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Due to the rapid aging of the Dutch population and aging-in-place policies, an increasing demand for suitable dwellings is to be expected. A significant contribution can be
provided by domotics defined as: the advanced technological equipment and services
in the domestic environment to sustain and to enhance the quality of aging in place as
well as empowerment of the senior citizen (in daily life).
In spite of varied researches, a study into the influence of embedding of technology in
the architectural structure of the dwelling lacks. Furthermore, the insight in the needs
and attitudes toward living in an intelligent house are missing.
The objective of this study is to optimise the quality of housing of independently living
seniors by integration of domotics into the senior’s domestic environment.
This research, based on literature review and qualitative and quantitative studies, (i)
provides an overview of the multiplicity of needs and attitudes of the older citizens
regarding smart technology in the domestic environment; (ii) assesses indicators of
integrated and intelligent home as perceived by the professional key stakeholders and
(iii) develops strategies and recommendations to incorporate the intelligent technology
in the architectural structure of the existing dwellings.
(i)
The applied research method consists of a parallel data collection and analysis
for the identification of the perspectives of the senior citizens and the professionals.
Study to inhabitants’ needs and attitudes toward domotics includes a qualitative and
a quantitative part. The qualitative study is explorative and diagnostic and provides a
picture of the older individual’s motives. This part has utilized a focus group which
included nine older individuals. The focus group procedure was based on triangulation
of cohort-group discussions, enabling techniques and in-depth interviews. This was
followed by a (postal) questionnaire survey which brought out the senior’s criteria of
domotics.
(ii)
On the other side of the spectrum, the assumption of the professional stakeholders regarding domotics are qualifying for the implementation of smart technologies in
the domestic setting. Through in-depth interviews the key stakeholders’ assumptions
are examined. The results were elaborated into a web survey amongst professionals in
seven European countries to confirm the criteria.
(iii)
Hence, the stakeholders’ insights are translated into attributes of domotic
homes. Based on the identified attributes, two houses, occupied by the elderly, have
been upgraded. This case study focuses on the infrastructural problem of implementation of domotics in the existing homes. It lays the foundation for the integration of
domotics into the senior’s domestic environment and confirms that an interdisciplinary
(design) approach is indispensable for merging of the demand and supply of the intelligent living environment.

i

The findings of this investigation indicate that needs, perceptions, environmental and
personal attributes of the senior determine the attitudes towards automation. This attitude can best be described as “critical/positive”. Too much automation is undesirable.
Ethical considerations are particularly related to professional stakeholders, especially
caregivers, whereas seniors are mainly interested in the functionality of domotics. In
the elderly housing, the stage of stand-alone devices is outdated. It should be focused
on the networked home and the integration of domotics in the house. Innovation by addition in a traditional construction environment often results in sub-optimal solutions.
The results confirm that the integration of intelligent technology in a house needs to
be a synthesis of the user’s needs, technology, the living environment and healthcare.
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Everything advocated against domotics is true, but
everything advocated in support of it is also true.
This Thesis

Part I

Fundamentals

The construction can help to improve the senior’s level of being independent. In
the coming decade the supply-led market will shift to a demand-orientated market. New forms of housing and new types of houses, such as domotic homes, need
to be developed.
This part discusses the social and technological trends and developments that
have an influence on the quality of housing.

Ik wil niet oud worden, maar wel lang leven.
Adriaan Morriën, Dutch poet
I don’t want to become old, but I do want a long life.

Backgrounds

Chapter

1

Research Design

This chapter explains how this thesis will go about achieving the main goal, being:
Integration of domotics into patterns of daily of the older
citizens and into building concepts to empower the occupants
of domotic homes and maintain their quality of life.

Introduction

1.1
AGING

The Netherlands are aging; the demographic composition of the population is changing at a high rate. The demographic trends signal “double aging” (Jong, 2003), referring to the “grey wave” caused by the “baby-boomers” born after the Second World
War and the rising life expectancy.
In 1970, there were 2.5 million citizens above the age of 55 (19% of the population),
in 2005 4.3 million (26%) and in 2030 this figure is expected to be 6 million (35%)
(CBS, 2009).
The Aging of the population is a global problem with radical consequences; the United
Nations named the 1st of October 2005 “International Day of Older Persons.” According to UN World Population Prospects (2001) the number of older persons (60 years
or over) will more than triple globally, increasing from 606 million today to nearly 2
billion by 2050. The increase in the number of the oldest seniors (80 years and over) is
expected to be even more noticeable, passing from 69 million in 2000 to 379 million
in 2050, more than a five-fold increase.
Europe is the leader in aging worldwide, and within Europe the Netherlands are the
front runner concerning the pace of aging which it is forecasted to be 64% between
1995-2020 while the average of the EU is 37% (Knook and Nesselaar, 2001). In the
first half of the 21st century, Dutch society will be dominated by the aging of the
population: based on US Census Bureau International Database (2010) the highest
percentage of people aged 55 years and over (up to 37%) will be reached by 20401.
According to Eurostat2 (2009), the share of older persons in the total population of the
European Union will increase significantly from 2010 onwards, as the post-war babyboom generation retires. Forecasts for the Western Europe population in 2030, based
on US Census Bureau International Database (2010), shows that to share of people
over 55 years of age will rise to 39%3 while 37% of the population in the Netherlands
will be 55 years and older by 2030.
The share of the group older than 80 years is expected to triple to 11.4% in Europe, by
2050, and according to UN World Population Prospects, life expectancy in Europe is
expected to rise from the current estimate of 73.2 years to 80.5 years.
These demographic trends have economic, political and social consequences, which
were addressed by a European Commission communication (1999) titled “Towards a
Europe for all ages – promoting prosperity and inter-generational solidarity”, which
encouraged active aging and equal opportunities.

1. The share of people over 65 years of age will rise to 23.7% by 2037 (CBS; www.hoesnel.nl/demografie_nederland/
bevolkingsprognose-2050.html)
2. Italy has the oldest population in the EU with a mean age of 42.3 years, i.e. almost 7 years higher than in Ireland, the
country with the youngest population.
3. In the EU-15, the share of people over 55 years of age will rise from 28% in 2005 to 42% in 2050 while this percentage will be 35% in the Netherlands (Eurostat, 2006). According to UN World Population Prospects (2001), there will be
more elderly people as one-third of Europe’s population (37%) will be at least 60 years old by 2050 and life expectancy
in Europe is expected to rise to 80.5 years from the currently estimated 73.2 years.

6

1.4 Structure of the Thesis

Census Bureau International Database, 2010)
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Figure 1.1.1: Population profile in 2030: Forecasts for the Western Europe5 and the Netherlands; based on (US

4. In 1994, more than 80% of the budget on services for older people was allocated to residential services. In 2002,
this was still the case, although there has been a very strong growth in home care in 2001 and 2002; but the proportion
of home care on the total care spending was only 5 % and the proportion on residential care services was 20 % (Singelenberg, 2003).
5. Western Europe includes Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and United Kingdom.
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However aging well and improving the quality of life for older citizens is progressively becoming an essential mission for most (European) countries. The EU is adopting
the aging related problems as part of the general strategy of the mutually reinforcing
policies launched at the Lisbon European Council (March 2000). This strategy is a part
of the approach of the European Councils in Nice, Stockholm, Götenborg and Laken,
since aging is expected to occur in most of the EU countries. Under the EU initiative:
“i2010: A European information society for growth and employment” (2005), three
“flagship initiatives on key social challenges were introduced” one of these is the initiative “Needs for the ageing society.”

6. Conclusions

Aging leads to great policy issues concerning the sustainability of the retirement plans,
the growing costs of healthcare, the care of seniors, and the decelerating effect on potential growth in Europe due to the social burdens increase (Liddle and Lerais, 2007).
According to the joint estimations of the committee for economic politics and DG
ECFIN, the age-related public expenditure for pensions, healthcare, and long-term
care in the EU will rise from 17.9% to 22.2% of the Gross National Product in 2050.
In the Netherlands the total public expenditure related to age is expected to rise 7% of
the BBP4.

Policies concerning the elderly have also changed in the Netherlands; the current policy aims at the substitution of intramural living6 for extramural living (Huisman, 2002;
Vrom-Raad, 2005), where living, care, and services are detached. More pressure is put
on this policy in the Netherlands than in some other EU member countries, Tinker et
al. (2003) writes in this respect: “In terms of policies the UK and the Netherlands are
both concerned with the increase of options for older people to remain in their own
homes. In the Netherlands, this policy is more emphasized as it rates a higher proportion of older people (aged 65 and over) in institutional care (9%) compared with half
of that (5%) in the UK.”
VROM, the Ministry of Housing, Spatial Planning and the Environment (2005) in
the Netherlands, stimulates projects and experiments aimed at extramuralization7. An
economical argument for extramuralization is cost savings due to less moving and less
expensive (intramural) healthcare. Independent living has consequently become an
important social item.
Viewed from an economic perspective, consistent with the SCP, The Netherlands Institute for Social Research, (2004), it seems that senior individuals who remain living
in their homes save society up to €16,000 per person per year. The SCP states that the
costs net of healthcare will drop if older citizens remain living in their own homes.
This is often true for the older people with disabilities who need intensive home care
as well.
The convincing conclusion seems that investing in facilities and accommodations for
“aging-in-place” will be profitable for the society in the long run.

AGING IN PLACE
The three societal revolutions of the 21st century, i.e. demographic change, ICT
developments and post industrial society, have also affected the architectural design
and building science.
In fact, the accelerated aging of the population have had a direct impact on the organisation of living environments. Aging and experiencing aging problems depends on
the health condition of the older adult, the personality and the living environment and
housing conditions of this person (WHO, 2001; Taylor, 2002). In 1990, the concept
of aging-in-place was described by Patalan as relatively new and ambiguous. Since
then, it seems that aging-in-place has become an accepted concept. The continuation
of independence, especially through the control of one’s domestic setting to a certain extent, is one elementary characteristic to the successfulness of aging-in-place
(Lawton, 1982). Aging in place is a philosophy as much as a concept that promotes
independency and liveability of all types of houses (Lawlor and Thomas, 2008) which
6. The Dutch healthcare market is divided in two sectors for the purpose of policy and financing. The two sectors are:
i) Intramural, comprising of acute hospital care, care for the mentally ill, care for the disabled, and residential and nursing care homes; ii) Extramural, comprising of specialist practices, general practices, dental institutions and practices,
midwifery and paramedic practices, supply of medicines, and public health institutions (Huisman, 2002).
7. While ICT can offer more possibilities for protection and monitoring from a distance in residential environments; in
care, ICT can make a contribution to the ongoing extramuralization and integration of car on a social level.

8

8. Irving Janis, Groupthink: psychological studies of policy decisions and fiascos, Boston: Houghton Mifflin, 1982.
9. A simple definition of co-morbidity is “the concurrent existence and occurrence of two or more medically diagnosed
diseases in the same individual, with the diagnosis of each contributing disease based on established, widely recognized
criteria” (Akker, M.; Buntinx, F.; Knottnerus, J.A. (1996) Comorbidity or multimorbidity: what’s in a name? A review of
literature, Eur J Gen Pract 2, pp: 65–70).
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All in all, aging is a complex phenomenon, i.e. neither simple nor complicated; it
is physically and chronologically dynamic in that it includes chronic conditions and
co-morbidities9, whose complexities are compounded by the presence of geographic
and cultural aspects, which are further compounded by issues that fall in the field of
political-economy (Scofield, 2003).
Mentioned factors, i.e. demographic developments, technological and social changes,
and variable characteristics of seniors, influences the requirements for houses suitable
for seniors. Quality improvement of the housing for the older adults is required in order to face the consequences of the aging society in the Netherlands.

6. Conclusions

refers to the ability to remain in one’s home or neighbourhood as long as possible
(Nasar and Evans-Cowley, 2007) regardless of the age of the occupant or his level of
abilities. This concept supports not only fundamental attachments of the older adult
but also the level of wellbeing, convenience, security and care. Aspects of universal
and barrier free design, adaptability, visitablity, and accessibility (Lawlor and Thomas,
2008) are incorporated in the aging in place philosophy. This signifies that aging-inplace is a rich and potentially fertile area of study, as it befits the age in which we live.
Aging in place is a wake–up call for all (design) professionals (Lawlor and Thomas,
2008) among others the architects. Moreover, it emphasizes the major opportunity for
those who appeal to the needs and wellbeing of residents and who understand how to
integrate these needs into today’s designs that will benefit the dweller in the future.
But there are also experts who think the idea of aging-in-place is a “groupthink mentality8”. Golant (2009) questions “this unbridled enthusiasm around aging in place and
argues that staying put is sometimes an inappropriate strategy to address the housing
and care needs of older homeowners”. He believes moving to an “affordable clustered
housing-care” is sometimes a better alternative. He reasons that some challenges that
people in middle to lower income brackets face when choosing senior housing solutions and he therefore, proposes specific reasons to challenge the mind set of advocates
of aging in place such as: flawed data and restricted options, restricted financial solutions, the quality of the dwelling environment, the quality of the care giving environment and biased government policies.
This research focuses on enabling independent living for as long as possible, with the
comment that it is not always the best or only solution for the conservation of the quality of living. The literature review reveals that residential elderly homes have increasingly succeeded in creating a homey atmosphere for the older people needing care
(Sheehan and Oakes, 2004; Wilden and Redfoot, 2002).
An important change concerns the seniors themselves; the seniors of today are different in several areas than the seniors of the past (e.g. Dychtwald and Flower, 1990;
Vrom-raad, 2005; Freedman, 2002; Verté and Witte, 2006). They desire to stay active,
they wish to remain involved in society, plan their life independently, and organize
their life independently. This aspect is discussed elaborately in Chapter two.

One of the opportunities presented by innovation in science and technology is domotics or intelligent applications in the domestic environment (see further sub-section: Issues in Defining Terms). Domotics can contribute to aging-in-place (e.g. Barlow et al.,
1999; Harper, 2003; Himanen, 2003; Lawlor and Thomas, 2008) on condition that the
product development problems, including the adoption and implementation problems,
can be solved.
The purpose of this dissertation is to outline the implementation of the domotics technology in domestic settings particularly for the senior citizen. Most of the innovation
and technology needed to move toward; a domotic home is already available but has
not and is still not used in a substantial way.
In the next sub-section, the developments, problems, and challenges in the area of independently living in domotic homes are discussed.

THE ENHANCEMENT OF QUALITY OF LIFE THROUGH
QUALITY OF HOUSING
The World Health Organisation (WHO) describes quality of life as follows: “Quality
of life (QOL) is defined as individual’s perceptions of their position in life in the context of the culture and value systems in which they live and in relation to their goals,
expectations, standards, and concerns.”(1995). Alexis Carrel, Nobel Prize winner in
1912, stated that the quality of life is more important than life itself.
According to The Dutch Ministry of Housing, Spatial Planning and the Environment
(VROM, 2006) Dutch people altogether live and work between four walls on average
85% of the time. This underlines the importance of the quality of housing (QOH). Improvement of QOH is required to improve QOL of the older people.
Also, gerontological insights offer help to determine the quality requirements that are
set for houses for seniors. Gerontology strives to sustain and possibly improve the
“quality of life.”
One of the most challenging paradigms regarding QOL is “active aging10”; a term that
is slowly being used more often in current policy discussions on an international level,
which has been put forward by the World Health Organisation. According to the WHO
(2002), active aging11 is: “the process of optimizing opportunities for health, participation and security to enhance the quality of life as people age.”
The mission is not so much to add years to life, but to add quality to life: “to add life
to years.” Gerontology speaks of the development of independence in the past, to independence now, and to self reliance in the near future.
The quality of life of seniors is threatened by the weakening social role and social relations and by the consequences of sickness, accidents, and reduced vitality.
Acceptance of the decline in capacity of a person is referred to as an assimilative
10. Activity theory advocates that senior citizens live longer and have more satisfactory change to old age when
they maintain the activity levels that characterized their middle years and add new activities to substitute for any lost
(Bonder, 2001).
11. A similar term, aging well, is used by the European Commission on Aging Well in the Information Society (European Commission (2007) Aging Well in the Information Society, An i2010 Initiative, Com 332 of the European Commission, Brussels)

10

12. RTD info is a quarterly magazine published by the European Commission presenting a mix of research results and
debate on scientific subjects. The common theme is Europe.
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The increase of Quality of Life (QOL) of the occupant by improving the Quality of
Housing (QOH) is hampered by the conservative attitude within the construction sector. In this context, Lichtenberg (2005) mentions that “housing is traditional from
the construction phase and that there is little accessibility for innovation. There is
only room for little adjustments (“innovation by addition”). As far as engineering is
concerned, process and organisation within construction is far behind social developments.” It is only on occasion that the anticipation of large changes in the housing
demands of seniors is discussed within the construction industry. These changes form
an important and promising challenge within the sector.
In this respect the European Construction Research Network in the report Future
Needs for European Construction RTD12 (2005) implies: “The construction sector is
generally considered to be a mature and traditional sector; its internal structures and
process have evolved over centuries and manifest the plethora of separate professional
and trade interests, and the complex relationships through which construction projects
are carried out.”
The European construction Technology Platform (ECTP) is an organisation that is occupied with the vision for the European Construction sector. This platform has established a Strategic Research Agenda and a vision for 2030, by which time the partners
look forward to the availability of intelligent houses, among other things. “In the year
2030, Europe’s built environment is designed, built and maintained by a successful
knowledge- and demand- driven sector, well known for its ability to satisfy all the
needs of its clients and society, providing a high quality of life and demonstrating its
long-term responsibility to the mankind’s environment.” (ECTP, 2005)
The program distinguishes seven focus areas and 8 road mapping themes, including a
“value-driven business processes” and “customer-centric products and services”.
The Section “Intelligent Construction” of the program also concerns the application
of domotics in the dwelling; this vision calls for a knowledge and demand driven construction. Some of the mentioned challenges for which the construction sector should
provide innovative solutions are “On board intelligence“: the house should become
sensitive with useful integrated sensors, ambient connection and prevention systems
and ambient assisted living for disabled or ageing people.

1.4 Structure of the Thesis

Brandtstädter and Renner (1990; Brandtstädter, 1992) argue that the accommodative
mode of coping should sooner be considered as a neutralization, than as an active solution of the problem. Active assimilative attempts become fruitless due to the extent
to which accommodative tendencies are activated and should not be viewed as a conscious choice of free will. With an accommodative behavioural reaction the situation
is actually set to their own hand, by optimal adaptation of the dwelling and application
of domotics, supplemented with healthcare where necessary. For the architect (van
Vliet, 2004), this accommodative behavioural reaction are the starting point of home
adaptation.

6. Conclusions

behavioural response; the acceptance results in the loss of their aspired lifestyle. The
senior is often forced to adjust himself to his (physical) limitations and often unsatisfactory housing situation.

