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Abstract
Despite current developments in health care, demographics, and technology, the
implementation and use of smart home technologies has so far not been as
effective as possible. Possible barriers are a lack of incentives and vision on
technology application, the complexity of technology and the financing structure,
the multidisciplinary collaboration, and the user-technology interaction. This
chapter describes recommendations to increase the effectiveness of smart home
technology, which relate to a better user-fit, evidence-based practice, technolog-
ical improvements, project organization, and the financing structure.
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Introduction

The positive effects of adequately implementing current and future smart home
technologies in health-care situations are stated to be promising. However, despite
the driving factors, such as developments in health care, demographics, and tech-
nology, the implementation and use of smart home technologies has so far not been
as effective as possible. Technologies did not bring the expected benefits for the
end-users or have been disused by them (e.g., Cartwright et al. 2013; Steventon
et al. 2013; Sponselee 2013). Also, the care process appeared not to be as effective as
expected and even more expensive than anticipated (e.g., Henderson et al. 2013,
2014). As a result, many projects have been canceled or postponed.

This chapter describes recommendations to increase the effectiveness of smart
home technology, which highly depends on the acceptance and use of the technology
and the benefits perceived by its users and end-users.

Hindering Factors for Smart Home Effectiveness

In order to increase acceptance and effectiveness of smart home solutions, it is
important to define and understand which barriers hinder effective implementation
and use. Although barriers may vary between projects, hindering factors often
mentioned in the context of smart home technology involve a lack of incentives
and vision on technology application in the care sector, as well as the complexity of
the technology and the financing structure (Sanders et al. 2012; Sponselee 2013).
Smart home solutions come along with investment, maintenance, and operation
costs. While these costs are often covered by subsidy in the early stages of imple-
mentation, for (large-scale) implementation and use, there is a lack of financing
structure. Additional hindering factors are the diverse stakeholders that have to
cooperate in the field of smart home solutions and the, mostly older, end-users
who have to interact with this new technology. The multi-sectoral nature of smart
home technology disturbs the – financial – responsibilities, as well as the individual
financial obligations.

Multidisciplinary Stakeholders

Problems with smart home technology can be partially ascribed to the fact that many
stakeholders are involved (Bierhoff et al. 2008). Although the technology mainly
originates from the information and communication (ICT) sector, the implementa-
tion process of this technology also involves the industry, security, care, and telecom
sector. For further development of smart home technology, the educational, govern-
ment, and care sectors are involved, while for exploitation of smart home solutions,
government, finance (insurance companies), trade, and recreational sectors are
involved. These sectors are not always used to working in a multidisciplinary
fashion, and they may have different goals and aspirations regarding smart home
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technology. However, due to future ICT developments, trans-sectoral innovation is
needed, especially in the area of smart living (Baken 2010).

The multidisciplinary collaboration results in organizational, financial, as well as
cultural issues. To decrease the perception differences between the stakeholders
involved, an analysis of the expected and experienced effects of smart home
technology for each stakeholder can be made (Sponselee 2013). The outcomes can
then be communicated among stakeholders to increase awareness. For designers, for
example, the effects may involve effective goals, whereas caregivers are mainly
interested in effects on workload and quality of care, while care receivers are
influenced by usability effects.

Technology and Its Users

An insufficient supply of technologies to solve the problems with smart home
solutions in care situations is not the main issue. Actually, at a technological level
even more is possible than yet applied in the so-called “smart” technology. There is
however a technological need for a platform that enables communication between
smart home services, devices, and applications (Brink 2013). The problem also
relates to the usability and functionalities of smart home technology that do not
sufficiently correspond to the actual needs of the care receivers and caregivers. Even
though many researchers have stated that user requirements should be better taken
into account in smart home projects, many tangible improvements are driven by
improved technology (technology push). The actual users obviously need to get
better involved in the development and implementation process of smart home
technology. By involving the care receiver and the caregiver in the process, the
designer gains more insight into the true perceptions of the stakeholders he or she is
designing for. As a result, the list of functional requirements for a smart home system
or a smart home project consists of more than just technological functionalities and
should comprise all stakeholders’ attributes, consequences, and values. In the imple-
mentation process of smart home technology, by taking a gerontechnological
approach, the older end-users can be better understood. However, the design process
must be considered as an ongoing cycle. After use, the stakeholders’ expected effects
change into actual experienced effects, which may be different and may modify the
list of requirements.

