high dropout rates (Tomita et al. 2007), and the use of nonrandomized
comparison groups (Brownsell et al. 2008). None of the studies included in the review by Reeder et al. (2013) were classified
as the highest type of evidence, which was “effective (second tier).”
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implications. Additionally, a number of the mentioned concerns are related to usability; community-
dwelling older adults may think that smart home technologies are hard or impractical to use. Furthermore,
older adults may be concerned that they have no control over the technology, for instance, its activation
and deactivation. Participants in pre-implementation studies also express concerns regarding the burden it
may put on their children in their role as caregivers (i.e., causing workload or worrying) and the possible
negative effects on their personal health. Moreover, community-dwelling older adults express concerns
that smart home technology may be too noticeable or obtrusive within their homes. Older adults can also
be worried that they can be considered “frail” or “old” once they are seen using technology that is
specifically designed for frail older adults. This fear of stigmatization can be very powerful (Cohen-
Mansfield 2005; Lee and Coughlin 2014; Peek et al. 2014; Rush et al. 2013; Steele et al. 2009).

While community-dwelling older adults may have concerns regarding smart home technology, they
also see benefits, such as increased independence and increased safety (Peek et al. 2014). However, these
perceived benefits do not “automatically” translate in acceptance of smart home technology. This is
illustrated in a recent pre-implementation study conducted by Claes and colleagues (2014) that investi-
gated beliefs regarding contactless sensors. These sensors enable tracking of older adults’ personal safety,
their health status, and their ability to perform activities of daily living. According to the vast majority of
the participants in this study, contactless sensors were indeed useful to age in place, both safely and
independently. In sharp contrast, only a minority of respondents was willing to accept contactless
monitoring at this point in their life (15.5 %). The willingness to accept the technology later in life
(82.4%), or in the case of health decline (91.8%), was remarkably higher (Claes et al. 2014). These results
are prototypical for pre-implementation studies on technology acceptance: older adults think that smart
home technology is not necessarily intended from them, but rather for other, less healthy older people
(Peek et al. 2014). This is in congruence with older adults’ positive perception of their personal health,
despite a decline in their objective health status (Cheng et al. 2007; Pinquart 2001).

To date, studies conducted in the post-implementation stage, when community-dwelling older adults
have used and experienced a certain technology, are scarce (Peek et al. 2014). One example of a post-
implementation study was conducted by van Hoof and colleagues (2011). In this study, interviews were
conducted with 18 community-dwelling older adults with a complex demand for care. The participants of
this study agreed to have an unobtrusive monitoring system installed in their homes, mostly because they
wanted to improve their sense of safety and security and because they wanted to age in place. These
participants reported an increased sense of safety and security in the post-implementation stage. Similar
findings are reported in a post-implementation study by Pol and colleagues (2014). However, Pol and
colleagues (2014) note that, similar to the study by van Hoof and colleagues (2011), “participants were all
old aged and experienced some age- and health-related limitations in their daily functioning” and that
“they were aware of their vulnerability and expressed a need for strategies to maintain independent
living.” Pol and colleagues (2014) argue that these circumstances led to the acceptance of the sensor
monitoring system by participants and that research is needed to investigate whether older people who do
not express or acknowledge their own vulnerability are also prone to accept smart home technology. The
latter seems particularly important considering the fact that smart home technology is frequently postu-
lated to play an important role in preventing functional decline of relatively healthy older individuals
(Eriksson and Timpka 2002).

All in all, the abovementioned findings lead to a somewhat puzzling conclusion: many older adults
have the desire to age in place, and many older adults also believe that smart home technology can
contribute to independent living, yet these conditions often do not translate into a willingness to accept
smart home technology. Only older adults who see that they may be at risk of losing their ability to live
independently seem to be willing to accept smart home technology. It has been argued that a clear
understanding of the motives of (potential) users of smart home technology is lacking in the current
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literature (Wilson et al. 2014). Therefore, the next paragraph will look more detailed at older adults’
concept of independence and its relation to perceptions and acceptance of technology.