When changes in the field of intelligent technology rapidly take place in the construction industry as a related area, this change fails to happen accurately.
Furthermore, in accordance with ECTP13 (2007), there is a need for integrated approaches and concepts that make the living environment, comfortable, secure, and accessible, especially in the case of older adults. This certainly requires knowledge about
the needs of this target group.
ECTP indicates a lack of awareness and knowledge about needs of the user and the
impact of the building environment on his perception of comfort and safety.
A lack of focus on end-users and short-term price-based competition are some of the
problems of the building industry which are mentioned in the report Future Needs for
European Construction RTD14 (2005). Some of the “Top Level Goals” to become an
integrated, and performance-driven sector is to focus on value, and not on price, to
esteem the user’s needs and development of intelligent control systems, responsive to
user requirements without interference.
There is no single solution to problems of integration of technology in houses for older
adults; this is a complex and dynamic process (Laberg, 2005; Himanen, 2003). The
European Construction Research network (ETD) points out that by anticipating the
development of new forms of sensor and communications, the home will be equipped
with on-board intelligence. With the provision for sensors and extensive cabling, the
home is capable of evolving to suit new generations of devices; environmental systems
will sense and control lighting, heating, security, fire detection, air quality etc. On the
other hand, according to the Lisbon European Council of 2000 and the e-Europe Action Plan (prolonged to 2005), new technologies should not become a source of exclusion for society. Universal access is, therefore, not limited to access to infrastructures;
it also includes access to services and applications as well as access to the necessary
resources to make use of intelligent applications in the home and the everyday environment.
There is also an increasing demand for diversity in the housing industry. Various researches from different countries such as Great Britain (Ball, 1999; Ozaki, 2003), the
USA (Kendall and Teicher, 2000), Japan (Barlow et al., 2003; Gann, 1996; Noguchi,
2003), and the Netherlands (Thillart, 2004) confirm that the construction sector is
seeking for higher levels of demand-oriented housing strategies.
However, there is still a deficit of knowledge when it comes to the needs and the attitudes of the dweller (ECTP, 2007; Dellaert and Stremersch, 2005) especially when
it comes to the design of suitable houses and to develop products for older adults.
Himanen et al. (2003) describe the research into needs and attitudes of the dweller as
the “generators of demand-driven housing.” They argue that “the universal knowledge
of the resident’s behaviour helps to understand commonly shared housing requirements needed for human engineering. Product variation of the house types satisfies the
personal needs and wishes or the wishes of the family.”
13. Efficient research and development efforts are needed to bring about meaningful innovations that meet the major
challenges posed by human needs for a built environment with safe and comfortable shelters and workplaces whilst the
preservation of the natural environment in the long term is well taken care for (ECTP, 2007).
14. RTD info is a quarterly magazine published by the European Commission presenting a mix of research results and
debate on scientific subjects. The common theme is Europe.
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15. A zero-stair house is a house that is accessible both internally and externally. External accessibility means that the
living room of the dwelling is accessible from the street without having to walk any stairs. Internal Accessibility means
that the kitchen, toilet, bathroom, and at least 1 bedroom are all accessible without having to walk any stairs (Vrom,
2007).
16. Dutch National Housing Research (WoonOnderzoek Nederland -WoON) is an investigation set up to identify the
residential needs and living situation in the Netherlands.
17. In comparison to the Total housing stock of almost 7 million homes (2006), only 1.5 million are declared as zero-
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The demand of the seniors for single-story homes is increasing. In the report “Monitor Investment for the Future 2006” (ABF Research, 2007) it has been calculated that
in the period 2006-2015, 406,000 single-story homes (on average 45,000 per year)
should be additionally available for the elderly and people with disabilities. 116,000
of these houses should be designed for people with severe healthcare needs; that is, on
average, 13,000 homes per year where residents can receive care on demand17.

5. Integration

In order to contribute to the independently living of the senior citizen from the perspective of quality of housing, insight is required into the entanglement of the architectural
problems with the social developments and the options of current generation seniors.
The current housing stock for seniors is problematic: they are quantitatively and qualitatively insufficient and inadequately adaptable. The developed property for seniors is
very limited, unsatisfactorily demand-orientated, and inflexible. Of the circa 7 million
current houses in the Netherlands, more than half (55%) are owner-occupied houses,
over one-third (35%) public-sector rented accommodations, and one-tenth are private
rented houses (Thomsen, 2006); 1.8 million are built targeted at elderly people, especially altered or single-story homes15 (WoON16, 2006); whilst almost 5 million houses
i.e. 75% of the housing stock, according to the accepted definition, have been stated
to be “not suitable for seniors” (Brouwer et al., 2004). Determining the scope of current suitable homes for the elderly strongly depends on the applied quality indicators
(VROM-Raad, 2005).

1.4 Structure of the Thesis

Nevertheless, there is a shortage of suitable houses for senior citizens (ECTP, 2007;
Himanen et al., 2003; Lichtenberg, 2008; Laberg, 2005). There is a need to develop
new concepts and technologies to upgrade (existing) house.
Aging-in-place is a complex topic because it is embedded in the broader context of
the social, physical and organisational environment. Living independently in broader
terms does not only require a suitable home, but also requires an accessible environment, access to quality personal help, technical help, healthcare, informal care (support from family and friends), a safe financial position, transportation and mobility
options and meaningful leisure activities .
This means that in order to optimise a senior’s home, not only healthcare must be
sustained, but also the suitability and accessibility of care and services in the near surroundings.

6. Conclusions

It is important to gain insight into the residential needs and attitudes of seniors in order
to develop domotic homes in which senior individuals can live in independently for as
long as possible. These are decisive for the determination of the senior citizens’ preferences regarding domotics. In this investigation the relation between the inhabitant’s
needs, preferences, and underlying motives are investigated by the user needs analysis
and research into the attitude.

Nevertheless, the building sector will be confronted with a numerous of changes regarding housing construction and adaptation of the existing stock for the elderly. Besides the availability of single-story homes, improvement and retrofitting of traditional
(linked) single-family houses can be the key to more suitable accommodation for the
elderly. Hence there will be no need to change these houses into single-story homes.
It is for this reason that this study pays attention to adapting and retrofitting of the
existing stock. A facility that can contribute to the autonomy of the independent living
senior citizen is the application of domotics (e.g. Barlow et al., 1999; Harper, 2003;
Himanen, 2003; Eizmendi et al., 2007; Steg et al., 2006). This problem will be discussed at length in Chapter five of this research.
Concepts of active aging and aging-in place are an interesting way to advance QOH by
matching supply and demand.
This thesis argues that future technologies for active aging provide a new and promising housing concept to tackle the challenges of aging, to transform them into opportunities and to use as many opportunities as possible presented by aging by matching the
demand and the supply.
The application of domotics should be more demand driven, dynamic, and adaptable
and should be integrated into the design of the house.
Several international developments and projects in this field are discussed in the following section.

stair houses. And 129,000 homes are considered as “sheltered homes” for individuals that demand (intensive) care.
According to the Elderly Report of 2006 of the SCP, about one fifth of all seniors lived in an adapted home in 2004. This
corresponds with the almost 750,000 elders and 500,000 homes. In their publication: “Kerncijfers WVG 2006,” the ministry of the VWS states that 80,000 WVG home adaptations were requested that year by 66,400 people (of which 47,350
were 55 years old and over), with a value of €172 million. 9.3% of these requests were denied by the local government.
There are still seniors with moderate to heavy limitations that do not reside in adapted homes, respectively 42.6% and
33.3% of all 55 years old and over (ABF Research, 2004).
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The situation in Germany shows many similarities when compared to the situation in
the Netherlands; small scale communal dwellings (“Hausgemeinschaften”) developed
due to the dissatisfaction of nurses with the large scale residential care homes (Singelenberg, 2003). According to ICT and Aging European Study on Users, Markets and
Technologies (2008); in Germany, social alarms have been available for over 25 years,
they are currently being used throughout the entire country and conventional housing
corporations are now incorporating social alarm services in their projects. A variety of
stand-alone domotics applications are on offer on the German market (e.g. home security systems, automated awnings, energy management systems, intelligent lighting
systems). Yet, so far, networked domotic home solutions relevant to the needs of older
people have only been put into practice in pilot situations.
18. It refers to the basic activities that support survival, including eating, personal hygiene and social contact.
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Similar developments take place in other countries.
Most of the housing for seniors in the United States of America are private residential communities (Continuing Care Retirement Communities). These communities are
different in financial arrangements, profile leisure, and care. Universities did a lot of
research into the needs of seniors. The conclusion was that social contact, activities,
and comfort should be the priority.
In this study, both comfort and daily activities are addressed during the user needs
analysis described in Chapter three. Living in these residential communities was preferred over living independently, but presupposes sufficient finances. People find that
domotics has little added value and is too expensive. People actually state that there
is plenty of staff to provide personal care (Straks, 2006). Numerous trials of domotics technologies are occurring nationwide (e.g. MIT’s AgeLab, University of Florida
Smart Home, Aware Home Research Initiative, Duke Smart Home Program), many of
which are driven by industry funding provided to research institutions.
However, up to now, there does not seem to be any major main streaming, causing the
breakthrough to be very low in reality. Alternatively, some of the services provided in
the field of tele-healthcare have been main streamed; including the Low ADL Monitoring Program (LAMP), which is located in Florida, which is a Community Care Coordination System program (Johnson and Bendixen, 2005) intended to answer to the
needs of veterans with ADL18 limitations, through care coordination and the utilization
of home monitoring and communication technology.

5. Integration

In the Netherlands, an ongoing development concerning shifting from intramural to
extramural housing for the older citizens is present. Research has been done in several
subfields; to name a few: researches compliant with adaptability of houses, alternative modes of housing such as small scale communities, quality requirement for the
housing for the older adults to have a quality mark; researches into the user needs by
divers research institutes and universities (e.g. TU/e, TNO, Netherlands Housing Research (WoON), Kittz, NIZW) and by various housing corporation and companies and
organisation.

1.4 Structure of the Thesis

1.2

6. Conclusions

Frontiers of knowledge on Domotics

In the United Kingdom, the majority of services for older people are either funded or
directly provided by public sector agencies (Sixsmith, 2002). Between 1955 and 1990,
research took place concerning “sheltered housing,” resulting in a hybrid of independent living and intramural living. The concept was: moving from one mode of living to
another as the demand for healthcare changes.
Due to criticism on “sheltered housing” – for example: people did not have insight into
the needs of seniors – an investigation was started into the residential requirements and
needs of seniors around the 1990s. This resulted in the living form “extra sheltered
housing”: seniors remained in the same dwelling with extra care. The application of
domotics has also been discussed in this case (Nies, 2004; Sixsmith, 2002). According
to Sixsmith (2002), although the potential of domotics is known, no clear development
strategy or targets have been mapped out and a clear vision of how this technology
should be developed and implemented in the future lacks.
According to Kristensen (2007) approximately 20% of the entire Danish population is
more than sixty years old and almost all elderly people live in ordinary housing: single
family houses, social housing, rented private-sector housing, etc. Only a very small
proportion (8%) of the elderly live in housing that in some way or another is specially
designed to cater to their needs. He argues that one important explanation of why most
elderly people in Denmark prefer to remain in the home they have always had is that
they can receive home help and be nursed in their own homes if they become frail. It is
the local authority that grants help on the basis of the needs and requirements of each
individual elderly person. In other words the level of accommodations for seniors in
Denmark is very high; keywords of the Danish model are: small scale character and
hominess. Care and wellbeing are merged; the accent is not on healthcare, but on social services. Seniors can remain living independently or choose to live in small-scaled
clusters of houses with district amenities around which are present in each municipality. The principle of small scale home has been broadly carried out and has been realized by the separation into districts (Banks, 2004).
Research is taking place in other Scandinavian countries into, among others, the
meaning of domotics to rehabilitation and preventive healthcare. They strive to improve mental and social skills.
In Norway and Finland, domotics and ICT are being implemented broadly, also due to
the strong individualism and long distances. For elderly people in Finland, private and
municipal nursing homes exist, sheltered houses and old people’s homes, or they live
at home; which housing type depends on the person’s financial situation and physical condition (Aalto and Saari, 2009; Immanen-Pöyry, 2003). In Finland the majority
of sheltered housing for the senior citizens falls to some degree under the category
domotic homes, and contains certain domotics devices such as automatic fire alarm,
automatic lighting and electronic door opening systems.
Moreover, in Finland all senior citizens have standard personal alarms in their home.
This concept for senior living in Finland includes the idea of universal, barrier free, and
prepared for the future with ready built networks. The development of housing might
follow the principle: broadband access, home portal, digital home, and digital living.
However, the financing of implementing such systems is an issue; no one is willing
to invest, even though investors could save immensely on running costs. Services and
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The CARMEN-project, initiated by the EU, produced policy proposals and recommendations for the advancement in integrated elderly care. One of the recommendations aims at the contribution of ICT to integrated healthcare facilities and especially
to develop methods to stay independent in an environment that the older adults are free
to choose for themselves (Tamsma and Berman, 2004).
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The Netherlands counted about 40 domotics pilots in 2001, with a total of about 1500
dwellings that contain different combinations of applications (Nouwens and Corpeleijn, 2003; Vermeulen, 2006). By the end of 2007 some 40,000 homes had been equipped

5. Integration

Generally, these investigations focus on the aspect of “safety”, for example towards
alarm and warning systems. Programs have also been developed for virtual care and
tele-healthcare (e.g. Mann, 2005; Bushko, 2005; Caso, 1999). Due to developments in
the field of personal alarms and telemedicine, more seniors can remain in their homes
in the future (Singh, 2005; Peeters and Francke, 2009; Johnson and Bendixen, 2005).

4. Professionals’ Perspectives

In Sweden research has also been done into the development and implementation of
domotics systems. Due to the wide availability of broadband in Sweden, several new
services have developed such as: a national IT infrastructure for healthcare and energy
measurement in houses. In the year 2000, a programme was initialized within the
Swedish Handicap Institute called “IT in Practice” which aimed to develop and apply
IT for handicapped individuals (Spindler, 2001). The final evaluation of a nationwide
infrastructure in Sweden called Sjunet, which is part of Carelink (national cooperation
for the development of IT in healthcare), showed that a good infrastructure both within
the home and nationwide open up possibilities for the support of independent living.
Essen (2006) concluded that many innovative projects in Sweden failed because of the
fragmented approach on the component level, by lack of finance, and by lack of cooperation between different actors that were involved in independent living. It is recommended to use a multidisciplinary approach, where the target group itself is involved
in the developments from its initial phase.

1.3 Methodological Approach

Norway has a long experience with domotics and services in the home care systems,
especially aimed towards seniors (suffering from dementia). The “independent living”
trend started in the 1990s. Laberg et al. (2005) carried research out on smart home
technology and the functionality of domotics regarding the improvement of care and
safety within the home (passive and active alarm). An increasing number of private
“senior profile” apartments have been constructed. The technologies mainly used in
these projects are geared at increasing security, comfort, energy economizing, and
entertainment, and should be utilized as the occupant needs alarms or environmental
control systems at a later stage in life. Smart home technology is funded as part of
the building as the applications are installed as a home service; the costs are hence
included in the rental costs of the apartments. Likewise, they researched how technology supports self-reliability. In their conclusions, they emphasize the complexity of
independent living.

6. Conclusions

technical solutions for people with a disability will always remain “tailor-made.”

with domotics. According to ICT and Aging, European Study on Users, Markets and
Technologies it is estimated that this number has increased by 22,500 homes by the
end of 2008, which means that about 3% of the older adults lives in domotic homes in
the Netherlands.
A number of evaluations and studies into the needs have been done by different organisations such as, TNO, NIWZ, NIDO, KITTZ, and PON ; these were mostly focused on
the usability of devices (e.g. remote controls) and the utility of certain functions such
as alarms. It was concluded that seniors do want to use domotics, but several practical
problems tied to the user friendliness of devices (Ouderenproof, 2005) and the lack of
information and post-purchase customer service need to be resolved.

CHALLENGES TO BE SOLVED
Domotics is not new, but for a long time the emphasis was on the technology. Experience has shown that people are not waiting for an overdose of technological ingenuity.
Domotics can be an adequate medium to empower the senior for a self-reliable life,
as long as a balance is struck between the daily activities of seniors and the share of
technology in it. Seniors want to decide independently whether or not they will apply
current technology; this can conflict with the rigid domotics applications. Technology
must respond to needs and feelings of the seniors feel about advanced technological
appliances at that particular time. It seems from research carried out by Leppänen and
Jokinen (2003) that people want to save money, energy, and time with a “smart home”
but do not want to change their daily activities without any reason.
Concerning the question about whether or not the phenomenon; domotics, belongs in
the architectural domain, Poelman states (2006): “There are professionals who assume
that these are additions to a building which architects don’t need to deal with. Nevertheless there are also architects who find that intangible aspects of the dwelling are
just as much a part of the architect’s domain as any other; particularly when the use
of the dwelling is affected so deeply by these products. The architect designs a facility
to live in; this also concerns functions that are related to the control of the residential
functions.”
Both tangible and intangible dimensions of the home constitute important issues (e.g.
Priemus, 1984; Silverstones and Kirsch, 1992; Eggen and Kyffin, 2005). Recently
architects have specifically paid attention to the physical means, such as temperature
and light, to create conditions for living. On the other hand, less attention is paid to
aspects such as information and communication in the domestic setting. However,
intangible features increasingly represent the use value and quality of a house. These
features, including domotics to support and reinforce the residential functions, are being implemented more often.
Hence, it seems relevant to investigate the implications of domotics for the design
itself and the implications for building services from an architectural point of view.
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19. Slimbouwen® responds to these kinds of problems (Lichtenberg, 2005).
20. The literature review (Heijs, 1992) reveals four categories comfort: perceptual, interactive, facilitative, and personalization comfort.
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Whether or not continuing to live independently, as far as the home is concerned, is
determined by various factors. Not only the feeling of safety is crucial, but also an acceptable level of residential comfort needs to be attained. Improvement of residential
comfort contributes to the extension of the period of living independently. Current
domotics applications are mainly geared at alarm, monitoring, security, warning, and
safety. Apparently, seniors appreciate the improvement of comfort; it appears that they
do not react adversely to innovative technologies. During the introduction and acceptance of the mobile phone, it was – after a period of rejection- the comfort and convenience of the device that convinced this target group.
Comfort improvement could be a key factor to penetrate this target group, and simultaneously gain their trust in domotics. If this target group is addressed by the benefits
and ease of domotics, it can bring a change in their attitude towards domotics. Consequently other domotics functionalities could be introduced much easier.
Accordingly, this study pays attention to the broadening of the range of application of
domotics to the improvement of comfort in the dwelling.
However, it must be noted that there is no univocal definition concerning residential
comfort.
Residential comfort is understood in this study as the absence of discomfort in the
living environment, which is distinguishable from luxury. Discomforts include bottlenecks, irritations, inconveniences, hazards, etc., which are caused by limitations in
mobility, medical issues, or limitations in the Activities of Daily Living (ADL)20.

6. Conclusions

The history of architecture is evidence for how new technological developments have
influenced the building concept. For example: due to the introduction of central heating into the dwelling, the chimney as a fixed element has completely disappeared from
the concept; the rise of fitted kitchens in various variants has had implications on the
spatial plan of the design; the technical availability and need for warm water in the
dwelling has influenced building services and has led to the design of houses with a
bathroom.
In the same way, domotics may have a substantial impact on the building concept;
consequently, in this investigation, domotics will be considered to be part of the architectural domain, and research will be done into the influence of domotics on the architectural structure of the house. The integration of domotics in the building concept is
advocated; i.e. by the anchoring of domotics in the architectural structure. Also related
to later applications, expansion, and replacement of domotics applications anticipation
is required from the design phase onwards. Changes ought to be realized in a relatively
simple manner “dynamic adaptation” (Mohammadi, 2007) by using “smart architectural concepts”19, among others a flexible plan and the unbundling and ungrouping of
building services.

Domotics is advancing (ENBRI21, 2005; Pragnell et al., 2000; Friedwald et al., 2008);
the development of domotics technologies is moving at a high velocity, but their domestication and integration into daily life is still in the experimental and pilot stages.
The side effects should be identified and avoided. The seniors’ pattern of normal daily
activities is not to be unnecessarily broken. Special attention is paid to this aspect in
this investigation. An enforced automation of activities, that are usually done by the
senior him- or herself, could lead to the decrease in social contact and could even lead
to accelerated mental deterioration. The creation of a senior friendly dwelling or community does not necessarily mean that all obstacles must be removed; these can actually form a stimulus or challenge for the senior.
Elders do not want to be recognized as care needy; seniors could be embarrassed by
domotics alarm and security devices. The application of domotics may not be stigmatizing to the senior. Better matching of supply and demand and a more careful implementation process are terms for acceptance.
Essential requirements for acceptance are that domotics matches to the seniors’ personal life style and is integrated into their daily life (ECTP, 2005; Himanen, 2003).
Research that offers insight into the requirements of a domotic home is still lacking.
This concerns research into intangible aspects such as residential needs and senior’s
attitude, and research into the tangible aspects including the integration of domotics
into a home.
It is important to gain insight in the influence
of technology on living environment, i.e. in
the experience of living in a domotic home.
Furthermore, the insight in the influence of
embedding of technology into the architectural structure of the dwelling lacks.
This integration is of substantial importance
for the acceptance and implementation of domotics. In this PhD thesis it is about the way
in which, the extent to which, and the procedure through which automation is introduced
into the dwelling and by those means into the
life of the senior. These factors together determine the extent of “empowerment,” through
which the senior is equipped and is enabled
to live self reliantly. In this thesis, research is
done into these conditions.

Figure 1.2.1: Integration: Bridging the gap between the senior, home, and domotics technology

This brings to mind a domotic home, in which technology is integrated into the building concept and the domotics applications are merged with the needs and lifestyles
of the senior. In brief: a house which meets the needs of its occupants and helps to
enhance their quality of life.
21. European Network of Building Research Institute.