Low acceptance and adoption of smart home solutions by end-users can thus
partially be ascribed to the “gap” between what the technology can do or bring to the
people and the actual need that these people have. This “gap” is actually the result of
the “driving factors” for smart home solutions. Nowadays, society as well as
government, industry, and care organizations feels the pressure of a society that is
growing older. The “dependency ratio” is increasing, which means fewer people will
be available in the near future to handle the growing amount of older people who are
in need of care. To reduce the growing call for caregiving by professionals, people
are encouraged to prevent or reduce the need for professional care, by self-
management and self-care, and support by informal caregivers. Their autonomy
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and independence can be supported by technology, for example, by smart home
solutions. Unfortunately, the technology has often been developed from a care
perspective, while it may also have other potential benefits related to welfare,
well-being, or entertainment. Current smart home platforms however are found to
support only 20 % of the desired applications for aging in place (Brink 2013). As
long as platforms are not suitable, the needed applications and functionalities are less
likely to be developed. The challenge for the industry, service providers, care
organizations, and government is to articulate the needs of potential users, then
develop and introduce technology that supports those needs or enhances them, and
then – later on – add useful smart home functionalities to the accepted technology.

Although many researchers claim to know the needs of older people and many
smart home technology projects state they have introduced technology that fits the
needs of older end-users, the adoption of smart home technology on a large scale is
lacking. Mohammadi (2010) found that producers of smart home technology think
that older people do not know which technology is available and what the possibil-
ities are, while the older people in her study were familiar with the technology but
stated that the current functionalities did not fit their needs.

Now that we have clarified the possible hindering factors for the acceptance and
effectiveness of smart home solutions, the following recommendations are proposed.

Smart Home Solutions Must Fit to Needs

The expectations of smart home technology being useful for home (health-care)
situations are increasing, and the application is growing constantly. Meanwhile, it is
still often unknown what the exact needs of the end-users are and therefore in what
way the technology can be supportive. Acceptance of smart home technology is
positively influenced by the compatibility between needs and the expected and
experienced benefits (Sponselee 2013; Peeters et al. 2012). In a study by Sponselee
(2013), a lack of fit was the main reason for rather low experienced benefits:
participants were not yet in need of “distant care,” while people with a certain
need for care (e.g., dependent upon care by others/professionals) or support (e.g.,
being widowed) benefited the most from smart home solutions. To increase the
effectiveness of smart home technology, beneficial functionalities for end-users with
specified needs must be denoted. However, the translation of needs to system
functionalities and applications requires further research and documentation.

At the same time, it is difficult to make a business case based on the promising
effect of smart home solutions on prevention, i.e., on postponing the need for care by
implementing smart home technology (while in fact, many smart home projects are
based on this principle). On the one hand, a financial compensation for smart home
solutions for people who are not yet in need of care is lacking. On the other hand, the
(preventive) benefits are difficult to prove, as it involves long-term benefits (e.g.,
postponed appeal on welfare or care resources).

To increase the effectiveness of smart home solutions, it is important to define the
envisioned target group. For technology designers it is relevant to understand who
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the target group is. What goals are important for them, what are their needs, and thus,
what benefits are expected from the technology? Also care organizations in telecare
projects must be aware of the group of people they want to support with technology.
For certain patient groups, technology can become part of the health-care provision
process. However, not all technologies are useful for every group or individual.
Based on the needs of the end-users and those of other users (e.g., (in) formal
caregivers), a selection of technological functionalities should be made. Despite
several attempts, no globally accepted overview of smart home solutions in relation
to needs is available (e.g., an “availability matrix” (see World Health Organization
2010)). A possible tool to select smart home or e-health technologies is the WHO
Compendium of innovative health technologies (World Health Organization 2014)
in which health problems as well as corresponding solutions are described. A Dutch
tool to select these functionalities is a model presented by Nictiz, in which IT
platforms for distant care and welfare services are described along three layers:
network services (bottom), platform services, and application services (top layer)
(Krijgsman et al. 2012). The application layer consists of four categories of services,
namely, comfort, welfare, safety and security, and cure and care. Such a model can
be used as a means for discussion in the orientation phase of the implementation
process and as a tool for so-called use cases. The technology can, therefore, better be
implemented – first – for specific patient groups, with a specific need for care, like
COPD, diabetes, or CVA patients, who already receive long-term care (Peeters
et al. 2012) and have certain financial resources and who may already experience
some benefits brought by the technology (better physical control, information
availability, and less travel time for doctor or hospital visits (see, e.g., Evers
et al. 2009; KNMG, NCPF and ZN 2012)). Dutch policymakers, for example, are
focusing specifically on telemonitoring for patients with diabetes mellitus and
chronic heart failure, as well as teleconsultation for dermatology, as the best effects
are found for these target groups (KNMG, NCPF and ZN 2012; Schippers 2012).
With the current amount of older people suffering from these diseases and the
expected growth of people with these diagnoses, the technology may help to reduce
the pressure on care organizations by focusing on these specific patient groups.