Different Types of Independence and Their Relations to Acceptance of
Technology

Independence is commonly regarded as the ability to live without relying on external help, being the
opposite of dependence (Fine and Glendinning 2005). However, in an important contribution, Sixsmith
(1986) showed that the concept of independence, as perceived by community-dwelling older adults,
entails three specific modes or types. First, independence can imply being able to look after oneself, not
being dependent on others. Second, independence can refer to self-direction, the freedom to do what you
want to do. Third, independence can mean not feeling obligated to someone, e.g., family members or
caregivers (Sixsmith 1986). The first mode, being able to look after oneself, is the type of independence
that policy makers aim for, and suppliers of smart home technology intent to support. Unfortunately, the
other two modes of independence, although also important to older adults (Sixsmith 1986), are often
ignored in the design and implementation of smart home technology. In a longitudinal qualitative field
study, which our research group has been conducting since 2012, several ways in which these different
modes of independence can play a role in the acceptance of technology by community-dwelling older
adults have been observed (Peek et al. 2012). In this study, 50 community-dwelling participants (with a
minimum age of 70) are visited in their own dwelling, every 8 months within a period of 4 years. The aim
of this study is to explore and describe factors and mechanisms which influence the level of use of various
types of technology (including household appliances, ICT, telephones, means of transport, and assistive
technology) that are present in the homes of participants. In addition, the participants are asked to what
extent they feel that technology can aid them in looking after themselves (the first mode of independence).
Preliminary findings of our study indicate that, according to participants, assistive technology and means
of transport (i.e., a car or an electric bike) can be important for maintaining this mode of independence.
However, our findings also indicate that there is considerable amount of variation; while some participants
state that assistive technology helps them to look after themselves, others indicate that they would rather
do things themselves (i.e., without relying on technology): “we are still stubborn in a sense that we do
everything ourselves”.

Regarding the second mode of independence (the freedom to do what you want to do), older adults in
our study report that certain types of technology can both support and threaten this type of independence.
One example of this is the use of mobile phones. On the one hand, mobile communication technology
provides participants with a sense of security, knowing that they can reach someone in case of emergency
and thereby facilitating them in leaving their homes and performing activities. On the other hand, carrying
a mobile phone also leaves participants open to interference by others (e.g., family members who can call
participants whenever they feel they need to). This interference can lead to a feeling of “not being able to
do what you want to do.”A similar ambivalence occurs when older adults are using hearing aids. Hearing
aids can have an empowering effect because they enable older adults to hear and respond to stimuli (i.e.,
sounds) that they would otherwise be unaware of. This enables them to engage in more activities and
social interactions. However, at the same time, using a hearing aid can also lead to the avoidance of social
activities such as birthday parties, due to overstimulation (i.e., hearing too much sound whenmany people
are present). With both abovementioned types of technology, this ambivalence can lead to older adults
using technology selectively: “I only take it with me when I feel that I might be needing it”.

Looking at the third mode of independence (not feeling obligated to someone), participants in our study
frequently mention that they do not want to be a burden to others, particularly family members. For
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example, participants in our study mention that they want to avoid asking their children to help them in
using ICT devices or are afraid to cause false alarms while wearing a personal alarm button. Again, these
situations can cause older adults to not fully make use of certain types of technology.

The aforementioned issues are not exclusive to technology such as mobile phones or hearing aids.
Studies investigating acceptance of smart home technology also point to problems that seem to be related
to perceptions of independence. For instance, Boström and colleagues (2013) have shown how monitor-
ing technology can impact older adults’ perceptions of Sixsmiths’ (1986) second mode of independence
(the freedom to do what you want to do). Their research shows that community-dwelling older adults can
fear that monitoring technology could “take over” or “take control” of their lives. Other studies have also
shown that community-dwelling older adults prefer to be in control of smart home technology instead of
the other way around (Steele et al. 2009; van Hoof et al. 2011). Interference of technology with personal
freedom may also occur in the case of lifestyle monitoring technology, which is designed to promote a
healthy lifestyle by giving the user visual or auditory reminders and cues that are designed to influence the
users’ behavior. These reminders and cues may be perceived as meddlesome by users.

Privacy issues are another example of how acceptance of smart home technology can be influenced by
perceptions of different modes of independence. Studies have shown that technologies that enable the
sharing of personal information to formal and informal caregivers can be seen by community-dwelling
older persons as something that enables them to stay in their current dwelling (Boström et al. 2013;
Lorenzen-Huber et al. 2010; Wild et al. 2008). In other words, they perceive that technology can have a
favorable influence on the ability to look after oneself (Sixsmiths’ first mode of independence). In
addition, while some studies have shown that older adults feel that the aforementioned technologies
can reduce the burden on caregivers (Boström et al. 2013; Lorenzen-Huber et al. 2010), others have
shown that older adults are worried that these technologies actually might increase the burden of
caregivers (Steggell et al. 2010; Wild et al. 2008). This outlines that to older adults, smart home
technology can both positively and negatively influence the feeling of being obligated to someone
(Sixsmiths’ third mode of independence).

The examples mentioned in this paragraph pinpoint that several of older adults’ perceived favorable
and unfavorable consequences of using technology in the context of aging in place can be framed in terms
of how technology affects three distinct modes of independence. The findings in this paragraph also show
that community-dwelling older adults can feel good and bad about a certain technology, rather than just
good or bad (Boström et al. 2013).