20

The meta objective of this study is to contribute to the enforcement and improvement
of the quality of life of a senior by improving the quality of housing.
The goal of this study is the optimization of the quality of housing of the independently living senior citizen through the integration of domotics which means to create
interplay between technology, home, and occupant.
For this purpose, domotics must be integrated into the daily living patterns of the senior person and needs to be integrated into the building concept.
Together this generates the “empowerment” that enables the senior to be self-reliable.
The subject does not only concern the physical shaping of the living environment but
also the intangible dimension, perception, and attitude of the inhabitant.

1. Research Design

1.1 Introduction
1.2 Frontiers of Knowledge on Domotics

RESEARCH QUESTIONS

2. Dweller, Domus, Domotics

The considerations and discussion mentioned above leads to the research questions of
this investigation.

3. Seniors’ Needs

According to ECTP (2005) there is a shortage of knowledge of needs of the elderly and
acceptability of the domotics. Furthermore the insight in the influence of embedding
technology into the architectural structure of the dwelling is lacking.

1.4 Structure of the Thesis
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5. Integration

The first research question (RQ1) is answered in Chapter three of this study, the answer of the second one (RQ2) will be found in Chapter four and Chapter five gives
insight into the RQ3. The structure is elaborated in Section 1.4.

6. Conclusions

In order to provide an answer to the central thesis question, the following research
questions are derived:
RQ1: How can domotics technology be integrated into the patterns of the daily living of older adults?
RQ2: In which way can the supply-side facilitate domotics in the domestic setting
of the older people?
RQ3: In which way can domotic homes contribute to fulfilling the needs and affinities of the senior?

1.3 Methodological Approach

In what way can the integration of domotics contribute to the optimization and
prolongation of the independent living of the senior citizen and thereby maintaining
the quality of life?

4. Professionals’ Perspectives

The governing question forming the rationale for this research is as follows:

ISSUES IN DEFINING TERMS
SENIOR CITIZEN
There is no clear benchmark that decides whether or not an individual is considered a
senior. The literature review reveals four types of age: chronological, biological, psychological and social age (Chodzko-Zajko, 2001). Dychtwald and Flower (1990) say
that there are neither biological nor psychological reasons for setting a certain age to
identify seniors. For this reason, there is quite a variety in society and literature with
regard to the age of a senior. The roots of the current benchmark for retirement age lay
in Germany, where the first government system for social security was founded (Dychtwald and Flower, 1990). In 1889, Bismarck set the biblical figure “three score and
ten,” being 70, as the retirement age, while the average life expectancy at that time was
49 years, with the intention that almost no one could reach the retirement age.
Later on, this benchmark was lowered to 65 years. Some (e.g. Kinsalle and Wan, 2009)
consider the retirement age as a basis for deciding when an individual is considered as
a senior. Others take the age of 47 years (Hooimeijer and Dieleman, 1986), 50 years
(e.g. Knook and Nesselaar, 2001) or 60 years (e.g. Eurostat, 2006, 2009) as a basis.
Neugarten (1978) distinguishes two groups of seniors, the “young-old,” people who
are 55 to 75 years of age, and the “old-old” people above the age of 75. In her book,
she describes these categories as very global and that this does not consider each individual situation. Her definition is being applied more often (Fry, 1996; Bonder and
Wagner, 1994); this is also applied by the Dutch Social and Cultural planning commission (Klerk, 2004).
In this study, individuals above the age of 55 are considered as senior citizens, in accordance with Neugarten (1978); knowing that chronological definitions do not form
a basis for the feeling of being old, because the functionalities and capacities of individuals have little influence on one’s lifestyle (Scott, 1995).

DOMOTIC HOMES
Different terms are constantly being used for intelligent technologies in domestic settings; domotics is one of them, which is a neologism (Andreoni and Pizzagalli, 2005;
Marletta et al., 2005), derived from the French “domotique,” a construction of the
Latin word “domus” (i.e. home) and “informatique” (i.e. the science concerning with
the collection, transmission, storage, processing, and display of information). Another
description states that the word etymology is older and is the result of a contraction of
two Greek words: “domos” (i.e. home) and “titemi” which means ordering and rearranging. Due to the familiarity and use of this term in several EU-countries, including
Belgium, the Netherlands, Italy, Spain, and France, this term is used for intelligent
technologies in domestic settings in this investigation.
Others have called domotic homes: “computer homes”, “electronic houses”, “intelligent homes”, “interactive homes”, “home automation”, “home informatics”, “home
telematics”, “smart homes” “connected home”, and “home electronic” (e.g. Mason,
1983; Mason and Jennings, 1983; Gann, 1992; Barlow et al., 1999).
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Such an environment can empower the inhabitant in daily life and promote the residents’ ability to cope with independent living by enrichment of the quality of housing. A home equipped with information technology which anticipates and responds
to the needs of occupants such as security, comfort; to assist variety of functions to
provide health care; to break through the boundaries of time and space, and to reduce
the costs. Hence, Clements-Croome et al. (2004) state that it should be a sustainable,
healthy, technically aware house that meets the needs of the occupants and business;
and should be flexible and adaptable to deal with change.
However, in this study, domotic homes are zoomed in on from an architectural perceptive and the effects of domotics on the inhabitant’s consumption of the home are
consequently observed. Other aspects such as technological and medical aspects are
not included in this perceptive. It refers to the current generation of domotics and the
attitude of the current generation senior citizen towards these domotic homes.

1.3 Methodological Approach

Obviously, this kind of definitions focuses on the buildings and offices and considers
the building as a physical element. A house is not the same as a building; the needs and
attitude of the inhabitant form an important aspect of a domotic home. Therefore, in
this study the term “Domotic homes” is used to indicate:
The convergence of advanced, intelligent and interactive technological
equipments and facilities in the domestic setting to sustain and enhance the
occupant’s quality of life regarding both tangible and intangible dimensions
of a domestic environment.

5. Integration

There is no universal definition of such a home. The existing definitions, depending
on the contemporary technology of the time, have constantly changed. From the 1970s
– when the first studies were carried out – to the present, domotic homes has evolved
several times. This will be discussed in Chapter two.
This trend still prolongs; due to aging and parallel to the shift of emphasis from techno-centred design towards human-centred design, in the past years some new terms
have appeared: e.g. “assisted living”, “ambient intelligence”, “ubiquitous computing”,
or “versatile computing”.
The term “intelligent” has become rather outdated and is substituted by new ones, such
as “integrated environments”, “aware house”, or “alive and interactive environments.”
In essence, technology cannot be regarded as “intelligent, but the effect of it can be
considered “intelligent.” Nonetheless, all these terms and names refer to one matter:
utilizing the intelligent technology in the home.
During the time plenty of definitions regarding intelligent building have been developed. Caffery (1985) stated that an intelligent building provides the user with a productive and cost-effective environment by optimising its four basic elements: structure, systems, services and management- and the interrelationship between them.
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1.4 Structure of the Thesis

According to Haas (1999), Quality of life is “a multidimensional evaluation of an
individual’s current life circumstances in the context of the culture in which they live
and the values they hold. It is primarily a subjective sense of well-being encompass-

6. Conclusions

QUALITY OF LIFE

ing physical, psychological, social and spiritual dimensions. In some circumstances,
objective indicators may supplement or, in the case of individuals unable to subjectively perceive, serve as proxy assessment of QOL.”
This research takes the definition of WHO (1995) of the quality of life into account.
The World Health Organisation describes quality of life as follows: “Quality of life
(QOL) is defined as individual’s perceptions of their position in life in the context of
the culture and value systems in which they live and in relation to their goals, expectations, standards, and concerns.” This has a certain relationship with the needs of people: “the satisfaction of an individual’s values, goals and needs through the actualisation of their abilities or lifestyle” (Emerson, 1985; quoted in Felce and Perry, 1995).

NEEDS
Human beings have basic needs and values; one of the most important theories regarding research into needs is Maslow’s (1954) “theory of human motivation.” In his
theory, needs are distinguished into five hierarchical levels: physiological, safety, a
feeling of belonging, self-esteem, and self actualization. Some other theories such as
self-determination theory (Deci and Ryan, 1985) focused on psychological needs. This
theory indicates that human beings have three basic psychological needs: autonomy,
relatedness, and competence.
The self-determination theory is very similar to findings from a study carried out by
Holahan (1988), which specifically focused on needs regarding older adults. He came
to the conclusion that autonomy, involvement, and achievement are the most important
needs amongst this sample.
Goals are formed when a link is made between an individual’s needs and actions; in
other words, a need is translated into an (instrumental) activity to fulfil the need (Locke
and Kristof, 1996). When an individual notices that there is a shortcoming between the
current and desired situation, he or she may set certain goals to attain the desired situation (Engel et al., 1993). Boyden (1971) and Heerwagen (1998) identify needs that
are relevant to architectural design as: society, freedom for solidarity, opportunities to
develop self-expression; and interesting visual sense, acceptable acoustic conditions,
contrast and random changes for senses to react to, and opportunities to exercise.
Domotics can contribute to achieving the goals that are formed due to the needs of seniors. When faced with complications, individuals are thought to make a shift in their
goals, or forget them completely; domotics has the potential to sustain these goals.
Needs are also defined as a discrepancy between the current and desired situation (Engel et al., 1993) and need recognition depends on the extent of this discrepancy.
Based on the theories named above, in the framework of this study the needs of the
senior citizens have been investigated through the study into their daily activities and
the relationship between the current and desired situation.
This is extensively elaborated in Chapter three of this study.

INTEGRATION
Integration in this study is understood to mean the embedding of domotics into patterns of the daily living of the senior person and also the anchoring of domotics in the
architectural structure.
24
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Figure 1.2.2: The focus of the study

6. Conclusions

5. Integration

1.3 Methodological Approach

In this study, the determination of the attitude of seniors with regard to domotics is
formed based on the TRA and TAM models. Ajzen and Fishbein (2000) stated that an
attitude is the overall evaluation of an object. With regard to domotics, this means that
the attitude is geared at domotics as an object; the attitude is evaluative, which means
positive or negative. The attitude is also based on cognition, in other words on positive
and negative cognitive reactions. These reactions have consequences for the (conative)
behaviour. In Chapter three of this study, after elaborately discussing diverse theories
on attitudes, a model is established to assess the attitude of the senior citizens towards
domotics.

1.2 Frontiers of Knowledge on Domotics

ATTITUDE

4. Professionals’ Perspectives

This is realized by exploring the needs and attitude of this target group and translating
the results into characteristics and performances for a domotic home.
Integration of domotics into the building concept can actually be achieved by, among
others, a flexible plan, the disintegration and ungrouping of the building systems and
services from the building structure in a way that later on expansion and/or replacement of applications will be possible. Cabling and wiring remains accessible, they are
more or less disintegrated from the building structure, nevertheless still hidden from
the sight. To achieve this purpose in this study is founded on the principles of Slim
-bouwen (Lichtenberg, 2005) which will be discussed in the following section. This
will be elaborated upon in Chapter five of this study.

Methodological Approach

1.3

The application domain of this study is housing for active older adults, so called third
age. It is an investigation into integrating intelligent technologies in the domestic setting of the senior citizen to empower his daily living and to create opportunities to
age-in-place.
This study is an exploratory journey into tangible and intangible aspects of (independently) living in an intelligent domestic environment; a multidisciplinary field
that incorporates principles and innovations from building engineering, gerontology,
medicine, and life sciences for the enhancement of the dweller’s quality of life. This
approach enables us to examine current domotics supply and highlights the existence
of unmet quality aging needs.
This research acknowledges the major gravitational shift in the centre of the process
of intelligent living environment from housing construction to utilization. Consistent with Dourish (2001, 2007), the potentially unpromising embedding of intelligent
technologies into daily life of the dweller presents considerable challenges. This thesis
also recognizes that the inter-relationship between social, technological, and building
environmental studies into domotics requires new forms of analysis and methods. To
that purpose this multidisciplinary study is elucidated in the next chapters where theories, approaches and methods are transferred from various scientific areas, such as,
gerontology, technology studies, and social psychological sciences into architectural
and building sciences.
Considering the fact that domotics covers a truly multidisciplinary area, a holistic approach is implemented to identify perspectives of the key stakeholders from both supply and demand sides. It is important to study perspectives of the stakeholders of the
domotics at an early stage (e.g. decision making and design stage) to determine how
these perspectives steer the development of the domotics housing. The research simultaneously deals with the needs and attitudes of the senior citizen and the professionals
of the intelligent technology in the house.
It is important that the professionals, especially the designers of intelligent living environments, integrate both technological knowledge as well as knowledge of the user
and their environment into new solutions for housing issues. Involving the user in the
design process is in this case crucial.
In the literature of technology transfer, the two-way linear model is implicit in the debate whether technology-push or user-pull is principally responsible for applications
of new technology (Kamien and Schwartz, 1982).
The architectural sector distinguishes different approaches: a techno-centred, usercentred, and problem centred or result centred (Tukker and Tischner, 2004; Merrill,
2007)22.
22. The problem-centred approach combines the solving of problems with more direct instruction of problem components (Merrill, 2007). That is to say, problems are decomposed into smaller sub problems, and then detailed instructions
are given to guide the learners solve the sub problems first.
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In order to improve the flexibility of a building, free spatial arrangement and accessibility of the required building services and structure must be taken into account. The
essence of this approach is to facilitate the flexibility of a building by disintegrating the
infrastructure from the building structure.
23. Microtrend: short term, desire for a specific product. Moditrend: medium term level of 1 to 5 years. Mega trend:
broad societal trend with influence on society entirely, can last between 10 to 30 years. In construction, the UCD honours demand under the adage “you ask and we provide” or slogans like “the customer is always right.” (Idenburg et al.,
2005)
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1.3 Methodological Approach

The theory of Reasoned Action (Fishbein en Ajzen, 1975) from the social perspective
and strategies aging-in-place and Slimbouwen representing the domain of the building
environment are the basis of the theoretical framework for this study.
Slimbouwen (Lichtenberg, 2005) is not a building system, but a vision that provides an
integral approach on building and a system of agreements and guidelines on a strategic
level. The approach is developed to take on problems in society that are caused by the
building industry and to reorganise the building process in a more efficient manner.

5. Integration

In this thesis, a function-oriented approach has been chosen. This research is based on
inhabitant’s demand, but the contributing value arises from the further analysis of this
demand; the needs are bases of this analysis of the demand. This can lead to the reformation of the problem and other obvious solutions. Specialists have the “know-how”
to be able to draw from the total availability and opportunities from engineering and
architecture. Scientific testing guarantees that the most adequate solution is presented.
The research model illustrates the matching of supply and demand as it is explained
above (Figure 1.3.1).

1.4 Structure of the Thesis

User-centred design (UCD) is a design philosophy and a process in which the needs
and limitations of the end user are given extensive attention at each stage of the design process; a multi stage problem solving process (user-pull). Participatory design
(PD) is often understood as an approach to UCD and refers to a collection of attitudes
and approaches (Carroll, 1996; Lumsden, 2008). According to Idenburg et al. (2005)
marketing motives and short term trends23 can be decisive here. The objection here is
that the required and desired product is examined keeping scientific criteria such as
sustainability, life-span, environment, architecture etc. in mind.
A “problem-centred”, or also called in ICT engineering: “function-oriented approach”
(Friedewald and Da Costa, 2003) uses as an intermediate method between the technology-push and the user-pull approaches. According to Da costa and Punie (2003),
a function-oriented approach not only provides fruitful ways of thinking about useful
and accessible services but also reflects the “human dimensions” such as economic,
social, political and demographic dimensions. Social, personal and emotional engagement and expression, along with ease of use and efficiency, must be taken into account when designing domotic homes, it means considering the total user experience
(Kuiper-Hoyng and Beusmans, 2004; Sluis and Diederiks, 2004; Tolmie et al., 2002).

6. Conclusions

With the techno-centred approach a supply driven approach from the perspective of
technology is meant, that is drastically applied in housing construction. Senior dwellings and facilities have been realized through this approach that often does not respond
to the needs of this target group.

Rice (1999) states that research into information and communication technologies will
be more rewarding when numerous paradigms of research and additional methods including qualitative and quantitative research are used simultaneously.
This research consists of three empirical sub-investigations: a study into the demandside (potential users), a study into the supply-side (professional stakeholders) and a
case study in which two homes have been retrofitted based on the above mentioned
theories (integration). In the context of the case study, one product has been developed
on an experimental basis for the integration of domotics infrastructure into these existing dwellings.
The desired domotics functions and the available technology are brought together in
this investigation, i.e. the needs and attitudes from the demand-side are related to the
available choices on the supply-side and subsequently, translated into the characteristics of the domotic home.
The identification of useful functions and domotics appliances are derived from a careful and iterative process of analysis, synthesis of past works (literature), and the above
mentioned empirical studies.
The next sub-section (Structure of the Thesis) discusses this elaborately.

Figure 1.3.1: Research model
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24. Between 2003 and 2005, healthcare costs increased with 3,9 percent per year. In 2005, a total of 68.5 billion Euros
was spent on healthcare. The most expensive sectors are hospital care and specialist medical care (17.7 billion Euros)
and “Elderly Care” (12.7 Billion) (Poos, 2008).
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It is important to understand what the perspectives and experiences of involved experts
in the field of domotics and which challenges and chances these experts identify in this
field.
Hence, this investigation contributes to the improvement of the quality and suitability
of the existing homes especially for this target group; it brings together desirable functions and available technology in the house of the senior. The study offers insight into
the influence of technology on the building concept; consequently it will be easier for
architects to integrate domotics in the living environment.

1.3 Methodological Approach

The research contributes to the quality improvement of housing for seniors. The study
offers insight into the impact of technology on the building concept.
However, it is essential to determine and understand what independently living in an
intelligent domestic setting means for the older persons and to explore which indicators are of crucial influence on these attitudes. This study offers insight into the needs
and attitudes towards living in a domotic home. It provides new insight into the multiplicity of needs and requirements of the older individuals and their actual attitude
towards residing in an intelligent living environment.

5. Integration

This investigation is in line with the elderly policies of the government, which is geared
at extending the independent life of a senior citizen.
Healthcare costs have risen in the past few years (Poos, 2008; SCP, 2004; Driest et al.,
2008). Investing in independent living can contribute to saving on healthcare costs24.

1.4 Structure of the Thesis

The importance of this study can be motivated as follows:
In 2020, half of all the dwellings will be occupied by people aged 55 and over. There
will be a lack of suitable houses for seniors. Application of domotics is an opportunity
to make suitable houses for this target group.
The ministry of VROM and the state secretary of VWS (Ministry of Health, Welfare
and Sport) wrote the following in September of 2003: “Not only the physical accessibility of a dwelling can contribute to opportunities to live independently for a longer
period of time, but also the application of domestic technology facilities (domotics) in
the dwelling. In the future, households of all ages will make use of domotics. Domotics
can, for example, improve living comfort, safety within the home, energy saving, and
for temporary healthcare after for example hospitalization. This way, domotics can be
an important contribution by making a home suitable to house elderly people or people with disabilities. It is important that the possibilities that domotics and personal
alarms provide are exploited more than they are at the moment. During the construction of a home, the possible application of domotics in the future must be taken into
account.”

6. Conclusions

THE CONTRIBUTION OF THE THESIS

Structure of the Thesis

1.4

This research is organized in six chapters which are divided into three main parts.
These three parts of the thesis are summarized in the research model as shown in figure
1.3.1.
This study applies three basic research methods: desk research, survey and interviews
with the key stakeholders of domotics. The desk research involved an in -depth survey
of literature, scientific journals and books, data banks and other media.

PART I
The first part of the thesis, (Chapters one and two) focuses on theoretical backgrounds.
In the first chapter the fundamentals of the study will be discussed, the core research
problem is introduced and sets the scene25 and describes how this research is conducted.
Chapter two provides background context to the development of intelligent technology at home by means of literature review and outlines factors that influence this
development.

PART II
The second part of the study contains the empirical evidence into perspectives of the
key stakeholders of domotics addressed in Chapters three and four.
In Chapter three, two empirical studies related to the demand are under discussion.
Previous desk research in that chapter gives an overview of existing theories and models in the field of housing needs and attitudes. Based on these theories the research
model can be established. The empirical study on housing needs and attitudes of seniors deviate from this model. It concerns a qualitative study and a questionnaire survey.
The qualitative study is explorative and diagnostic; and provides a picture of the older
individual’s motives. This part utilized a focus group which consisted of nine older
individuals. The focus group procedure was based on triangulation of cohort-group26
discussions, enabling techniques and in-depth interviews. Subsequently, a postal questionnaire survey was held among two thousands Dutch older adults who brought out
the senior’s criteria of domotics. This survey was intended to confirm the findings of
the qualitative research and to test the research model. After analyzing the obtained
data, the study into needs and attitudes of seniors with respect to the technology in
domestic settings is followed by conclusions.
Chapter four addresses the other side of the spectrum the views and perspectives of the
key professional stakeholders regarding domotics. The survey covered experts from
five relevant sectors, i.e. technology and building industry stakeholders, healthcare
organisations, policy makers, and academic and commercial researchers. Through in25. To create the conditions that make it possible for an event to happen; to give information to understand what’s happening.
26. A cohort-study follows a group of persons during a certain period to measure the possible effects of a certain factor,
in this case residential needs towards domotics.