To increase the acceptance and use of smart home solutions, we thus need to
understand what the needs of people are and how technology might substitute or
support these needs. It is therefore important to accord the end-user a central role in
the development and implementation process. By assessing the end-user’s needs,
smart home functionalities can be defined that fit those needs, in order to increase
technology acceptance. Different methods can be used to assess the end-user’s needs
in relation to smart home solutions, ranging from workshops, role-play, and dem-
onstration facilities to in-home experience. Although these methods differ in their
usefulness to obtain the end-user’s needs (Sponselee 2013), it will help to define
people’s needs in relation to smart home solutions. For some researchers in smart
home projects, it might be surprising to find that people’s needs are not merely care
related. People in their third age, for example, who may have minor physical
restrictions, are still (socially) active and want to participate in society (Sponselee
2013). Besides medical or care-related needs (possibly for the future), safety and
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security needs may be expressed, e.g., in the scope of social support and surveil-
lance. As a result, social networks appear to be important. On the other hand, despite
the need for (social, mental, or physical) support, older people want to stay in
control, by selecting their own support, facilitated by accessible information and
proper communication. Technology is considered as a means to achieve this,
although specific technology requirements have to be taken into account in order
to benefit from the technological potential.

More Benefit Evidences Are Needed

There is a lack of evidence of the (beneficial) effects of technology use for specific
groups. It is, for example, still rather unclear what the effectiveness of smart home
functionalities is for older people, patients, (in)formal caregivers, and care organi-
zations (see also Black et al. 2011; Peeters and de Bie 2012). Without a defined fit
between functionalities and benefits, a paucity of empirically demonstrated evidence
of benefits, and a lack of evidence of cost-effectiveness (Black et al. 2011), there is
no chance of a feasible business case.

In a study along 75 older users, a screen-to-screen telecare system was found to
have beneficial effects on the well-being, feeling of safety, feeling of independence,
and independent living (Sponselee 2013). However, these benefits differed along
persons, depending on their needs and depending on the functionalities of the
system. This demonstrates that personal needs should be collected as identifiers for
smart home solutions to achieve eventual benefits of the technology interaction. The
telecare system under study, for example, was most beneficial for people suffering
from lung diseases, from rheumatoid diseases, and with mobility and hip, leg, or
back problems, while people who were divorced or widowed benefited more than
singles and married couples. Despite the multiple functionalities provided by the
telecare system, the personal alarm was mentioned to be the most important func-
tionality of the system, in parallel with the fact that people could immediately and
directly come in contact with the care center.

More tests of beneficial effects are required to test whether goals are met at the
end of a smart home technology implementation, preferably in a randomized con-
trolled trial (Evers et al. 2009; Black et al. 2011). Therefore one should define at the
beginning of such trial or project what effects are expected, and how this can best be
measured. This also includes selecting the target group in which best effects are
expected. A helpful tool is offered by Nictiz, who published a white paper on the
arrangement of e-health applications, considering the users, the technology, and the
care process (Krijgsman and Klein Wolterink 2012, see Fig. 1).

The second problem of a lack of evidence is that much knowledge on the effects
of smart home solutions is not sufficiently available to others (see also Peeters and de
Bie 2012). The knowledge on technologies and functionalities in home care is
increasing but still fragmented. This knowledge needs to be collected, made avail-
able, and distributed – in a tangible way, beyond scientific conferences – to all
stakeholders interested in implementing smart home technology. It is necessary to
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educate people for a new profession, both technology and care oriented, being able
to bring this knowledge to whom it may concern (e.g., the development of a telecare
wiki by J. Grin and P. Stevens (2012) and an eHealth Guide under development by
the Dutch Patient Consumer Federation (NCPF) (KNMG, NCPF and ZN 2012)).

The Technological Challenge

Despite the innovation initiatives, technical problems are still a major barrier for
successful implementation of smart home solutions. The technology to be
implemented must function at all times and, moreover, should be accessible. The
technology must be tailored to the situation and skills of the users, involving user-
friendly interfaces, comfortable technology interaction, and non-stigmatizing
design. Daily constraints such as memory loss, low vision, and hearing difficulties
(common constraints coming with age) might also obstruct the effectiveness of the
functionalities of the smart home technology.