Implications for the Design and Implementation of Smart Home Technology

In this chapter, we have reviewed and discussed older adults’ perspectives on their independence and their
views on smart home technology. The following key points were made:

• In general, older adults want to live independently in their current dwelling. However, the desire to live
independently differs per person and is influenced by factors such as health status, age, and gender.

• Scientific evidence for the effectiveness of smart home technology in enabling independent living is
scarce.

• Older adults who are not using smart home technology feel that it could support independent living,
although they also express various concerns. They also perceive that smart home technology is not
intended for themselves, but rather for other older persons who are less healthy.

• The concept of independence in the eyes of community-dwelling older adults entails three specific
modes or types: (1) being able to look after oneself, not being dependent on others; (2) self-direction,
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the freedom to do what you want to do; and (3) not feeling obligated to someone. It is important to
realize that smart home technology can affect all of these three modes of independence, often
simultaneously.

The abovementioned notions have several implications for the design and implementation of smart
home technology. Firstly, technology suppliers, caregivers, and policy makers are advised to take a broad
view of the concept of independence.While empowering older adults to be able to look after themselves is
an important goal of smart home technology, it is also important to realize that smart home technology
can, unfavorably, influence older adults’ perceived personal freedom and feelings of obligation toward
others. These aspects need to be taken into account in order to increase acceptance. This can be achieved
by being sensitive to issues related to user control and implications of the technology for social relation-
ships. For instance, one must be careful not to take too much control away from older users, since this may
conflict with their concept of independence. In the same way, one should be aware of the fact that social
relationships between older users and their social network are influenced by technology. Of particular
importance is the relation between family members and older adults, which older adults prefer to keep
asymmetrical: they like to “give”more than they “take” (Lindley et al. 2008). Smart home technology that
is not designed and implemented in line with this “preference for asymmetry” may threaten older adults’
concept of independence. The aforementioned broad view of independence could also benefit (cost-)
effectiveness studies on smart home technology. Currently, effectiveness studies have a tendency to focus
on measuring outcomes in line with a narrow definition of independence: the ability to look after oneself.
Broadening this definition by including all modes of independence as described by Sixsmith (1986) may
result in a more comprehensive understanding of the effects of the use of smart home technology on the
lives of community-dwelling older adults.

Secondly, the key points made in this chapter implicate that technology suppliers, caregivers, and
policy makers need to be sensitive to issues regarding diversification and timing. It is important to realize
that older adults’ perception of independence and their use of smart home technology may not only vary
from person to person but may also vary across time. Moreover, older adults can have different opinions
on each of three modes of independence. This complicates both the design and the implementation of
smart home technology. Ideally, a smart home technology would be able to adapt itself to different and/or
changing independence-related needs of older adults. To our knowledge, such a technology does not
currently exist and is very challenging to design, build, and bring to the market. One of the more difficult
aspects of such “self-adaptive technology” would be the design of algorithms to identify and monitor the
user’s independence-related needs. A more feasible alternative might be to let caregivers or care
consultants who are in close contact with the older person identify and monitor their needs. These
identified needs should subsequently be matched with suitable smart home technologies that are available
on the market. However, this would require that the particular caregiver or care consultant would have a
comprehension of (psychological) aspects of aging as well as technical developments. Professionals with
this skillset may be scarce and training them might be expensive. Researchers can play a role here, by
developing and validating tools (e.g., interview techniques, checklists) that allow individuals to identify
and monitor older adults’ needs and by developing methods that can facilitate the matching of these needs
with technologies.

An underlying cause of the issues raised in this chapter may be that technology designers and older
adults have different perspectives regarding the concept of independence. Other authors pinpointed that
many designers typically have little understanding of the unique needs of older adults (Doyle et al. 2014;
Neven 2010; Wilson et al. 2014). This may be caused by the fact that technology designers are usually
considerably younger than older adults, which means that they may be unfamiliar with (psychological)
aspects of aging and grew up using other types of technology in comparison to older adults. To overcome

Handbook of Smart Homes, Health Care and Well-Being
DOI 10.1007/978-3-319-01904-8_41-1
# Springer International Publishing Switzerland 2015

Page 7 of 10



this discrepancy, designers need to come into contact with older adults, preferably starting during their
education.

Our goal of this chapter was not to provide an extensive overview of all factors involved in the
acceptance of smart home technology. Instead, we have looked at the heart of the matter: can smart home
technology deliver on the promise of independent living? At this point in time, we are inclined to
answering this question unfavorably. This chapter also shows that the number of studies on older adults’
perceptions of their independence in relation to smart home technology is limited. Additionally, a recent
content analysis of industry-produced smart home marketing materials revealed “a notable absence of
user focused research” (Hargreaves and Wilson 2013; Wilson et al. 2014). In our opinion, the way
forward is to deepen our understanding of the (potential) needs and preferences of older people. In this
way, the promising industry of smart home technology can make an important contribution to the
independence of older adults.
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