30

1. Research Design
2. Dweller, Domus, Domotics

1. Introduction
1.4 Structure of the Thesis

31

6. Conclusions

5. Integration

1.3 Methodological Approach

This dissertation ends with conclusions and reflections for further research and recommendations for professional stakeholders and policy makers among others.

3. Seniors’ Needs

The third part of the thesis (Chapter five) concerns the main research question, the
integration of domotics. This chapter provides for the association process of the desirable automation and available technology in the domestic environment of the older
adults, i.e. the attitude and demand of the senior citizens that were treated in Chapter
three, are related to the perspectives and alternatives on the supply side highlighted in
Chapter four and subsequently, translated into the characteristics of domotics houses
for the occupants (Chapter five). Based on the identified attributes of these empirical
studies two houses, inhabited by the senior persons, have been upgraded in a case
study. This case study focuses on the infrastructural problem of implementation of
domotics in the existing homes. It lays the foundation for the integration of domotics
into the senior’s domestic environment and confirms that an interdisciplinary (design)
approach is indispensable for the merging of demand and supply on intelligent living
environment.

1.2 Frontiers of Knowledge on Domotics

PART III

4. Professionals’ Perspectives

depth interviews the professionals’ prospects for four dimension product, position,
process, and paradigm of domotics homes are examined. These assumptions are qualifying for the implementation of domotics technologies in the domestic setting. The results were elaborated into a web survey among professionals in seven European countries to confirm the criteria. Also the state-of-the-art of the domotics projects which
have already been examined by literature in Chapter two is pursued in greater depth
through the survey among the experts.

Any definition of home today must consider
how new attitudes and values come up against
the familiar; how our needs are served by what
we know, as well as by what we remember.
Akiko Busch, 1999

Backgrounds

Chapter

2

Dweller, Domus,
and Domotics

This chapter elaborates on the characteristics of the three pillars of this investigation:
the senior citizens, the home, and domotics technology. It describes how the inhabitant and domotics meet each other in the domestic setting. Firstly, the characteristics
of home, the trends, and developments in 20th century technology will be reviewed
and how these technologies influence the development of the built environment will
be discussed. Furthermore, reference will be made to the emergence of intelligent applications in the workplace and in the healthcare sector. Subsequently, the automation
of a home will be discussed (the domotic home). The chapter will be concluded with a
summary of the promises and challenges regarding domotic homes.

Introduction

2.1
55+ DWELLER

As mentioned in the introduction, the demographic composition of the Dutch population will change at a rapid pace in the first half of the 21st century. Society will be
confronted with the economic, political, and social consequences of this rapid change.
It is not only through strong quantitative growth, but also through the elderly policy
and the variable position that current generation seniors have in society The target
group of senior citizens has become an interesting group for industry, non-profit organisations, national and local governments.
The question of to what extent the domotics industry can respond to the individual
needs of inhabitants, Thillart (2002) states that the current open system for the anonymous buyers market does not (yet) have an answer about the approach to individual
needs of inhabitants.
The senior citizen doesn’t exist (e.g. Dychtwald and Flower, 1990; Bonder and Wagner, 1994; Zeeuw, 2006). Nevertheless, the current mentality and lifestyle of a senior
differs substantially compared to a senior from previous generations (e.g. Dychtwald
and Flower, 1990; Vrom-raad, 2005; Freedman, 2002; Verté and Witte, 2006). In postwar times, many older citizens left the labour market at an earlier stage and were excluded from the political and societal activities. Age was equal to dependency, physical and intellectual decay, and weakness (Schijndel, 1992). A negative image of aging
prevails in this so called deficit model (Ven, 2007; Verté and Witte, 2006).
In that situation, seniors are obligated to take on a consumerist attitude, where healthcare has been completely taken out of their hands (Verté and Witte, 2006).
This stereotype image of introvert, inactive, dependent, senior is outdated. In the contemporary gerontology, the competence model is used (Ven, 2007). This model emphasizes the competences and skills that the senior (still) has without being pessimistic
or unrealistically optimistic (Ven, 2007). Active citizenship is the central concept here
(Verté and Witte, 2006).
Current seniors (55 years old and over) are emancipated, active, self-conscious, follow courses, do volunteer work, and travel. They are called “Yeepies:” Young Energetic Elderly People into Everything’ (Lyons, 1991). They want to be involved in the
society for as long as possible and want to organize their own lives independently.
The deficit model has been abandoned and replaced with active participation (Ven,
2007; Verté and Witte, 2006). Both labour participation, participation in the social life
or volunteer work enable seniors to maintain and expand their social network (Verté
and Witte, 2006).
According to literature (e.g. Dychtwald and Flower, 1990; Scott, 1995; Harper, 2003;
Idenburg et al., 2005; Verté and Witte, 2006; Himanen, 2003; Lyons, 1991; Aldrich,
2003; 2004; Assael, 2004; Knook and Nesselaar, 2001) some common characteristics
of this group are:
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1. Seniors are being increasingly better represented on the Internet. Especially amongst the 55 – 64 year old citizens,
the percentage having internet access increased rapidly from 9% in 1998 to 64% in 2003. 75 years old and over are also
online more often: rising from 1% in 1998 to 14% in 2003 (Haan et al., 2004; VROM-raad, 2005).
2. Of all 55 years old and over, about 96% live independently. Of the 1 million 75 years old and over, that percentage
is at 70% (Bouwfonds MAB Ontwikkeling, Woonwensen van senioren, 2006; VROM, MAB, en AM en Seniorenstad,
Nationale 50+ Woonenquête, 2006).
3. An obvious coupling is almost always made between living and care. But the new generation does not want a
domestic-care combination. From all investigations into seniors and living and healthcare, it seems that seniors have
a strong need for being in control, freedom, and independence. Seniors do not see themselves as care dependent. In
general, seniors are more concerned about how they can stay in control of their own life, than taking steps that allow for
a more dependent future (Zeeuw, 2006).
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A large majority of seniors choose to live independently (chapter 3). The dwelling
is the most important junction in the network of the senior, which extends to the direct living environment and [beyond that] via modern ways of communication. This
modern older adult seems to want to inhabit a house characterized by “high levels of
heterogeneity” (Baker, 2003). The developments of new housing concepts for seniors
are placed high on the agenda.
General societal trends, also known as “mega trends,” influence the entire society
(Idenburg et al., 2005), including seniors. These are of consequence for determining
housing needs, necessities, and expectations of seniors. Also, trends, such as the need

2.3 Domus and Domotics

Following the findings of the gerontology on the quality of life, the need for independence and self-reliance with sufficient competence, an approach is taken in which certain characteristics and the needs of this target group are the indicators.
The generation “younger seniors” does not appreciate being classified as “in need and
infirm;” for this reason the emphasis of this investigation will be placed more on the
prevention and comfort (of living) and less on care3.

5. Integration

Despite these doubts, many investigations show that living independently is highly
rated on the seniors’ list of demands and wishes2.
In the next 30 years, people who are aged 55 and over will become an important market sector. This generation is normative for future developments in sectors such as
construction and healthcare.

6. Conclusions

One must be aware that these characteristics do not apply to all older seniors.
Some researchers and scientists also question whether this is an over-optimistic image
of seniors in the so called 3rd phase of life. Golant (2009) and Lange (2007) doubt
whether the future generation of seniors will really be helped with this biased image of
aging. They question whether we are aware of the road we are taking towards an “age
irrelevant society.”

2.4 Promises and Challenges

• The necessity for independence
• The necessity for diverse activities, such as the participation in society
• In general, better health and more vitality than previous generations;
• In general knowledgeable, and post modern;
• Increasing awareness with new technology such as ICT1;
• Averagely (financially) stronger;
• The necessity for convenience and comfort in the sense of absence or reduction of
discomfort.

for individualization, independence, more mobility and self-responsibility for their
own life underlie the necessity for the senior to remain independent.
Individualization refers to the need for an individual to unfurl oneself and to make life
decisions independently. A shift from materialistic gratification to self actualization is
present within this trend.
As a reaction to the downsides of individualism, a presence of “tribe-building” can
be distinguished: (Idenburg et al., 2005) the social embedding of personally chosen
collectives such as retirement cities (such as Sun cities in the US), retirement neighbourhoods and residential communities. The construction sector can play an important
innovative role within the development of these new modes of living.

TO DWELL: THE HOME EXPERIENCE
Home and technology means in fact human-being and technology; it illustrates the
interaction between social and technical developments. This reciprocity plays a decisive role in the process of building and living (Overeem and Jansen, 1981). Practical
considerations like energy efficiency, cost and functional design are only part of the
housing picture (tangible aspects of home). The intangible parameters constitute an
important aspect of feeling at home and refer to emotional parameters such as prestige, fondness for a location, to feel comfortable and secure; in other words, a scene
of a place to live, not just to reside and stay. Jonge (1961) suggested that, besides
physiological needs, the home must also satisfy psychological needs (for example,
privacy), cultural needs (such as being able to perform activities in different spaces),
and fashion-dictated needs (e.g. furnishings of house). He stated that a dwelling is
determined partly by the existence of a boundary between inside and outside and by a
certain degree of permanence. Hence it is distinguished from other places such as an
office or a hotel. Eggen et al. (2005; 2003) reveal the home as a feeling: “it’s a cosy,
trusted, and safe place, a place to return to, where you can be yourself and do what
you want, where your own things are and where you meet people you love and like.”
Pennartz (1981) describes the home as an activity4, in which three dimensions can be
distinguished: the utilitarian, social, and existential dimension. The utilitarian dimension concerns the functional bases and physiological aspects such as temperature and
light. The social dimension concerns activities within the home, which take place in a
more or less socially structured field. With regard to inhabitation, this field concerns
the household or Instrumental Activities of Daily Life, IADL. Both a social and utilitarian dimension can be granted to certain household activities, for example cooking
and eating.
The existential dimension refers to the essence of living. Leeuwen (1980) describes the
home as “a more or less permanent stay on a location from which people explore and
experience the world and always return to.”
An essential feature of living is also the possession and consumption of a house, which
subsequently becomes that person’s property (Leeuwen, 1980). This identification
4. A home must offer physical potential whether or not to do things, and permit occupants to express their life style.
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5. Privacy is distinguished to territorial privacy, auditory privacy and visual privacy.
6. Self image (I) and the phenomenal self (the phenomena that identifies a person, without being essential to his personal experience) can be distinguished (Keers and Wilke, 1990). This phenomenal self is surrounded by the phenomenal
environment, phenomena that a person is influenced by, but does not identify with.
7. Bohn et al. (2004) distinguish four aspects of privacy in relation to ICT technologies: i) privacy as empowerment:
people should have the power to be able to control the publication and distribution of private information, ii) privacy
as utility: from the viewpoint of the persona involved, privacy is here seen as a way to protect oneself against unsolicited intrusion from outside in one’s life, iii) privacy as dignity: being free from unsubstantiated suspicion as well as the
equilibrium of information available between two people, and iv) privacy as a regulating agent: privacy laws and moral
norms can to an extent also be seen as a tool for keeping checks and balances on the powers of a decision making elite.
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2.3 Domus and Domotics

The built environment, in this case the home, also creates the condition to feel “at
home.” Pennartz (1979) describes several structural characteristics for feeling at
“home” and “hominess”: to be familiar and trusted with the area and people, knowing
the way around and how to act, to live in the place pleasurably, to be yourself, to be
able to choose, continuity in time (presence of objects rich with memories); to be free
of social control, to be recognized and known by others, to feel accepted by others, to
be attended to by others, mutually trusted, to be significant to others, to be able to help
or be helped, to be part of the community, to know each others’ life story, and to share

5. Integration

Besides that, a person consumes his home (Leeuwen, 1980). Habraken (1965) states
that “mass housing construction has reduced a home into a consumable product and
the dweller to a consumer. This is why the dwellers of mass housing construction-city
cannot own their city; they are guests and only stay there.” This als applies to domotics. A person should use domotics and it should not be that the person feels used by
domotics, i.e. it should not take control over the personal user’s personal lifestyle. It
is important to set conditions in such a way that domotics fits seamlessly into the phenomenal environment, i.e. in the dweller’s personal lifestyle; hence, this adds values to
the experience of the home and is subsequently integrated in the home. In that case the
need to experience a domesticated atmosphere will also be fulfilled. The atmosphere,
in terms of conviviality, is described by Pennartz (1979) as to experience the general
situation positively.

6. Conclusions

Leeuwen (1980) states that the home is distinguished from other places through interaction between occupant and home. The home as a base from which one goes out
to meet the world and can come back to; a boundary between territory and private
domain and the outside world.
Domotics presence in the home risks being a violation of the senior’s sense of privacy5
by being in the domestic domain, e.g. due to the presence of cameras and the sense
of being observed in the own territory6 (Bohn7 et al., 2004; Keers and Wilke, 1990;
Friedewald et al., 2005; Punie, 2003). Domotics, as an element of the phenomenal
environment, influences the senior; the senior is surrounded by this phenomenal environment, but he does not identify himself with it. Therefore, this study focuses on the
impact of domotics on the mode of living, needs, and the attitude of senior.

2.4 Promises and Challenges

process is relevant for the experience of a senior who dwells in a domotic home. Responses given in chapter 3 of this thesis such as: “I don’t want to live in a laboratory
like that” or “I can’t get used to that,” point in this direction. This means that domotics
is quite obviously not yet integrated into the daily life of a senior, which also affects
aspects of the social dimension, such as the privacy and atmosphere of the home.

the same language as others. These existential dimensions play an important role in the
life of a senior and are the foundation for the desires of senior citizens to live independently in their own homes as long as possible.
Satisfying residential needs and providing of “total enjoyment of the property” is seen
as an interaction of the following five dimensions (Priemus, 1984; Hayward, 1975): (i)
shelter dimension; (ii) utilitarian dimension, (iii) a territorial dimension, (v) symbolic
dimension, and (iv) communication dimension.
Domotics can play a significant role in all five dimensions; by means of domotics
appliances for household functions in the home, and by using telematics: the combination of telecommunication and IT, respectively the transport of information and
processing of data in the living environment.
The relevant mentioned dimensions of the home and domotics are described below.
(i)
The Shelter dimension: the home primarily provides physical shelter (a roof
over one’s head), and a socio-psychological shelter (privacy). Providing reliability,
safety, health, and energy-efficiency is understood when considering shelter in a physical perspective. Technical quality, thermal efficiency, produceability, maintainability,
and sustainability are important factors of shelter physically. Physical shelter creates
the conditions of the socio-psychological shelter. Socio-psychological shelter is defined as something that influences the privacy of the household, individual family
members, or the occupancy rate of the home or residential building.
There are shelter dimension which can take advantage of some domotics applications.
Examples of these applications are: alarm, automatically environmental control, automatic lighting, automatic blinds, and energy management applications.
(ii)
The Utilitarian dimension: the home is the centre of daily life, a place where
we spend much of our free time. Besides the traditional residential functions and associated activities such as staying, housekeeping, doing homework, relaxing, maintaining contact with nature, receiving guests, sleeping, and personal hygiene, the home
increasingly takes on new functions such as workspace, shopping centre, study space,
and care centre. In this context one speaks of the functional quality of the house.
In this case, domotics can be applied not only as “smart” kitchen appliances, but also
amenities such as tele-care, E-commerce and Internet banking, and other facilities in
the everyday life at home.
(iii)
The territorial dimension refers to the relation between the home with the
neighbourhood and district. Surroundings, domains of territories are distinguishable
on different degrees: the own room, other spaces in the home, the residential building,
the neighbourhood, district, city, etc. A distinction is also made between private, semipublic and public domains. The notion of “space” needs to be distinguished from the
notion of “domain”. Space refers to aspects such as interior, design and management,
whereas the term domain points more to the social activities that happen within these
spaces.
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Due to the fact that home has increasingly been developing into “a place to live” rather
than just “a place to stay” (Mason et al., 1983) solutions should be offered both from
the construction side and the technology side.
From the construction point of view, the broadening of the concepts of dwelling is
required to a large variety of spaces in a home and the possibilities for future enlargement and adaptation.
8. A great deal of potential for the use of advanced information and communication technology is illustrated by
“telematics.” Hundreds of projects (e.g. telemedicine, educational multimedia, satellite navigation for cars) show that
research can offer a significant improvement in a European citizen’s quality of life, increasing the efficiency of society’s
social and economic organisation and reinforces cohesion. (Bangemann, 1996).
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Applications in the field of telematics8 support the growing number of activities which
are undertaken from the house. The phenomenon “tele-working” is becoming increasingly important. The connected character of telematics distinguishes “tele-working”
from traditional forms of working at home (Diepen and Fokkema, 1990). Flexibility,
the possibility to determine ones own working hours, allows for a significant reduction
in working hours and less commuting, which are both appealing aspects of telework.
This has consequences for the design and implementation of facilities in the building environment. The home requires a suitable workspace and advanced workstations
with a high quality communication connection. The implementation of information
technology in the dwelling to provide facilities for communication, recreation, and obtaining information creates a function that appeals to the youth as well as elders, each
having their own patterns of needs.
The opinions concerning home and living are influenced by social changes; nowadays
people have more leisure, which is mostly spent at home in different types of ways.

2.4 Promises and Challenges

(v)
The home as a communication dimension: in this case the home is the operating base for diverse patterns of activities. The individual or household’s patterns of
activities are becoming more diverse and more mobile. The increasing employment
of women and consequently the increase of dual-income households, more flexible
workers, and more free time are all factors that lead to more mobility. People are
increasingly being confronted by the limits of time. Compact living environments in
urban and suburban areas (Sloane, 2005), where living, working, education, shopping,
and recreation are all possible at short distances from each other are becoming more
important as well.

2. Dweller, Domus, Domotics

(iv)
The symbolic dimension: primarily, the home offers a basis for social and cultural identification and status. The dwelling also offers the opportunity to distinguish
identity from other individuals.
The home offers space for activities as part of the physical, social, and virtual network.
This is a place where people can identify themselves, and a domain where an individual can feel at home.
Domotics can also be a symbol of the inhabitant’s identity and status. This can be expressed in the choice of domotics devices, e.g. in the degree of comfort applications.

6. Conclusions

At this point, domotics will particularly function if the residential care facilities, which
provide services and by which the senior can maintain his contacts online, are launched
in the neighbourhood or district.

Three levels regarding the influence of automation on architectural design are distinguished (Westra, 1993): i) Telematics: the relation of the dwelling with the outside
world by domotics, ii) Archimatics: the house as a system of manipulatable parts, so
that the home can respond to needs of the occupant in an architectural sense, and iii)
Homematics: the automation and controllability, firstly at the level of components,
subsequently, the components are included and linked in an integrated home system,
resulting in a domotic home.
“Home centeredness” is an important trend of the new society (Castells, 1996). People increasingly work and manage services from their home. Home itself is expected
to provide a safe haven of communication, care, rest, relaxation, and entertainment.
Ironically, homes become “wired” in order to “unwire” (relax) its inhabitant.
Taking our departure from the mentioned dimensions of home, this research focuses
on an integral approach. This means the dwelling from the technical point of view is
considered as a system of flexible building components which are required to fulfil the
needs of the inhabitant. However ‘home’ is experienced by the occupant as a whole,
consisting of both tangible and intangible dimensions, which are taken into account
in this research. Domotica should be embedded in the domestic environment in a way
that intangible dimensions of the home are preserved.
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DOMOTICS IN BUILDINGS
Buildings, especially offices, are particularly the places where new technology has been
applied on a larger scale. Developments in organisations and businesses, especially in
the office sector, play an important role in the integral approach of the application of
technology. Due to the rise in the complexity of large production processes during the
industrial revolution, the importance of structural information processing increased.