For increased acceptance and effectiveness, technical problems, such as
malfunctioning devices, power loss, and connection failures, should be avoided.
Regarding accessibility, the smart home interface must fit the technology generation
it is designed for. When the envisioned users were in the third age (active retired), the
system should be designed according to the electromechanical technology genera-
tion (Docampo Rama 2001). A Windows-menu-layered interface design thus does
not meet this requirement. In addition, interfaces are often not designed for people
who have hearing loss, have low vision, or are somewhat forgetful. As a result, many
functionalities may not be known and used, as it does not exist in the mental
representation of the interface of its user.

To overcome the problems illustrated above, technology providers must be aware
of and communicate the limitations and possible (connection) problems of their
technology at the beginning of the implementation. Extensive user testing by the
technology providers – to increase awareness – as well as the development of a
flexible interface design is required. Smart home system design also needs accessi-
bility requirements for the hearing impaired and for the mentally impaired: synchro-
nization of sound and picture, subtitles, and visual feedback can help the hearing

user

technology

process

Fig. 1 Three dimensions
along which e-health
application can be classified
(Krijgsman and Klein
Wolterink 2012)
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impaired, while people with dementia or mild cognitive impairments need as less
interaction with the technology as possible and otherwise as intuitively as possible.

While the technology is not working without problems and interfaces cannot be
used solely on intuition, it is important to provide support and training. Without
support, problem situations during the use of the smart home solution lead to
de-motivation and a high probability of abandoning the system. Training on how
to use the technology is needed at all levels: people who interact with the system at
home, family members who remotely receive information, and nurses who interpret
incoming data. One should realize that older users need more guidance during pilot
tests than younger people, while caregivers need to be motivated to use technology
in the care process. The best way to increase the acceptance among caregivers is to
include the use and implications of smart home technology in the curricula of social
and nursing studies. Eventually, there must be an educational specialization in the
field of care and technology for this envisioned profession.

Smart Home Technology Organization

The project organization around the implementation of smart home solutions is
complex. One of the problems of implementing smart home technology is the idea
of stakeholders that innovation solely involves the implementation of these new
technologies. Implementing smart home technology is more than a technological
innovation. It particularly involves a process innovation. The introduction of smart
home technology in (home) care influences the structure of the individual care and
welfare organizations, while it often leads to new collaborations between health-
care, welfare, and service organizations. New working protocols need to be devel-
oped that fit the new processes.

An implementation process, in theory, proceeds with the following steps: (1) tech-
nology testing, (2) pilot (focusing on acceptance), (3) organizing underlying pro-
cesses, (4) implementation, (5) and use. However, effective testing of technology
and technology acceptance in practice are only useful in case the technology is on a
process level already partially organized. People comment or react negatively on
“the smart home solution” when the organization of processes is not properly
organized, although the technology might be acceptable. In this case, the technology
is not accepted, while it might have been accepted in case the processes were
experienced positively.

For a successful implementation, cooperation of multiple partners is necessary
(e.g., KNMG, NPCF and ZN 2012; Schippers 2012). When a company, housing
corporation, or welfare or care organization decides to implement smart home
technology in their business, the first thing to do is to bring together all other
stakeholders involved. The innovation is not the implementation of technology
alone; it involves cooperation with other businesses to provide new or other services.
It is important to innovate through a multidisciplinary, and preferably interdisciplin-
ary, project team (cocreation). As stakeholders may have different goals and inter-
ests, it is important to communicate these expectations in workshops or other
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meetings in which project goals are defined. It should be clear what effects each
stakeholder wants to achieve by implementing new technology. Setting goals and
knowing what benefits are expected are necessary to make decisions later on
regarding functionalities of technologies and also to evaluate whether project goals
are reached at the end.

The implementation and design route should also be more iterative. The stake-
holders involved must be aware of the fact that (Sponselee and Schouten 2012):

– Choosing technology is not the only (important) step toward innovation.
– Implementation is a process that takes time and involves a change in care

processes as well.
– In parallel with the technological innovation, the process innovation involves

revising processes and informing and training care professionals, in order to
increase acceptance in the workplace.

– End-users need to be well informed about and supported in the implementation
process.

– The process needs a proper overarching coordination.

The implementation of smart home solutions thus involves a range of steps to be
taken, related to the multiple stakeholders. In Table 1 an example is given of the
implementation steps and corresponding responsible stakeholders. The implemen-
tation steps on the left are partially based on earlier studies (e.g., the importance of
articulating and communicating the goals of stakeholders at the beginning of a
project; Sponselee 2013). Table 1 serves as an example of a tool that can be used
in projects to determine steps and responsibilities of stakeholders involved and
discuss, communicate, and agree upon these. The stakeholders will vary depending
on the project.