4. Professionals’ Perspectives
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5. Integration

The distinction between “time-saving goods” and “time-using goods” (Bowden and
Offer, 1994) is relevant for the notion attitude towards intelligent domestic technology.
Time-saving goods increase available time by reducing the time needed for the performance of a (household) task, washing machines for example. “Time-using goods”
use available time and improve the experienced quality of the time spent, e.g. a television. Time-saving goods are more related to spendable income than time-using goods.
Toward the end of the 20th century, a clear “readiness to adopt time-using technologies
in particular” could be seen within society. Therefore, Aldrich (2003) calls the domestic technology of the 20th century “the seedbed of the Smart home.”

6. Conclusions

In the 20th century, the application of technology in a home has undergone crucial
developments. In the first quarter of the 20th century the employment of electricity in
the home has led to radical changes in peoples’ lives. The introduction of information
technology in a dwelling in the last quarter of the 20th century has opened the door for
the exchange of information between people, appliances, systems and networks outside the house (Aldrich, 2003; Vegesack and Eisenbrand, 2006; Antonelli et al., 2007).
In the years before World War II, the so called “domestic technology” was aimed at the
alleviation of the women’s household tasks: the “Cinderella technology” (Cockburn,
1997). A shortage of household staff in the affluent middle class played an important
role in this development (Forty, 1986). During this time, women took over traditional
male tasks in business and industry while their husbands were in military service.
After the war it became government policy to free employment positions for men and
aim to reinstall the “stay at home housewife.” In the 1960s and 1970s the number of
women that chose for work outside the house increased, causing a growth in demand
for household appliances such as washing machines, dishwashers, coffee machines,
and hairdryers.
In the 1980s and 1990s it was colour television’s turn to make its entry along with
video cassette players (Bowden en Offer, 1994), microwaves, wireless and mobile
phones, etc. Migrating the PC from the workplace into the home is particularly significant because it allows inhabitants to get involved in activities such as tele-working,
which blurs the distinction between home and office. Also, by introducing Internet
access, the PC connects the home to a host of new services such as shopping and the
gathering of information. These are services that are still evolving. (Aldrich, 1993).

2. Dweller, Domus, Domotics

TECHNOLOGICAL DEVELOPMENTS

What started with typewriters, dictaphones, and stencil machines, ultimately led to the
mechanization and automation of administrative processes. In the period of 1914 until
1940 the mechanized office arose where scientific management (Taylorism9) made its
entrance. Punch cards, accounting machines, and addressing machines where utilized
here (Wit et al., 1998). The introduction of the (mainframe) computer in 1957 gave the
push to full automation and meant the development of an entirely new profession: information technology. From that time onwards the first software was developed (Oost
and Hoorn, 1998). The office developed into a centre of a modern production company: it was notably busy with administrative information processing and the implementation of automated business networks. Technological developments in the office
sector have particularly influenced the rise of communication technology through the
introduction of the personal computer. In the last decade of the 20th century mass accessibility to networks and internet gained momentum and the integration of systems
became an important goal (Ende, 1998).
However, automated processing was not only being introduced in the office industry,
but also in the automotive industry, the public transport sector and public health sector
and research to intelligent applications started playing an important role.
Due to the so called “sick building syndrome” in the second half of the 20th century,
research picked up to investigate how building physics and infrastructures could be
improved in the perspective of the employees, in order to improve working conditions. From the 1960s onwards, building management systems have been developed
to automatically conduct climate, safety, accessibility, and energy usage in the work
atmosphere.
A direct translation of the developments on the work floor into the home has raised
objections. Gaver (2001) states that “using workspace concepts such as: efficiency
and productivity to inform domestic design can be dangerous since the activities and
values at home are different from those at the workspace.” Hindus (1999) also adds
that “domestic settings are substantially different from the workspace.”
In compliance with Hindus (1999), it is important to research the home as a topic of
technology for the following reasons:
• Houses are buildings which are filled with technology;
• Houses and technology are economically much too important to ignore, and this
will become more important in the future;
• Home technology has the potential to improve the daily life of millions of users;
• research of technology in the home is a rich research area;
• homes are challenging location for designers; they deserve the attention of talented
designers and innovators.
A home is also a place where the confrontation between design and consumption can
be studied in its purest form, because the user is free to decide whether or not to adopt
technology without the intervention of institutions like the workspace or public domain. Reasons to pay attention to the experimental intelligent home designed in the
20th Century.

9. Managers constantly try to perfect the work distribution within their organisation. Technology is being developed
and used with as goal to make employee management possible.
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10. Dream House was a reality show on the BBC about the domestic use of new technology.
11. The basic technologies of Ambient Intelligence are adaptive, wireless networks, invisible sensors, and multimodulare interactions between a human being and his or her environment. Embedded systems are required to make ambient intelligence-dreams a reality. Embedded systems are the enabling components of invisible intelligence. They are
processing systems built, or embedded, in devices which they control. The ubiquitous embedded intelligence increases
the feeling of comfort and safety, provides real-time information, and increases ones productivity. Embedded systems
differ in size, from small systems such as chips, mobile phones, and printers to large systems such as MRI-scanners. All
these systems share the fact that they have a lot of integrated software and electronics. ARTEMIS, the European network
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The European equivalent of ubiquitous computing was “ambient intelligence,” this
was under the influence of Philips Research (Punie, 2003). Ambient intelligence is a
digital environment that is aware of the presence of people, and the context in which
they are acting, it reacts on their needs, habits, gestures, and emotions. The term “ambient intelligence” is made up of two words that each add an own dimension to the
combined term. “Ambient” points to the fact that there are invisible advanced networks
and embedded systems11 implemented everywhere in the environment that gather and

6. Conclusions

If all the Experimental homes of the past decades where brought together in one place,
the result would merely be a little village. The first Homes of Tomorrow Exhibition
at the World Fair, A Century of Progress in 1933 in Chicago, endorsed the latest construction techniques, ground-breaking building materials, and the services promised
by modern technology. Keck and Keck’s house of tomorrow, which was exhibited
there, contained floor to ceiling windows, television, an automatic dishwasher, and
air-conditioning. A personal plane and a Buckminster Fuller No. 3 Dymaxion Car were
stored in the garages on either side of the house. (Vegasack and Eisenbrand, 2006)
In the 20th Century, especially in the USA, several experimental homes were designed;
some of which have actually been built. The designs give an understanding of the ideal
image that was envisioned at the time. There was talk of a lot of resistance towards
the conventional situation and strong support to pursue an ideal image, “the American
Dream.” In some cases, the underlying motive of design was a provocation to discussion. Typical for these experiments was the large amount of technology that the user
was exposed to, and the strongly diverging appearance that did not have much in common with traditional design.
Since the 1980s, digital systems and components have been developed for the home,
these include new communication networks (ISDN, internet) and new applications
such as web TV and videophones (Barlow and Gann, 1998). Since the 1990s the smart
home concept started gaining media attention: articles about smart homes appeared in
lifestyle magazines such as “House Beautiful” (Aldrich, 2003); and the BBC aired a
documentary entitled “Dream house”10 (1998). This publicity allowed for an increase
in awareness of the domotics phenomena, but did not result in people becoming ready
to adopt automation in their home by the end of the 20th century. The essence of intelligent living is the integration of different technological appliances into one system.
In 1988, Weiser introduced the term “ubiquitous computing,” and in 1997, due to the
50th anniversary of the “Association of Computing Machinery” (ACM), scientists all
over the globe spoke about the future of information and communication technology:
“they envisioned a world where people were surrounded by embedded, unobtrusive,
invisible computing devices” (Denning and Metcalfe, 1997).

2.4 Promises and Challenges

EXPERIMENTAL DOMOTIC HOMES

process information. The functions are at centre stage, whereas the applications are
hidden in the background. Intelligence points to the characteristic that the system can
identify objects, people, and their intentions, and can adapt to changing situations, in
other words, they can learn. Arts (2006) posits that it is this social intelligence which
makes ambient intelligence a new revolution.
To elaborate on what was discussed earlier in Chapter One (Section 1.2), in the USA
the term “smart home” was mostly used when referring to an intelligent home. Aldrich
(2003) posits that a “smart home” can be defined as a dwelling embedded with computing and information technology. The Technology can anticipate and respond to the
needs of the inhabitants in order to uphold their comfort, convenience, security, and
entertainment. This is done by managing the technology within the home and the connections with the world beyond.
In England the term “home automation” was adopted, while in Western Europe, especially Spain, France, Belgium, Germany, and The Netherlands, the term “domotics or
domotica” became widely used, the term domotics is used in this thesis.
The following examples of experimental homes will illustrate that in such buildings,
initially the product, i.e. the technology, was central. What are the (technical) possibilities for the future and how can technology improve the quality of life? This became
apparent through the abundant technical applications, new design, new construction
methods, and use of new materials. No understanding of the nature of the inhabitant’s
real needs is a potential cause for the failure of this project.
As such, despite the many criticisms they were subjected to, these experiments have
been the source for a new perspectives on domestic living environments.

EXAMPLES OF EXPERIMENTAL INTELLIGENT HOUSES
DYMAXION HOUSE (FULLER, 1927)
As one of the first, Buckminster Fuller developed a concept in 1927 that responded to
the technological developments of the time, the Dymaxion-concept. Fuller approached
the prevailing problems with living and the newest communication technology such
as radio, television, gramophone, and different office appliances for home use (Spigel,
1992). Technology was mobilized as an expression of progress and innovation. The
design incorporated the newest materials and techniques available and was completely
disconnected from reality at the time. It was his intention to develop an autonomous
housing unit that was quick and cheap to build so that it could keep up with the housing shortage present at the time. His design was approached as a living-machine in its
materialization and development. Innovative ideas that were worked out in the design
were the impulse for further product development. Whether the concept had potential
was still a bridge too far to be accepted by society at large.

for embedded systems, brings a division in the very broad pallet of embedded systems. Everywhere, Embedded intelligence, is found in the context of nomadic environments and private spaces (www.cordis.lu/ist/artemis).
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12. “Blob architecture” (Binary Large Object) is an architectural style established by Architect Greg Lynn (1995).

45

5. Integration
2.4 Promises and Challenges

The Xanadu houses formed a real attraction for visitors in the 1980s. However, Roy
Mason’s expectations were not met and two of the three houses where demolished
in the early 1990s. Mason’s concept implies a very large automated data processing
system, artificial intelligence, knowledge of the world, speech recognition technology,

2.3 Domus and Domotics

XANADU HOUSE, (MASON, 1983)
In 1983, Roy Mason published his book, titled: Xanadu. He described his concept
for the dwelling of the future. In the early 1980s three demonstration houses where
constructed in Florida. Another “House of Tomorrow” was built during the Century
Progress Exposition in Chicago 50 years earlier which introduced automatic facilities
such as air-conditioning, heat recovery systems and electric “eye doors”. The structure
of Xanadu was meant to be a prototype for the homes of the future; the idea was never
developed further.
The three ergonomic demonstration houses were balloon shaped (“Blob12”) and were
constructed with polyurethane plastic and foam with concrete on top of that. The automated systems in Xanadu included a sound system that started talking when someone
entered the home and an automated kitchen with teleshopping. The kitchen was fitted
with “autochef.” A meal would automatically be prepared at a preset date and time.
The “autochef” could take food out of the fridge and place it in the microwave; it could
then place the finished meal on the dinner table, etc.
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The Monsanto home was a Disneyland attraction from 1957 until 1967. The design
exists of a self carrying synthetic construction. The interior details have also been
worked out in plastic. The floor plan is a cross; each quadrant represents a different living function and includes the activities and technological appliances. The technology
emphasizes the domestic domain and design in an experimental fashion.

3. Seniors’ Needs

MONSANTO, HOME OF TOMORROW (MONSANTO, 1957)

4. Professionals’ Perspectives

They set the conventional aspects of housing construction aside and developed a modern alternative translated more towards the architectural form. The concept was developed for an exposition where both nostalgic and state-of-the-art high-tech gadgets
were presented to interested individuals. The motivation was to create a vision about
how living should be in 25 years time. The design utilizes functional units that plan
free space according to function. They freely dealt with the amorphous as opposed to
the conventional construction methods of the time. A dwelling is in fact a part of larger
structure, a model that can be endlessly linked in an urban city structure. Technology
was also applied in the design as a demonstration against conventional ideas, against
everything that was standard at that moment.

6. Conclusions

HOUSE OF THE FUTURE (SMITHSONS, 1956)
Allison and Peter Smithson’s vision is expressed in a design where the emphasis lies
on the technology (mechanization of the domestic domain), consumption, prefabrication and standardization of a building.

and very cheap telecommunication systems. These systems were available in 1983
but in an independent form, not as a well functioning complete system. It was too expensive to realize such a concept. There were also complaints against Xanadu’s Blob
architecture. The basement like interior, low ceilings, curved walls and unpractical
spaces caused complaints.
The last Xanadu House was closed in 1996 and torn down in 2005.

TRON INTELLIGENT HOUSE (SAKAMURA, 1988)
This Japanese design emphasizes the use of advanced computer technology. The symbiosis between man, nature, and computer technology became the basis for this project.
It was translated into a large atrium at the rear of the house with large windows that are
computer automated. The goal of this project was a pilot in which the user lives in a
computerized environment. The home was fitted with sensors, computers and several
other technical gadgets in different locations. These applications are linked to different subsystems that work together harmoniously in a network, controlled and steered
by computers. These subsystems control the different technological applications in
the home such as the climate system, sound system, and the opening and closing of
doors and windows. Everything was designed in such a way that the infrastructure was
not present in the living space. The project lasted three years, and finally received the
criticism that the costs for such a system were too high, that the living environment
came across as unnatural, that the use did not have control over their home and that the
computer was dominant.

HOUSE OF THE FUTURE, ROSMALEN (DAM AND TITULAER, 1989)
The House of the Future, a project initiated by Chriet Titulaer, was a demonstration
home designed by architect Cees Dam and was part of the theme park “Autotron” in
Rosmalen, the Netherlands. The underlying vision was based on expected technological and social developments of the future: “[…] to demonstrate, on the basis of processes of change, now taking place in society, that living in a house in the year 2000 will
be different from today” (Titulaer, 1990). The trends of increasing leisure time were
taken into account, Titulaer stated that permanent education, socio-cultural developments such as diversity, individualism and the process that leads to autonomy and
emancipation caused this development. The house of the future shows diverse novelties, both constructively as in the use of “intelligence. “A house is not a vision of how
things should be, but of how they can be.” (Titulaer, 1990)

MAISON À BORDEAUX (KOOLHAAS, 1998)
Maison à Bordeaux is an example of a design where the needs of the user are central.
Adaptation of the dwelling is not present; instead the design departs from the physical
and psychological needs of a handicapped person who is bound to a wheelchair. The
location of the villa ensures that the surrounding area plays an important role in the
project. This is expressed by the transparency of the central living area. The dwelling is buried within the slope of a hill where a part of the home refers spatially to the
atmosphere of a cave. With Maison à Bordeaux, Koolhaas designed an architectural
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Living tomorrow is the name of two temporary exhibition building in Amsterdam and
Brussels. They illustrate the influence of intelligent technologies on the living environment. Innovations in building technology, interior, ICT, domotics and health care,
lifestyle, work, and relaxation are included in the temporary buildings. In the Living Tomorrow, companies such as Philips, Bosch, and Coca-Cola work together on a
platform where visitors can become acquainted with products and services that may
improve our quality of life in the near future. According to Architect Vittorio Simoni,
who designed the Living Tomorrow in Brussels, the design was based on the notion
that technology must be embedded into the building and hidden from sight as much
as possible. Applications that are exhibited in the building include for example: the
“home delivery box,” a kitchen computer with voice recognition, biometric applications, and Talking mirror.
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LIVING TOMORROW, BRUSSEL (SIMONI, 2002), AMSTERDAM (BERKEL AND BOS,
2002)
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The project is a research platform that was initialized by the Georgia Institute of Technology that aims at the rise of technological innovations and services with regard to the
domestic domain. The domestic laboratory, as they call it, will test new developments
and products in a realistic living environment. Technology is translated into a house
system that opens the possibility for the user to control the house centrally. Products
are also being developed that are aimed at media and entertainment. Technological
innovations are being implemented to make life more pleasurable and easier; it is obvious that the technical systems are not yet suitable to the user. User experiences are
being evaluated, which can lead to the improvement of the products.

5. Integration

AWARE HOME PROJECT, (KID ET AL., 1999)

6. Conclusions

The technology utilized in the home was especially implemented to improve the accessibility of the wheelchair user. So it was purely functional, but Koolhaas goes beyond
functionality. This is expressed in a central lift system that is actually a plateau, and is
a part of the floor plans on the different stories of the house.

2.4 Promises and Challenges

environment that was complex and at the same time, hyper accessible and self-evident.
Koolhaas designed a spectacular home for this impaired client that is composed of
three living areas. The deep cave-like, out of the cave lifted, area was meant for intimate family life; in the middle, on the ground floor, is a glass house which is half
inside, half outside. On top of that a higher volume was placed that is separated into a
living space for the parents and a living space for the children. The basis of the design
was to create as much mobility as possible for the man in the wheelchair. The heart of
the home is a 3 by 3.5 meter large elevator that can move freely between the 3 levels
of the house. This platform thus becomes part of the kitchen, the wine cellar or the
study, depending on how the owner wants it. This is thus architecture that constantly
transforms.

Ben van Berkel, the architect of Living Tomorrow Amsterdam, says “I believe in a
kind of super-living in the sense that we need to start to think of how you can bring to
the house or more comfort than we are doing now, […] my belief is that the house and
living in the future should be more like holiday.” However, the building, aside from
its spectacular form, looks as if inspired completely by the applications and interior of
Xanadu, and does not offer any new insight. Living Tomorrow in Amsterdam closed in
2008, the Living Tomorrow building in Brussels is still open to visitors.

HOMELAB (PHILIPS, 2002)
In the Netherlands, Philips plays an important role in the field of ICT and automation, Homelab is an example of this. Philip’s Homelab has everything that a regular
home has: a living room, kitchen, bedrooms, shower, and toilet; however, it also has
more to offer. Appliances are hidden away in the hallways between rooms which make
Homelab a laboratory for data transfer, display support, computers, and peripherals.
The home does not have visible applications or wiring anymore, but does have more
electronics which supposedly make life easier and provide occupants with more freedom. Essentially, the Homelab is an environment for the analysis, conceptualization,
implementation, and evaluation of Ambient Intelligence systems based on the perspective of the user, it provides true user experiences. Homelab is a reconstruction of
a home in which test persons are observed to record their reactions to new domotic
applications. Cameras have been placed in all corners of the home, even above the
bathtub, in order to accurately observe test persons and their behaviour. The talking
mirror with internet display even reminds you that the trash still needs to be taken out.
Television screens with external lines in all rooms allows one to see where other people are in the home and even allows them to watch a football match together, even
when they are in different rooms.

MIT HOUSE_N (INTILLE, 2009)
House_n is a multidisciplinary research program initialized by the Massachusetts Institute of Technology in the USA. The project focuses on the relationship between the
design of the home, applied technology, products and services, and how these should
be developed to withstand the challenges of the future. With the help of Placelab, a living environment was simulated in the way we know it, new techniques, products, and
services were then tested in the simulation.
Technology was especially applied within Placelab in order to analyze the reaction
of users to new technological applications. The products were specifically designed
to control the home. There is also an interface present that is supported by the users’
lifestyle, aiming at living healthy. The analysis of the data produced during the tests
lead to new innovations and product improvement.
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The experimental housing projects have remained showrooms for the technical and
technological ingenuity and remain an amusement for the public, making for an interesting location for a day out. Applications were often ahead of their time and were
more part of a gadget culture rather than fulfilling the wants and needs of potential
users.
In general, these model homes were not serious views of the future mode of living,
they were more an indication and push for the further development of the home. On
the contrary, these have not had any influence on people’s attitude and intention to go
out and invest in domotics. Unfortunately, through these experimental homes, smart
homes have gained the image of being (too) futuristic, industrial, expensive, and gadgetry.