For Example As aging in place is a current trend/development, a local care
organization may want to extend their services, by connecting to older people living
independently at home, offering remote care on demand. They seek for partners that
offer welfare services (to support independent living). A housing corporation may
also want to extend their services, as their tenants become older and more care
dependent. These three partners should start their collaboration by communicating
each individual vision on implementing smart home technology (1). In a successive
step other stakeholders involved should communicate their goals, from their own
perspective and for whom, as all partners may have different goals (2). The needs
(of clients and formal and informal caregivers) that are expected to be supported by
means of the intervention should be determined (3), as well as the expectations
(4) and the possible role technology may play in this intervention (5). Next, the
technology should be considered as part of the services, processes, and protocols that
may need revision (6). Then, an implementation plan can be developed by several
stakeholders (7). As a result, new responsibilities and roles of the partners should be
considered (8). Providing information and training to professionals and end-users is
part of the implementation process (9). Several partners should take responsibility
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for information and help desk services (10). In addition to the implementation plan,
stakeholders should calculate internal costs/benefits in a business case, resulting in
costs for individual end-users as well (11). The user-friendliness of the interfaces
should be tested and preferably adjusted to the user group (12), providing variations
according to personal preferences and needs (13). For each step, it should be clear
which stakeholders take responsibility.

A Financing Structure Is Required

Costs associated with smart home technology implementation are related to invest-
ments, maintenance, and operation. These costs are often borne by funding agencies
only in the early stages of implementation. However, for continuation of implemen-
tation and use, there is a lack of financing structure. Also for large-scale implemen-
tation of smart home technology, a transparent and comprehensive structure is
needed, to answer all questions individuals have, concerning their financial
obligations.

An additional financial problem is that investments and financial benefits often do
not appear in the same economic sector. While care organizations invest in telecare,
hospitalization, medication, or other health-care needs may be prevented, resulting
in reduced costs for insurance companies and local and national government.

National and local government as well as health-care insurance companies must
consider their role in the structure and take their responsibility.1 The financial system
in the Netherlands, for example, is currently under construction to make the tech-
nology better accessible for everyone (screen-to-screen care for long-term care is
structurally financed from January 2012 on; telemonitoring for people with chronic
heart failures, telehealth for persons with diabetes, and teleconsultation will be
financed structurally in the near future (KNMG, NCPF and ZN 2012); video
consultation will be financed likewise physical consult with medical specialists
(Dorresteijn 2012)).

Another solution involves a paradigm shift, which will probably take longer, but
is inevitable. Especially Dutch citizens are accustomed to the so-called welfare state:
the government will take care of you whenever you are in need of something. Due to
the enormously increasing care expenditures, this welfare state can no longer be
preserved. The Dutch government is already economizing the long-term care, and
also domestic help is no longer be compensated for (Ministerie van Volksgezondheid
2012; Rutte and Samsom 2012). People will have to realize that they are responsible
themselves for more and more services that were previously provided by the
government.

1In the National Implementation Agenda (NIA) eHealth, the Dutch health insurance companies
(ZN) state that e-health will become part of the contract policies (and thus financial structure) with
care organizations (KNMG, NPCF, and and ZN 2012).
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Overall Conclusions

The recommendations presented here correspond highly with other current research
(e.g., Sol 2012; van Ginkel et al. 2012; Claassen and Willems 2011): involve the
older end-user or patient to come to needs-driven innovation, develop a thorough
plan beforehand with all stakeholders involved, write a business case, test the
concept before implementation, and include and take care of the implementation
process. Another important conclusion is the need for support and training of care
professionals, including the latest technology in care education, in order to get
potential care workers acquainted with smart home solutions, as well as including
the care application field into technical studies, in order to slightly bridge the gap
between developers and users of smart home technology.

Smart home solutions appear to be beneficial depending on personal situations or
for specific user groups, e.g., for people who are mobility impaired, who need
medication on a daily basis, or who receive specific therapy. Care organizations as
well as researchers have to invest more in defining user needs and effect studies.
Effects to further study in randomized controlled trials, for example, are increased
well-being, increased quality of care, and elongation of independent living, from an
end-user perspective. Beneficial effects for caregivers or care organizations may be
related to quality of care, reduced pressure on care, financial profits, or adequate
reply to care demand. What smart home solutions are best to achieve these benefits
should be considered thoroughly in advance.
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