2.4 Promises and Challenges

Until now, building construction has mainly been busy with the physical means to create conditions for dwellings. Intangible functions such as perception and experiences
of the dweller, in this case being senior citizens, represent a growing part of the value
of a house. Hence, a reason exists for the building construction sector to take the challenge and integrate domotics functions in the building.
In the experimental projects mentioned before, technology is being implemented as
a response to the need for luxury, comfort, and ease. It was a sign of prosperity and
wealth; a new element such as a garage was an expression of wealth, status and luxury,
underlining that these families could afford their own car.
Initially, research into domotics was done through exponents of computer science
(Harper, 2003). The rationale was the technology and what was technologically possible, (“technology push”), not what the user felt they needed (“demand pull”). Later,
researchers from the corner of communication and human-machine interaction came
on, but automation remained an added element of the dwelling, an element that is first
developed apart from the dwelling, to be implemented later on.
In the evolution of automation within the home, can be distinguished in three phases:
(i)
Only technology is central, what is technologically possible?
(ii)
Influence of technology on home design; and
(iii)
“Home” is central, i.e. a place in which the occupant and technology come
together.
The third point is also the basis of this investigation.
The principles and goals of the projects described above vary considerably; Tron
(1988) and Titulaer’s “House of the Future”(1989) can be regarded as examples of the
first phase; Allison and Smithson (1956), and Xanadu (1983) are part of the second
phase and Maison à Bordeaux (1998), Aware Home Projects (1999), Homelab (2002),
and MIT House (2002) as examples of the third phase.

2. Dweller, Domus, Domotics

Science fiction and architecture meet each other in the concept of the intelligent living
environment (Vegesack and Eisenbrand, 2006). The current concept of domotic home
is only of an uncertain factor for the architect because the consequences of the dynamic process of change in residential needs, living patterns of seniors, and the speed
of change in technology is not facilitated. On the other hand, it is challenging because
changing patterns lead to new spatial and typological concepts.

4. Professionals’ Perspectives

2.3

6. Conclusions

Domus and Domotics

In the film “Mon oncle” (1958) Jacques Tati criticized a fully automated dwelling in a
humoristic way: cold, inhuman and robotized. Contradictory, he nostalgically painted
a warm living atmosphere in an old district where there was no sign of such novelties.
This leads to one of the challenges of domotic homes, the psychological aspect of a
home (Section 2.1, sub-section: To Dwell), which will be elaborately discussed in Section 2.4 of this chapter.

ASSISTIVE TECHNOLOGY FOR SUPPORT AND CARE
The private sector, not counting the exceptions, had not adopted “domotics technology” in the home by the end of the 20th century; the healthcare sector had adopted this
technology to a lesser extent. Technological appliances in the intramural care system
offered significant benefits (Nies, 2004; Driest et al., 2008; European Commission,
2008), by using “time-saving goods,” healthcare employees were spending less time
doing household tasks and had more time available to do more healthcare tasks. Domotics raised the self-reliability of the resident; as a result the inhabitant less needed
to do an appeal to the care-giver. Now, the accent has been moved to extramural care,
in this case, living independently for a longer period of time. Different projects where
domotics have been applied in have been initiated not only in the Netherlands but also
in the other European countries. In an intelligent home, disabilities of the dweller can
be fully or partly compensated as a result of improving the quality of life. The mission
is not to add years to life, but “to add life to years.”
A clear example of this accommodative approach is the Maison à Bordeaux, which is
described in the pervious sub-section. Maison à Bordeaux is Rem Koolhaas’ design
which aims at the compensation of the specific physical disabilities of the resident.
Architectural, healthcare, and construction disciplines are expected to anticipate the
social processes. The healthcare and building construction sector gradually try to offer more diversity, be more demand-driven, and apply new construction methods and
technologies. In the coming decades, developments in new type of living-care concepts and new types of homes for older citizens, such as group living, sheltered accommodations will be placed high on the agenda. Since the construction sector is known
to be quite traditional and shows little innovations, developmental projects can help
stimulate the construction sector and care sector to grow along with developments.
Technology is becoming more important in all aspects of healthcare (Eizmendi et al.,
2007; Giroux and Pigot, 2005; Mihailidis et al., 2008). Smart Care Technology can be
classified into six categories (Singh, 2005): assistive technology, labour saving technology, environmental technology, information technology, security technology, and
tele-care.
• Assistive technologies help people to be able to live independently despite of their
functional limitations. Examples of such applications are: induction loops, automated lighting, stair lifts, and service robots.
• Labour saving technologies are developed to improve the efficiency of care and
to diminish problems with lifting and moving heavy devices. An example of this
is the hoist.
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Tele-surgery seems the ultimate example of the influence of technology on healthcare.
Savata et al. (1998) sketch an image of the system’s future, the patient walks through
a portal and a hologram directly appears on the computer which the specialist uses to
form a diagnosis. Performing surgeries remotely is not fiction anymore either.
The events in the science fiction film “Fantastic Voyage” seemed far from reality in
1966: a medical team is physically shrunk and enters the bloodstream in a micro-
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The Association for Healthcare Organisations (Actiz) has stated that tele-care is a
promising technology and has been implemented in pilots in the Netherlands on a
small scale. In the last few years, several tele-care pilot projects have taken place in
Europe and the Netherlands. In the Netherlands, 21 healthcare organisations participate in the “tele-care” network (Peeters and Francke, 2009). Different primary functions are offered for tele-care such as tele-monitoring, tele-diagnosis, tele-coaching,
and tele-surgery.
Some examples of tele-diagnosis and tele-monitoring applications are the measuring
and comparing of blood pressure and weight, and possibilities to monitor people with
dementia. Patients can consult their doctor or physician from their own home via the
television or pc. In the case of emergencies, caregivers can observe the patient, via
cameras placed in the home, and take action. The healthcare centre can also open
doors, set the heating, shut down the gas supply, and control lighting.
A special form of tele-care is tele-coaching in order to support self management and to
maintain a healthy lifestyle for people who are in the early stages of illness. In small
scale projects, it is possible to guide occupants with fewer employees with the help of
communication systems and cameras, or patients with diabetes or heart failure can be
monitored via a so called “Health Buddy” (LaFramboise et al., 2003). It has recently
become possible to do dialysis treatment at home.

2.3 Domus and Domotics

Tele-care concerns offering healthcare virtually. This means that the caregiver is not
physically present; they are connected with or without a video connection. The system
can measure the occupants vital functions and he or she can be guided or diagnosed
remotely. Besides being accessible in emergencies, direct face to face help and followup care is also a requirement. Tele-care contributes to one’s ability to be able to live
independently for a longer period of time, when broadly implemented it can lower
costs and prevents unnecessary travel for patients.

5. Integration

•

6. Conclusions

•

Environment Technologies concern smart applications that offer cognitive orientation with the help of sensitive signals such as colour and sound, for example a
faucet which changes colour with different temperatures.
Information Technology includes diverse administrative, informative, and interactive tools such as conference calling.
Security technologies include a large selection of alarms: fire alarms, care alarms,
smoke detectors, etc. Alarm systems are installed in healthcare centres which send
out a warning when a patient gets out of bed or leaves the room. There are diverse
types of alarms, for example a fall detector, which detects the characteristics of a
falling object; this is particularly useful with patients who have balance problems
and disorders of the coordination capacity. Wander detection systems help a patient find their way back in healthcare centres and the surrounding area.

2.4 Promises and Challenges

•

submarine to do medical surgery on the brain from the inside. In a way, the submarine
depicted in the movie has come to life today in the form of a pill sized camera, the alliance between nanotechnology and medical technology, has become reality.
Due to these technological possibilities, healthcare can be received at home. Intelligent
technology can fill an important facilitative and assistive role in both the own home
and healthcare centre. The implementation of Tele-care sets high requirements on the
construction of houses.

CLASSIFICATION OF DOMOTIC HOMES
Jedamzik (2001) states that control and available information are characteristics of
smart homes and distinguishes four different components: user interface, technical
field (control over light, heat, climate, water), field of information (the home is a
knowledge base for healthcare, domestic accountancy, planning) and service field (refers to external services, financial, legal, commercial, educative, etc.).
Gann et al. (1999) puts emphasis on the functionality available to the user and distinguishes between two different forms of smart homes. In the first form, the emphasis
lies on “intelligent appliances.” This is a more traditional approach to domotics; while
the other form mainly concerns: “interactive computing within and beyond the home.”
Based on Gann et al. (1999), Aldrich (2003) sets up a hierarchical system to classify
smart homes based on the information and communication point of view: i) homes
which contain intelligent object, ii) homes which contain intelligent communicating
objects, iii) connected homes, iv) learning homes, v) and attentive homes.
As the home is more highly classified, “the house itself can be empowered to perform
a greater range of tasks relating to the occupants’ comfort, convenience, security, and
entertainment.” (Aldrich, 2003)
This classification system is comparable to that of Venkatesh et al. (2003) which is
based on the 4 stages of the evolution of technology in the home: i) the electrification
stage, ii) the automation stage, iii) the intelligentification stage, v) the human substitution (robotics) stage.
In this investigation from a building architectural point of view and based on the categories mentioned above, a distinction is made between four types of dwelling:
1) The Ordinary homes which comprise of single, stand alone intelligent applications. This category regards the typical home with many appliances that are intelligent to a certain degree, such as a thermostat or a smoke detector. Although these
homes are not regarded as domotics homes and are included in this classification in
light of Venkatesh et al., to clarify the growth process of domotic homes. A distinction is made between automation and the intelligent environment (Addington and
Schodek, 2005).
2) The e-domotic homes: these electrical-domotic homes regard homes that contain intelligent objects that are able to exchange information amongst each another.
The first pilots in the field of domotics fit in this category; it concerns the so called
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4) Smart surroundings: this category refers to future developments in the field;
developments that are still in the experimental phase and at laboratory level.
This concerns both learning homes, attentive homes (Aldrich, 2003) and the human substitution (robotics) stage (Venkatesh et al., 2003).
Learning homes record patterns of activity and use the accumulated data to anticipate users’ needs and control the technology and attentive homes where activities
and location of people and objects are registered and this information is used to
anticipate homes (Aldrich, 2003). Thus far, the development of “attentive homes”
(Aldrich, 2003) and robotics applications (Venkatesh et al., 2003) are in the experimental phase (e.g. Addington and Schoedek, 2005; Aarts and Encarnacao, 2006;
Aarts and Marzano, 2003; Bushko, 2005; Broekens et al., 2009). For example,
“The New Everyday” (Aarts and Marzano, 2003) describes the image of our future environment. In this environment, human beings will be surrounded by a vast
amount of energy efficient hidden microcomputers, the size of a grain of sand
(smart dust). This smart surrounding even observes an individual’s mood, and even
know what that individual wants to experience (context-aware, personalised, adaptive, anticipatory behaviour) and reacts to needs, habits, gestures, emotions, and
the individual’s mood by for example controlling light music. Aarts states that this
social intelligence makes domotics a new revolution. These intelligent micro sensors are embedded everywhere, in the architectural structure, clothing, appliances,
even in the body. These enabling components of invisible intelligence (embedded

6. Conclusions

3) The i-domotic homes: e-domotics is quickly being overtaken by systems based
on broadband and internet that allow for a wide spectrum of applications (healthcare, safety, communication, comfort, recreation and services) in the home. The
specific characteristic of the ICT-Domotic homes is the connection of applications
and services with a network inside and outside the home. This generation involved
similar appliances as in generation e-domotics (e.g. access management, active
and passive healthcare alarms, fire alarms, burglar alarms, path lighting, vacation
switches, day/night switches, and kitchen on/off switches) via the Internet. The
term “networked home” is also used for this category. Venkatesh et al. (2003) define a “networked home” in terms of two components: an internal home network
that mainly consists of network connections between family, friends, and social
groups; and an external network that connects the home with agencies outside the
home such as schools, shopping centres, offices, and community centres. Current
domotics projects fit in this category. This involves the implementation of the residential gateway as the central access to the home and broadband internet.
The “connected homes” (Aldrich, 2003) stage is comparable with the “intelligentification stage” (Venkatesh et al., 2003); which indicates the current situation (state
of the art) with regard to the technological innovation in the home in large parts
of the western world (CABA, 2008; European Network Construction Research,
2005; European Commission, 2008). Projects aiming at tele-care and tele-medicine, home monitoring, and diagnostics often fit into this category. The current
objection towards i-domotics is the unreliability due to technical issues.

2.4 Promises and Challenges

classic domotics projects. Vermeulen (2006) described several of these projects
that have taken place in the Netherlands in great detail.

systems) are constantly collecting and processing data and controlling the functions of devices. These systems are meant to increase the feeling of comfort and
safety of an inhabitant and thus increase productivity. You find them everywhere,
in mobile phones, printers, MRI-scanners, etc. This technology, characterized as
adaptive, wireless, and invisible sensors and multimodal (natural) interaction between human and environment is identified with diverse terms: ambient intelligence, ubiquitous computing, and pervasive computing.
In the Netherlands, Philips, amongst others, does research into these developments.
The company works together with the American Massachusetts Institute of Technology, this collaboration is named: OXYGEN, inspired by the thought of the presence of information technology having to be as normal as the oxygen we breathe.
It can be noted that the attention given to the “automation” of a home during the
start up phase is slowly shifting in the direction of “to dwell”, “the home”, and “the
dweller;” which points to a growing interest regarding the integration of domotics in
the living environment. The integration of technology and living is a parallel development. Hence, there is a large difference between domotics appliances in the dwelling
and the domotic home. In this context, Westra (1993) says that the consumer goods
are appraised for what a person can do with them; buildings are appraised for who you
can be with them.
This investigation focuses on the integration of domotics into the building structure
and its tangible and intangible effect on the act of dwelling and residential experiences.
However, this study zooms in on the current generation domotic homes (the third
level: i-domotics) and the attitude and needs of its potential inhabitants, the current
generation seniors.
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Despite the developments in ICT over the past decade, domotics has not made its
breakthrough in the residential sector (e.g. Pragnell et al., 2000; Leppänen, 2003; ENBRI, 2005; Friedewald et al., 2005); it is still in the pilot phase.
From technical point of view, a lot has been developed up to now, but a broad introduction never took place. As a product, domotics has not yet conquered the market, even
though the possibilities are unlimited. Evidently there is stagnation on the route from
developer to consumer; the entire chain from the technological product development
to the final implementation should be well-organized. Researching the factors which
characterize success and failure seems relevant.
Technology is an enabler; the use of technology takes shape from different social processes in the workplace and in the living environment. Individual, social, psychological,
organisational, economic, and sociological factors play an important role in the diffusion of domotics.
Diverse models have been developed to describe the development and diffusion of
innovations. Cozijnsen and Vrakking (1986) distinguish 6 phases in the development,
transfer, and implementation of innovations in the field of ICT: (i) research, (ii)development, (iii) diffusion, (iv) adoption, (v) introduction, and (vi) incorporation. Andriessen (1989) gives attention to the adoption, introduction and incorporation phase, each
having their own characteristics.
The development phase is followed by the transfer phase, the diffusion phase, and
adoption phase. In the diffusion phase, the innovation is spread amongst potential users, the adoption phase concerns discovery, research, balancing decisions, and making
decisions regarding the innovation. Technology push and society pull play an important role in the decision to adopt an innovation.
The decision to adopt is followed by the implementation phase, which consists of the
introduction and incorporation of the innovation: first, the introduction of the product
to the users and briefing them on how to use the product and removing the possible
resistances. Then, the incorporation of the application follows, meaning the transfer to
daily operational use, and how and to what extent the applications are utilized by the
user (Bouwman et al., 2002). Guidance may be necessary in this phase. When the application becomes an integrated element of the inhabitant’s daily life, the incorporation
of the innovation can be considered as successfully realized.
Subsequently, after a certain period of time, the effects of the use of the domotics application on daily life can be observed.
A great deal of development has been made in the area of domotics in the home, innovative ideas and products are being developed; the projects and experimental houses
described in previous sections are examples of this.
Distinction can be made between research labs, experimental projects, and pilot
projects, the first two are limited to the developmental phase, and a pilot project is
situated in the transfer phase. However, in these three cases, the implementation phase
has not yet been reached. It can be concluded that domotics is currently positioned in
the transfer phase, which is depicted in Figure 2.4.1.

6. Conclusions

2.4

2.4 Promises and Challenges

Breakthrough, Promises, and Challenges

The adoption process is crucial
and demands the full attention of
organisations on a meso (housing
corporations, businesses, and governances) and a micro level (enduser). Only then the implementation phase, which includes the
introduction and incorporation of
the application, can take place.
Perhaps, due to marketing motives, insufficient attention is paid
to the adoption phase; domotics
innovations shift to the implementation phase much too soon with
desires including “dissemination”
and large-scale market penetration.
This matter will be discussed and
empirically investigated in chapter
4 of this study.

Figure 2.4.1: Phases of innovation process of domotic homes
(based on Andriessen (1989))

One of the frequently used theories in the area of diffusion of innovation is the Rogers’
theory.
He defines the “Diffusion of Innovations” (1995, 2003) as follows: “Diffusion is the
process by which an innovation is communicated through certain channels over time
among the members of a social system” The speed at which different innovations
spread within a social system depends on several characteristics of the innovation
itself (Rogers, 2003).
• Relative advantages: the extent to which an innovation is seen as better than the
idea, practice or object that it must replace;
• Compatibility: The extent to which an innovation is consistent with current values,
past experiences, and the needs of potential users;
• Complexity: The extent to which an innovation is regarded as difficult to understand and complex to use;
• Testability: the extent to which the innovation can be applied in experiments on a
limited scale;
• Observability: the extent to which the use and the effects of an innovation are visible to other members of the social system.
When the experimental homes discussed in this chapter are viewed while keeping
these characteristics in mind, it becomes clear why these innovations did not live up
to the desired result. These innovations did not only score poorly on compatibility, but
also on the other characteristics.
Communication Channels are the carriers in the diffusion process, the roads on which
innovations travel through social systems. With regard to domotics, these channels
include sectors involved such as housing construction (housing corporations, and architecture), healthcare, businesses, and knowledge institutes.
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13. On 1 January 2007 the Social Support Act (WMO, for Wet Maatschappelijke Ondersteuning) came into force in all
municipalities in the Netherlands. The Act is designed to enable people to live independently and is meant to manage the
integration of people with limitations in society. This new Law will make municipalities responsibility for home care,
supporting and activating care, as well as the regulations for transport, client support and various subsidies.
(Peelen,A.; Holland, J.; Exter, A., den (2004) The Social Support Act (WMO), Health Policy Monitor, Institute of
Health Policy and Management, Erasmus University Rotterdam)
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The innovation process of domotics projects can be analysed from 5 different perspectives (Pragnell et al., 2000; Bouwman et al., 2002).
• Organisational Perspective: all factors related to the nature of organisations and
the environment in which the organisation operates. One can think about housing
corporations and homecare institutions.
• Technological Perspective: all factors related to ICT, hardware, software, networks, standardization, installation, etc.
• Economic Perspective: all factors related to financial decisions that have a role
in the decision making process of whether or not to adopt domotics. Analyses of
costs and benefits play a role on both organisational and individual levels. What
are the costs to purchase, install, and use (contracts, maintenance)? Does it lead to
an increase in rent? Are there funding possibilities from insurance companies or
the Social Support Act (WMO13)?
• User Perspective: all factors related to the individual user: his personal characteristics, lifestyle, and needs. How to deal with interaction between user and technology? As far as affective accessibility goes, it is about which domotics system best
suits the living environment of the user. The user-friendliness of a system decides
the extent of the threshold of affective accessibility.
• Psychological Perspective: all factors related to psychological processes caused
by the introduction of domotics: how do people make decisions? How important
is social pressure? How is friction caused and how can it be overcome? To what
extent does perception and attitude play a role in the decision making process for
the use of domotics? To what extent does domotics correlate with the user’s living
environment?

2.4 Promises and Challenges

The role of time comes back in the timeframe during which an individual (or another
unit of adoption) decides to accept an innovation. “Adoption Speed” concerns the
speed at which an innovation is spread within a social system; regarding domotics, this
speed is quite low. This is apparent due to the limited number of realised projects after
30 years of innovation.
This could be related to the types of actors that play a role in the establishment of domotic homes. Rogers identifies 5 adopter categories based on their relative innovativeness: innovators, individuals who adopt new ideas in a very early stage, early adaptors,
early majority, late majority, and laggards, conservative individuals of organisations;
that adopt new innovations in a very late stage or do not adopt the innovation at all.
Housing Corporations play an important role in the large scale diffusion of domotics;
As far as innovation policies are concerned, they cannot be categorized as an early
adapter or early majority. The same applies for the healthcare sector.

PROMISES AND CHALLENGES
Social acceptance of domotics depends on the possible benefits and barriers for individuals and society.
Domotics, as mentioned earlier on, has great potential. The added value of domotics in
healthcare has already been subject to many developments and investigations. Except
from the perspective of healthcare, such a networked and intelligent domestic environment can also offer more convenience, increased feeling of safety and security, time
and cost saving, keeping up to date, healthier, connected, and empowering to individuals and society (e.g. Aldrich, 2003; Diepen, 1990; Aarts and Marzano, 2003; Friedewald et al., 2008, 2005, ISTAG14, 2003; Rifkin, 2000). Literature classifies the main
societal movement during the implementation of technologies in domestic settings as:
• acceleration of everyday life, hectic and busy lifestyles, growing demand for efficiency, and flexibility in daily routines;
• breaking up the boundaries of time and space (increasing tele-presence);
• aging of population, leading to a demand of elderly living longer in their homes;
• increasing demand of security and safety;
• growing pressures to curb environmental problems and to save energy;
• increasing search for experiences and meanings by leading to building homes as
entertainment centres;
• increasing need for home as a sanctuary: home as dedicated to privacy, rest and
relaxation;
• technological way of life i.e. lifestyles that take technologies for granted15.
In this thesis, the benefits of domotic homes are distinguished into four categories:
(i) social, (ii) financial, (iii) organisational, and (iv) environmental benefits. These
categories are discussed elaborately in the empirical research done in chapter 4. On
the other hand, the adoption process of domotics is obstructed by several inhibiting
factors.
On the other hand, literature (e.g. Hartley 1994; Rosen et al. 1998; Engel et al., 1995;
Frissen, 2004; Pragnell, 2000; Harper, 2003; Friedewald et al., 2008; Himanen, 2003)
associates many factors with technological product failure.
For instance, after comparing diverse high-tech products from companies like Philips,
Sony, and Apple, Rosen et al. (1998) conclude that some fail factors for the advanced
technological products are: launching incomplete product, high price, inadequate promotion, and timing of market entry.
In the case of smart homes, Pragnell et al. (2000) indicate five factors that can influence the breakthrough of smart homes: economic, social, consumer, technological,
and global factors. After a SWOT analysis of the current ICT application market in
the home, Friedewald et al. (2008) draw the conclusion that the following elements
seem to be the most important obstacles for diffusion: dependence on housing stock
especially regarding solutions for retrofitting the existing housing stock; lack of common protocols; high initial investments from the consumer, little usability evaluation
by suppliers, user values and habits, and technology push by suppliers.
14. The Information Society Technology Advisory Group of the European Commission (ISAG)
15. Domotic homes can provide security in a plethora of ways. Motion detectors and surveillance cameras (accessed
through the Internet) can be set up to monitor the premises. As far as safety in healthcare is concerned, domotics has a
lot to offer; this has been discussed in the previous section.
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(iii)
(Building) technological challenges: it addresses technical problems concerning the development of domotics-applications and implications regarding implementation of domotics in the building;
(iv)
Organisational and financial challenges: this is about the communication challenges and efficiency implications in realization process and provision of services in
the domotics;

6. Conclusions
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2.4 Promises and Challenges

5. Integration

The interaction between these factors determines the final shape of the adoption curve
of domotic homes.
In Chapter four, the perspectives of professionals concerning the opportunities, threats,
and characteristics of domotics will be discussed using the above mentioned categories.

2.3 Domus and Domotics

(v)
Policy and regulations challenges: one of challenges regarding breakthrough of
domotics regards regulations, standards, and government policies;
(vi)
Environmental challenges: due to the climate change, the environmental aspect of domotic homes gaining an increasingly important role. This refers to finding
sustainable solutions other than the current short-term and project-driven solutions.
The innovations in this area mainly concern the energy-management challenges in the
domotic homes.

1. Research Design

2.1 Introduction
2.2 Domotics

(ii)
Promotional and educational challenges: this category refers to implications
regarding image of domotic homes, lack of trained (future) professionals, and publication and dissimilation to the end user;

3. Seniors’ Needs

2. Dweller, Domus, Domotics

(i)
Social and cultural challenges: the resistance and acceptance of individuals
(users and professionals), occupant’s needs and attitudes, and ethical issues and psychological barriers such as privacy, trust, and control regarding domotic homes will be
discussed in this category;

4. Professionals’ Perspectives

Due to the large number and the different nature of the challenges regarding domotic
homes this thesis classifies them as the following:

Whether what we have predicted comes to pass depends not
only on technological capabilities but societal attitudes.
McClelland, 1988

Part II

Empirical Research

To match demand for and supply of domotic
homes and consequently, to realize the aim of this
research, this part of the thesis relates to the empirical studies that have been carried out into the
needs and perspectives of the stakeholders.
It consists of two chapters: Chapter three deals
with assessing the attitudes and needs of the inhabitant towards domotics technology in their
houses, and Chapter four presents a study into
the perspectives of the professional stakeholders
of domotic homes.

Don’t assume that what the technology
can do in the household is the same as
what the household wants to do with the
technology.
Venkatesh, 1996

Demand

Chapter

3

Exploring the Needs and
Attitudes of Senior Citizens

This chapter covers the study into the residential needs and attitudes of senior people.
It consists of three phases: first of all, it discusses the major theories and background
studies into attitudes and establishes a new model for understanding the interrelations among factors contributing to the attitude of the older adults regarding domotics.
Subsequently, based on this model, in a qualitative empirical investigation (Section
3.1), the residential needs and attitudes of a focus group seniors are explored. Finally,
Section 3.2 generalizes the findings of qualitative section in a national survey and examines the relationship between variables of the model.

Introduction

3.0.1

Since General Electric introduced the “consumer oriented marketing concept” in 1950
(Berry, 1988), the requirement for investigating the attitudes and needs of the end user
has risen. Prior to examining the added value of technological innovations, it must be
made clear which needs the user has, which in its turn, the value of the applications
represent to him, and what the attitude of the user towards such a technology is.
Answering to one or more needs is the starting point of each innovation; domotics
should address the senior’s different needs such as: the need for security, social needs,
and self esteem needs (Maslow, 1954). Due to research into needs and attitudes, better
insight has been attained into the general and quality requirements which domotics
should meet.
Although several studies have been done on the application of technology in the household domain (including: Brown and Venkatesh 2005, 2003; Silverstones and Kirsch,
1992; Leppänen, 2003), not enough information is available about meeting the needs
and preferences of potential users for domotics (ECTP, 2005).
It is also difficult for experts to obtain scientifically based, reliable information on
the subject (Thackara, 2003; Batenburg et al., 2004). A possible reason may be the
dynamic process in the changes of needs in this target group. Through all the social
and technological changes, a “new” senior is emerging, and a “new” concept for housing supply is in development (Assael, 1992). Housing industries are confronted with
a consumer that is often described as active, knowledgeable, and post-modern (see
further Chapter two, sub-section Senior Citizen).
The success or failure of technological innovations (e.g. Bouwman, et al., 2002; Frissen, 2004) and the quality of the product are also determined by whether or not the
needs and requirements of the user are understood effectively (e.g. Zeisel, 1997; Keiser
and Smith, 1994; Nasar and Evans-Cowley, 2007; Slangen-de Korte, 1999). For these
reasons the research into the needs of the target group and into the factors that affect
the implementation and adoption of new technologies, sets the terms for the development in the provision of suitable domotics houses. Through research, the supply side
gets to know the target groups and their expectations better, and can thus channel and
adjust their innovative housing concepts and services to the target group.
Several studies into the introduction of new technology in the dwelling have been
carried out. Although these studies generally have the same goal, determining which
factors affect the dweller in deciding whether or not to use the innovation, different
techniques have been used to achieve this.
Three mainstreams can be distinguished: diffusion research, adoption research, and
domestication research (Pedersen and Ling, 2002).
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This thesis is geared at the potential inhabitants of intelligent houses. It is about exploring the needs and attitudes of the seniors. Domotics, keeping in line with Silverstone
(1992), must first be domesticated within the house before it can become accepted as
an achievement. The expectations of the older individuals of a new technology are related to the activities in the daily life and the needs of these people. Domestication of
the domotics goes beyond just the purchasing of the applications or service; it is about
the progressive integration of it into daily activities (Frissen, 2004; Broeck, 2004).
Due to the fact that this concerns a young market, domotic homes are not yet available
on the housing market and the majority of the target group does not posses the applications found in such a house. Therefore, this investigation focuses on the clarification
and the approach of the attitude of potential users towards domotics.
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3.0.2 Theoretical Background

3. Seniors’ Needs

The adoption theory focuses on individual decision making processes in which
different theories are used (Pedersen and Ling, 2002). There are many different
theories and models developed in this category. Within this stream of research,
the behavioural intention is the independent variable in most theories. A few of
the most influential theories are the Theory of Reasoned Action (Fischbein and
Ajzen, 1975) and the expansion of this theory: the Theory of Planned Behaviour by Ajzen (1989), the TAM (Davis, 1989) and the UTAUT (Venkatesh et al.,
2003). In this thesis the Theory of Planned Behavior and the TAM form the basic
principles for the study into attitudes of the senior towards domotic homes. These
theories will be elaborately discussed in the sub-section: Theoretical Background.

4. Professionals’ Perspectives

c)

3.0.3 Investigated Theories

The Domestication Theory (Silverstones and Kirsch, 1992) especially aims at the
adaptation of new technology in daily life; the emphasis lies on the social consequences of domestication of new technologies and the process through which
the technology is integrated into the life of the user (Pedersen and Ling, 2002).
In this field of research, many investigations are done into the influence of demographic variables such as age and gender. According to this view, technology and
its user influence each other in different ways, the so called the Mutual shaping
perspective. This perspective is based on the assumption that technology is an
“agent” of change that forms its user context and “objects of change” simultaneously (Lievens et al., 2006). These theories state that meanings of technologies
are not in the technology itself, but are formed by the interactions between all
actors such as: users, designers, and policy makers. Oudshoorn and Pinch (2003)
show how the design and use of technology are related to each other and how its
users are “active agents”; they can set up technology, but they can also break it
open again. Therefore, it can be concluded that the design and development of a
domotic home and the utilization of the domotic home are not separate processes.

5. Integration

b)

6. Conclusions

With regard to diffusion research, researchers focus on a macro- and organisational level. This type of research is mainly based on Roger’s (1995) work and
in practice it often leads to so called S-curves, which illustrates the distribution
speed of a product over the population over a period of time. The diffusion of an
innovation consists of the communication of an innovation (i) via a certain channel, (ii) over a certain period of time, and (iii) to the members of a certain social
system. This theory is thoroughly discussed in Chapter two (Section 2.4).

3.0.4 Attitude Research Model

a)

A combination of the theories mentioned above is the basis of this investigation. The
first two theories are used as a background where necessary in this investigation. The
adoption theory is the point of departure in this part of this PhD-thesis to assess the
attitudes of the older people towards domotics.
The dwelling offers space for various different activities, it is part of a physical, and
social network, it is a place that a person can identify him/herself with, and a domain
where a person can feel at home. In short, the functional quality of the dwelling refers
to all the functions it has for the dweller1.
However it is essential to analyse the impact of domotics technologies on the attitude
and behaviour of older adults, particularly in today’s dynamic living environment.
This study into the residential needs and attitudes is based on ideas and classifications
as described in the International Classification of Functioning, Disability and Health
(ICF) Model (WHO, 2001) of the World Health Organisation (WHO, 2001). The ICF
regards aspects of someone’s functionality and wellbeing. These aspects are described
in terms of healthcare domains and domains that have a connection with health. The
ICF orders different domains systematically with regard to aspects of human functionality that may have a relation to a health problem.
In the ICF model, human functionality is classified in three different perspectives: 1.
the perspective of the human organism; 2. the perspective of human actions, and 3. the
perspective of the person as a participant of society (WHO, 2001). In other words the
term “human functionality” indicates functions, anatomical characteristics, activities,
and participations. The term “functionality problem” points to disorders, restrictions,
and participation problems.
In this research, the ICF terminology is used to describe the functionality of a senior
in a domotics setting. It focuses on the classification of activities, especially those that
enable older people to live independently in a domotic home for a longer period of
time, i.e. in domains: domestic life, communication, general tasks, and demands.
Further, the ICF contains a list of determinants that may have an impact on three mentioned perspectives. These determinants, environmental factors, and personal factors
are included in this investigation. ICF defines environmental factors as: the make up
of the physical, social, and attitudinal environment in which people live and conduct
their lives. The factors, (assistive) products, and technology for (personal) use in daily
life, services and attitudes which have been defined as environmental factors have
been used in this research. ICF is not an instrument but can be used as an aid to develop
instruments. This model is used in this research to assess the user needs.
The coming sections (sub-section “Method”), based on the ICF model, describes the
research into the needs of a focus group of the senior individuals by means of an analysis of their daily activities. The attitude of seniors towards domotics setting, and which
conditions and characteristics of such a house may contribute to the improvement of
the physical and mental health and wellbeing of this target group are investigated.

1. For further elaboration, see Chapter two, Section 2.1, Home Experience
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The second phase of the investigation involves the senior citizens through conducting a qualitative study with a focus group to gather relevant data to determine
their underlying needs and attitude towards domotics. During this phase, in order
to discover the motivation and influence behind the attitude towards domotics,
“why” questions are asked.

c)

A mail questionnaire survey developed on basis of the results from the in-depth
research into the needs of the focus group has been carried out in the third phase
(Section 3.2.). This method was utilized to achieve reliable results and to generalize the results of the qualitative survey (Steckler et al., 1992; Biemans, 1991;
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3.0.1 Introduction

b)

3.0.3 Investigated Theories

This chapter consists of three phases:
a) The first phase is of a theoretical nature and involves an analysis of the above
mentioned theories and at the same time highlights the necessity for research
into attitudes and needs to consider the importance of understanding the (next
generation) older adults’ adoption and acceptance process of domotics. Literature
reveals many factors (e.g. ease of use, perceived usefulness, perceived risk, compatibility) that influence the intention to adopt.
However, the construct “needs” has not yet been involved in the mentioned models. Based on these theories a research model (Figure 3.0.3) has emerged in this
part of the study for the identification of indicators that have influenced the attitude of seniors towards domotics; this model is discussed elaborately in Section
3.0.4.

5. Integration

The theories and models mentioned above offer a methodological approach to carry
out research into domotics in a similar way. Thus, this is a contribution to the increase
of the functional quality of a dwelling. Taking these theories for granted, this study
explores the attitudes and needs of seniors. The investigation is discussed in the following sub sections.

6. Conclusions

(WHO, 2001) as the point of departure

3.0.4 Attitude Research Model

Figure 3.0.1: Adapted from: The International Classification of Functioning, Disability and Health (ICF) model

Edwards and Staniszewska, 2000; Tenopir, 2003). The aim of generalizations is
to predict, explain, and understand the needs and attitudes of Dutch older adults
towards the domotics in their living environment. The relation between the determinants of the model is also tested during this phase.
Generally, domotics is not implemented in the current housing stock; the majority of
inhabitants are not acquainted with domotic homes. For this reason, senior citizens are
addressed as “potential” users in this investigation.
However, the majority of the results are conceptual, so the insights gained will also
be useable for understanding the acceptance of future domotics technologies by the
seniors of future generations.

RESEARCH QUESTIONS
The main goal of this part of the research is to acquire insight in the needs and attitudes
of the senior towards the integration of domotics in their living environment and to
elucidate the indicators that influence their needs and attitudes. Insight into underlying
motives contributes to the development of domotics in the domestic setting which are
geared towards the needs and preferences of inhabitants.
In this part, the first research question of this thesis will be answered:
RQ1: How can domotics technology be integrated into the patterns of the daily living
of older adults?
This research question is divided into two sub-questions:
SQ1: What are the needs and attitudes of senior citizens with regard to domotics in
their domestic environment?
SQ2: Which indicators from the demand side are decisive for the integration of domotics into daily life of the older adults?
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In this investigation domotics is taken as the attitude-object.
Fishbein and Ajzen (1975) declare:“attitude is an important concept that is often used
to understand and predict people’s reaction to an object or change and how behaviour
can be influenced.” According to Ajzen and Fishbein (2000) an attitude can be seen
as the “overall evaluation of an object” and it structures the social universe and makes
decision-making easier (Fazio, 1989). Petty and Wegener (1998) see attitude as the
most important definition in social sciences.
Krech and Krutchfield (1948) define attitude as “an organizing, motivating, emotional process of observation and comprehension regarding the aspects of somebody’s
world.”
After the 1960s more of the evaluative aspects were emphasized. Katz (1960) defines
attitude as “the predisposition of the individual to judge an object (person, situation,
authority, event) positive or negative.” This seems relevant to the acceptance of domotics.
Rosenberg and Hovland (1960) extend this definition with the component of behaviour. They distinguish three integral components of the concept attitude: the cognitive,
the affective, and the conative (behavioural) component. In other words, the evaluation of the attitude object, either positive or negative, can be acknowledged in all three
components (cognition, affect and behaviour).

3.0.3 Investigated Theories

The underlying theories concerning attitude are discussed here.
The concept “attitude” refers to evaluative judgments about objects, persons and situations that have consequences for behaviour. There is little consensus known about the
definition of the concept “attitude” (e.g., Dawes and Smith, 1985).
One of the first influential meanings describes attitude as “the idea of readiness for
response” (Allport, 1935). An attitude is not behaviour but it is more a preparation of
behaviour, in other words a predisposition to answer an attitude-object which could be
objects, people, places, ideas or situations.

5. Integration

Whether or not an older adult accepts domotics in his or her house is related to the
individual decision-making process. During the investigation into the decision-making
processes, the notion attitude has to be dealt with. Attitude is shown to be an important
explanatory variable in studies of new technology acceptance and usage (McFarland
and Hamilton, 2006; Pedersen, 2005). It is generally agreed that positive attitudes toward a new technology results in a strong intention to use that product (Meer, 1981;
Legris et al., 2003; Shih and Fang, 2004). In this research, attitude can be used as an
indicator to predict seniors’ actual behaviour. In this study, it is assumed that attitudes
and the values and preferences that come forth from those attitudes are of great influence on living, and thus also on the choice of technological applications in the dwelling. Attitudes represent what people do or do not “want” in latent form.

6. Conclusions

3.0.2

3.0.4 Attitude Research Model

Theoretical Background

All three categories have an evaluative nature.
• The cognitive response refers to thoughts or beliefs; Fishbein and Azjen (1975)
use the term “beliefs” for this. This cognitive activity leads to formation of a judgment in terms of a subjective cost-benefit analysis with the purpose of forming an
evaluative judgment. This evaluative nature of attitude is defined as a positive or
negative reaction towards the attitude-object (Eagly and Chaiken, 1993).
Applied to the attitude-object domotics, responses like “I think an electrical lock
for my door is really practical” (positive evaluation) and “I think a vacation button is unnecessary” (negative evaluation) will belong in this category.
•

The affective response refers to feelings and moods that the attitude-object evokes.
The relative interest of affective responses varies; some attitudes will express
themselves in cognitive responses, others will be expressed in affective responses.
A statement that refers to the affective component is “I don’t feel at home in a technical laboratory”, or “I feel safer with the panic-button close at hand.”

•

The conative response refers to verbal expressions of behavioural intentions and
to the tendency to take action under a certain attitude. In general, the behavioural
component is considered as the consequence of cognitive assessment and /or affective reactions. It denotes to perceptible behaviour that is recognized (positive
or negative) in the presence of the attitude-object in this case: whether or not to
purchase or to use smart applications. A positive attitude does not always lead to
action.
A statement in this study that refers to the conative component of attitude is: “I
would accept adaptations in my current home in order to install fully automated
awnings.”

There are two different approaches towards these three component models (Stahlberg
and Frey, 1996). In the first approach, attitudes are regarded as a total evaluation of
an object, based on the three components. In this approach no statements are made
regarding the possible relations between these three components. In the second approach, statements are made concerning the relation between different components
and a causal chain perspective is used (Ajzen, 1989). In this approach, an attitude is
understood as an evaluation of an object, based on affections and cognitions, which
leads to behavioural intentions and behaviour (conation). The affective component of
attitude is illustrated as feelings, the cognitive component as thoughts, and the conative component as behaviour (Spooncer, 1992).
It is widely accepted that attitude has a hidden nature and is not visible straight away;
that is why conclusions must be drawn based on reactions to an attitude-stimulus
(Ajzen, 2005).
Those reactions can differ from subtle evaluative reactions that a person is not conscious of, to more direct expressions for or against the attitude-object.
Although attitudes are considered to explain and predict human behaviour, they do not
have to correspond with behaviour, meaning that this correlation is not always present
(LaPiere, 1934).In this study, an attitude is seen as a cognitive, affective, and conative
response formed by predisposition with regard to the attitude-object domotics.
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Is also based on cognition (beliefs)

cost-benefit analysis

Is also based on affection

positive or negative instinctive reactions

Has consequences for behaviour (conative)

with regard to adoption of domotics appliances

1. Research Design

3.0.1 Introduction

5. Integration

3.0.3 Investigated Theories

The TRA and TAM models form the basis for determining the attitude of the seniors
regarding domotics. This choice will be discussed and motivated in the following subsection (Investigated Theories).

2. Dweller, Domus, Domotics

positive, negative
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object domotics applications

Is evaluative

3.0.2 Theoretical Background

With regard to domotics:

Is aimed on an object, happening, etc.

3.0.4 Attitude Research Model

An attitude:

3. Seniors’ Needs

Table 3.0.1: Attitude-object applied to domotics

4. Professionals’ Perspectives

With regard to domotics, this means that the attitude is geared at domotics as an object; the attitude is evaluative, which means positive or negative. The attitude is also
based on cognition, in other words on positive and negative cognitive reactions, These
reactions has consequences for the (conative) behaviour. This is summarized in the
following table (Table 3.0.1).

Investigated Theories

3.0.3

The goal of this chapter is to determine the seniors’ attitude towards domotics and the
factors which influence their attitude. Most of the used models and theories in the three
mentioned mainstreams – adoption, domestication, and diffusion – of the technology
in the house also form the foundation of this investigation. Domestication and diffusion have already been discussed in the first section of this chapter (Introduction);
therefore, the adoption theory will be discussed below.
The adoption theory includes: (i) the Theory of Reasoned Action (TRA) (Fishbein and
Ajzen, 1975), which represents a comprehensive theory of the interrelationship among
attitudes, intentions, and behaviour; (ii) the Theory of Planned Behaviour (TPB)
(Ajzen, 1989) an extension from the theory of Reasoned Action which includes an additional concept, a perceived behavioural control (Schifter and Ajzen, 1985); and (iii)
the Technology Acceptance Model (TAM) (Davis, 1989) which focuses on explaining
attitudes impacting on decisions to use specific technologies (Shih and Fang, 2004).
Adoption theories are rooted in social psychology (Taylor and Todd 1995; Bhattacherjee 2000; Mathieson 1991) and focus on individual acceptance and adoption decisions. They state that individual behaviour (e.g. the acceptance and use of domotics) is
primarily determined by behavioural intention, which in turn, is predicted by multiple
belief structures concerning the intended behaviour and attitude (Ajzen, 1991; Bhattacherjee, 2000). Most studies into the effects of attitudes on behaviour are based on
the Theory of Planned Behavior (TPB) (Ajzen, 1991) or its predecessor: The Theory
of Reasoned Action (Fishbein en Ajzen, 1975). In this Theory, Fishbein and Ajzen
explain the pros and cons of the decision-making process. According to their theory
the best way to predict behaviour is by asking people what their intensions are. Beside
attitudes, social norms and perceived behavioural control also influence people’s intentions.
Based on Ajzen’s theory (1972; 1991), Davis (Davis, 1989; 1993) formed his Technology Acceptance Model (TAM), directed towards the acceptance of new technology.
This model differs from the other models because it does not focus on the characteristics of the user’s innovations but on the influence of external variables on opinions, attitudes, and intentions. In Davis’ model, the attitude which is formed due to technology
is divided into two separate components: its perceived usefulness2 and its perceived
ease of use.
The Davis’ model is used in various contexts, such as online shopping (Vijayasarathy,
2004), e-government (Kumar and Best, 2006), or websites (Ramayah, 2006). In later
research, the original TAM model is repeatedly extended, resulting in the TAM2 or
UTAUT model (Venkatesh et al., 2000) and e-TAM model (Heijden, 2000).

2. Davis describes the perceived usefulness as: “[…] the degree to which a person believes that using a particular
system would enhance his or her job performance.” This means that the person should realise the “advantages” of the
product.
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In sum, none of the theories and models mentioned above is fully appropriate to research the attitude towards a technology such as domotics, that is still in the first phase
of development.
Moreover, the needs of the inhabitant of a domotic home have not been taken into account, in any of these models, while they are crucial during the decision making process, especially in the case of senior citizens. However, these theories do form a basis
for the attitude-investigation.
To involve the component “needs,” as a qualifying factor for the attitude towards domotics, a conceptual model is built up, based on these theories. This model is explained in the following sub-section and tested empirically in a national survey spread
under older Dutch citizens. The results are presented in Section 3.2.

3.0.4 Attitude Research Model

Although usefulness and parsimony are important and form the main reason for which
TAM is generally preferred (Taneja et al., 2006), other factors such as the context into
which the model is applied also play an important role (Mathieson 1991; Venkatesh
et al., 2000, Plouffe et al., 2001; Legris et al., 2003; Fu et al., 2006). It is important to
realize that the TAM model focuses on technologies that are currently being used by
consumers.
However, domotics is not intensively implemented in the market and the majority of
the senior citizens do not have any kind of experience with these types of products.
Therefore, throughout this research, the term “potential” users is used.
Yu et al. (2005) assume that potential users view a new technology and accept it differently than other users. In fact, users have already accepted the new product and will
only recognize imperfections. On the other hand, potential users are not familiar with
the product; they have to familiarize themselves with the product and form an opinion
about the product.
Therefore, TAM is not entirely suitable for research into the attitude of seniors towards
domotics.

4. Professionals’ Perspectives

Figure 3.0.2: Technology Acceptance Model (TAM) (Davis, 1989)

Attitude Research Model

3.0.4

After intensively comparing and studying the theories and models mentioned above,
Claffey (2008) came to the conclusion that due to rapid changes in the needs of today’s
consumers and the fast developments in technology, new models for predicting the behaviour of the user are required. Depending on the domain of research, different determinants are applied to the developed models and different values are assigned to these
determinants. Some of the factors that were added to the TAM model are: perceived
playfulness (Chung and Tan, 2004; Moon and Kim, 2001), perceived enjoyment (Yu,et
al., 2005), costs (Wu and Wang, 2005), trust (Geest et al., 2005; Yu et al., 2005), and
compatibility (Taneja et al., 2006; Fu et al.,2006; Chen, et al., 2002).
The following new determinants which are derived from the theories mentioned above
are distinguished in this PhD thesis: perceived advantages, perceived disadvantages,
needs and background factors. The latter is divided into personal, informational, and
environmental characteristics. These variables indicate what respondents think about
domotics, what their opinion is about the use and need of domotics, their knowledge
and familiarity with domotics, and their opinion concerning the value-added of domotics.
These determinants will be discussed first, followed by a research model that has been
especially formulated for this study and built up of the items mentioned in this paragraph.

NEEDS
Needs, especially in the case of older individuals, is an important variable in determining whether or not to adopt a product. However, this study indicates that the variable
“needs” is missing in the TAM model. This paragraph concerns the relationship between attitudes and needs.
People pursue a number of goals to sustain or advance their “well-being” or “quality
of life”.
With the help of theories and models, many have tried to make lists of these objectives
under diverse names such as basic needs (Maslow, 1954; Max-Neef, 1992; Allardt,
1994), values (Rokeach, 1979), indicators of quality of life and well-being (Campbell
et al., 1976). For example, Allardt (1994) studied conditions for human development
and existence, which he formulated as having (material conditions), loving (social
relations) and being (personal growth). Rokeach (1979) stated 18 terminal3 and 18
instrumental values with which he tries to explain what a consumer needs.
Literature confirms the connection between needs and attitudes regarding adoption or
rejection of a product. According to Imundo (1980):“Behaviour is the result of people’s attempts consciously or subconsciously to satisfy their needs.”
The compatibility factor in Rogers’ theory, that has been applied in different forms to
the TAM model in different studies, refers to needs4 (Taneja et al., 2006; Fu et al.,2006;
3. Terminal values refer to desirable end-state of existence, i.e. goals of a person to achieve in the life, while instrumental values refer to preferable modes of behaviour.
4. Compatibility will be defined as the extent to which an innovation is perceived as being consistent with past experiences and current needs of potential users (Rogers 1995). If this consistency is insufficient or not present, consequently
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the adoption speed will be slower.
5. Consumer Decision Process
6. Schiffman (1991) indicated that a need fits in a biologically inspired human image, views the human being as driven
by primary physiological needs (food) or secondary psychological needs (money). Future plans and intentions are also
classified as needs.
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The domotics technology which has been developed as an answer to a number of problems is perceived by the senior citizen as a source of new dilemmas. While there are
positive factors influencing the use of domotics such as, safety and tele-care. There are
also some perceived potential negative factors, such as isolation, social division, loss
of control, and privacy that cause concerns to the older citizens in terms of their acceptance of technologies. Finally, in this process either a positive or negative attitude
towards automation must be formed (Pligt and Vries, 1995). These indicators, which
are included in the research models, are referred to in the TBP model as costs-benefits
analysis.

5. Integration

PERCEIVED ADVANTAGES AND DISADVANTAGES

6. Conclusions

In this study, it is presumed that the determinant need, in addition to perception, is
significant for determining the attitude. Therefore, it is important to understand the
values and needs of seniors. This is confirmed through general “consumer behaviour”
models, which assume that the behaviour is caused by the needs of the consumer
(Blackwell, 2006; Engel et al., 1993; Schiffman et al., 1991). Sanhoff and Katz (1954)
explain that attitudes are formed due to utilitarian, ego defensive, value-expressive, or
knowledge-based needs.
Engel et al. (1993) explain in the EKB model of consumer behaviour, which later became the CDP5 model the relationship of needs, attitudes, and behaviour. This model
is composed of seven steps towards the acceptance of a new product; the first step in
the process is “needs recognition.” They state that a need is developed through a discrepancy between the current and desired situation (i.e. from a feeling of anxiety to a
feeling of safety) and need recognition depends on the extent of this discrepancy. Their
model shows the relationship between needs, attitudes and behaviour. These needs are
activated through both internal and external factors6.
In relation to the influence of technology on acceptance, Czaja et al. (2007) also point
to the influence of needs on attitudes in their Human Factors Approach Model. The
senior citizens of today form a very heterogeneous group and their individual needs
will finally be decisive whether or not domotics will be accepted in their domestic setting. This fact is taken into account in this investigation into the needs and their influence on the attitude of seniors. Based on the arguments mentioned above, the construct
“needs” is incorporated in the research model.

3.0.4 Attitude Research Model

Chen et al.,2002; Lee et al., 2003; Fu et al., 2005; Chen and Tan, 2004; Wu and Wu,
2005). It seems that compatibility has a positive effect on the attitude. After intensively
researching literature, Tornatzky and Klein (1982) have also stated that the variables:
relative advantage, compatibility and complexity are the most relevant factors in the
adoption process.

BACKGROUND FACTORS
Background factors form a determinant in establishing attitudes in this study. According to Ajzen (2005), these factors are personal and social (general attitudes, personality
traits, values, emotions, and intelligence, age, gender, race, ethnicity, income, education, religion) and information; these factors can influence a person’s attitude.
Therefore, the following characteristics are included under background factors:
(i)
personal characteristics (such as age, gender, income, number of households,
health, home care;
(ii)
environmental characteristics (such as type of dwelling, products and technologies at home, relocation plans, preferences for another type of living);
(iii)
informational characteristics (knowledge about and experience with domotics).
These characteristics could have influence on the attitude towards domotics and therefore, these components are included in the conceptual model of this study. This choice
is further argued below.

PERSONAL CHARACTERISTICS
Different studies have clarified that social-economic and demographic characteristics
have a stronger influence on the attitude and residential behaviour than other factors
(Lu and Pas, 1999; Schiffman, 1991). Rogers believes that socio-demographic characteristics, personal values and communication behaviour define the “innovativeness”
of this target group.
In some cases, the consumer behaviour of older adults differs from that of the young
adults. However, in the AgeWise model Sikkel and Keeh (2004) assume that it is not
just age, but significant life experiences that are of fundamental influence on needs,
attitudes, and purchasing behaviour.
Through process orientated events (i.e. aging) or event orientated events (i.e. the death
of a partner) new needs can develop in consumer behaviour. Besides, personal competences, experiences, values and circumstances play an important role in the acceptance and choice of products. The phase of life in which people find themselves is also
relevant but does not determine everything.

ENVIRONMENTAL CHARACTERISTICS
Several studies indicate that the influence of environmental factors, particularly the
social and physical environment, on a person’s attitude is an important factor (Bell et
al. 1996; Fu et al., 2006; Legris et al., 2003). In the eclectic model of theoretic perspectives Bell et al. (1996) indicate that the objective physical conditions of an environment will lead to a perception of that environment. This perception of the environment
is influenced by personal characteristics, situational factors, and cultural factors. These
environmental factors can influence a person’s attitude on three levels, micro, meso
and macro (Boot et al., 2001). Especially seniors’ behaviour is influenced by environmental conditions; the interaction between needs of seniors and the (social) environment’s context helps to determine the attitude towards new technologies. Several
researchers recommend integrating personal, social and environmental factors into the
TAM model (Fu et al., 2006; Legris et al., 2003).
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The factors environmental, informational and personal characteristics are incorporated
in the research model pictured below (Figure 3.0.3), under background factors.
Based on this research model, the current needs and attitudes of people aged 55 and
over who are indeed potential inhabitants of domotics houses, are empirically explored.
Predicting the exact influence of possible variables of a product that does not yet exist
or is still in development can be problematic (Deursen et al., 2006). To form a clear
image of any missing factors or the causality of factors, a mix method (Creswell, 2003;
Steckler et al., 1992) is used and the study includes both qualitative and quantitative
strategies. Qualitative research methods are preferable when the investigation is oriented to determine needs, perceptions or believes (Milena et al., 2008). However, the
revelation of the motivation and influence that lay “behind” the adoption decision of
the user is principally based on “what” and “why” questions, the wide range of possible answers to this is difficult to record based only upon a questionnaire (Rogers,
2003).

5. Integration

Rogers (1995) suggests that knowledge is a factor that determines the speed and volume of adoption: there is no adoption without knowledge. He incorporated previous
experiences as a component of the knowledge stage that impacts the attitudes and
intention to adopt. Former experience with the innovation enhances trialability and
observability of the product, which is important in the early stages (belief formation)
of adopting. Consequently, users tend to build up knowledge and strong beliefs about
the product, which will increase their general attitudes toward it (Yoh et al., 2003,
Morosan, 2006).
Past experiences also have influence on the attitude and beliefs of people. If inhabitants behave in a manner that is incompatible with their attitudes; they experience
cognitive dissonance.
All of the above show that knowledge and experience could have an important influence on the formation of the user’s attitude. In this investigation, the knowledge and
experience of seniors with domotics is included under “informational factors,” and the
variable “informational factors” is included in the background factors of the research
model.

6. Conclusions

INFORMATIONAL CHARACTERISTICS

3.0.4 Attitude Research Model

Considering what has been discussed thus far, it is clear that environmental factors
cannot be viewed in isolation from the resident; there is a continuous interaction between these two.
In this study, the influences of environmental factors will be measured with the following variables:
• location;
• housing typology;
• rented housing or owner-occupied housing;
• adaptations and (domotics) facilities present in the property;
• plans to move;
• preference for another type of property; and
• social contacts.

There has been an increase in the application of qualitative research methods in order
to gain additional insights into research problems and questions, particularly where the
emphasis is on personal experience and perceptions (Marshall et al., 1989; Denzin et
al., 1994).
For this reason, the first section of this chapter discusses the execution of an exploratory and diagnostic qualitative research into focus group by answering the questions:
“what” and “why”.
In this section a focus group consisting of nine seniors will be used to gather relevant
data to assess the needs and attitude towards smart technologies and what the underlying motives and influences are. The focus group procedure is based on the triangulation of longitudinal group discussions, enabling techniques and in-depth interviews.
Conversely, each research method has its advantages and disadvantages (e.g. Corbin
and Strauss, 2008; Baarda et al., 2005); findings from qualitative research are difficult
to generalize.
The qualitative Section 3.1 of this chapter will be followed by a survey that is spread
amongst 2000 seniors in the Netherlands (Section 3.2). Primary focus of both methods
is to explain attitude and needs of senior citizens. Quantitative results assist in the interpretation of qualitative findings by means of exploring certain results in more detail
(Creswell 2003).With this survey the results of the qualitative research is tested, subsequently, the possibility of generalizing the results in relation to seniors living in the
Netherlands are examined7. This survey is used in this context to explore the relation
between needs, perceived advantages, perceived disadvantages, and attitudes of the
older adults towards domotics in greater detail.
Based on the results collected from both methods, the characteristics of the desired domotic home is developed. These are translated into (building) technological characteristics and implications for the design of domotic homes for senior people (chapter 5).

7. With a quantitative approach, the investigator primarily uses post-positivist claims for the development knowledge
(Creswell, 2003) and qualitative researchers study things in their natural settings, attempting to make sense of or interpret phenomenon in terms of the meanings people bring to them. (Denzin and Lincoln, 2000).
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3.0.4 Attitude Research Model
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4. Professionals’ Perspectives

3.0.3 Investigated Theories

Figure 3.0.3: Conceptual model attitude towards domotics (based on TAM and TRA)
2. Dweller, Domus, Domotics

3.0.2 Theoretical Background
3. Seniors’ Needs

1. Research Design

3.0.1 Introduction
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Chapter

3

Section 1
Qualitative Research into the Needs and
Attitudes of Senior Citizens

The qualitative research towards the residential needs and attitudes of seniors regarding the application of domotics within the home is discussed in this section. The study
attempts to assess the factors related to embracing of intelligent technology in the
domestic environment.
Firstly, certain terms are defined and linked to important theoretical developments in
this field.
Secondly, the used methods and procedures concerning data gathering, analyses, and
results are discussed.
Finally, the section ends with a conclusion and discussion.

Introduction

3.1.1

The nature of this study is explorative and analytic, using qualitative focus group interviews. The focus group seniors represents the demand side, i.e. the (potential) inhabitants of domotic homes. This research technique implies a group discussion in order to
identify perceptions, thoughts and impressions of a selected group of people regarding
a specific topic of investigations (Kairuz, 2007). The purpose of the focus group discussions is to bring the underlying motives and attitudes to the surface (Pelsmacker
and Kenhove, 2006; Burns and Bush, 2005).
Due to the dynamic character of the needs of the senior regarding residential situations
during this study, a longitudinal study has been applied8 (Cohen, 2000).
The focus group consisted of nine seniors (Evers, 2007; Burns and Bush, 2005), five
females and four males between the ages of 55 and 77, all living independently. This
longitudinal cohort study was performed from 2007 until 2009. During this period several measurements were done with the same equipment (questionnaires) to measure
the changes in residential needs and the attitude towards domotics technology, in the
course of time. By returning the focus on crucial points several times and by sticking
to in-depth interviews it was possible to thoroughly study these factors.
One disadvantage of using the focus group method is the limited representativeness of
the members.
However, the research into the focus group has led to indications of widening the research with quantitative techniques.
The members of the focus group were recruited in Eindhoven and the surrounding area
(The Netherlands). A flyer was distributed with information about the study in places
where seniors generally meet each other. The search aimed for seniors who were interested in the study and were prepared to put energy and time into the project over a
longer period of time.
In order to avert the mixture of research into a needs and satisfaction study, the focus
group is composed of seniors who have no prior experience with domotics. Hence the
members of this focus group can be seen as potential users of domotics.

8. A longitudinal study is an investigation that involves repeated observations of the same sample over long periods of
time (Cohen, 2000; Burns and Bush, 2005).
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Structured

Not or semi structured

Direct

Questionnaires: satisfaction current living situation, preferences for domotics

Explorative discussions within the focus
group

Indirect

In-depth interviews

Enabling techniques

5. Integration

3.1.3 Analysis

Pelsmacker and Kenhove (2006) classify the interviewing techniques into structured
and semi-structured interviewing based on two criteria: the level of structure in question and the degree of openness or directness of the question. Structured and semistructured interviewing techniques are applied in this study in which both direct and
indirect questions are asked.

3.1.2 Method

Table 1: Applied data collection techniques to investigate needs and attitudes of seniors
Questions

1. Research Design

3.1.1 Introduction

2. Dweller, Domus, Domotics

In order to conserve the quality of the study several different methodological approaches have been applied, resulting in a triangulation method (Flick, 2007; Baarda,
2005; Saunders, 2006). In order to emphasize the validity of the study these methods
were converged.

3. Seniors’ Needs

3.1.2

4. Professionals’ Perspectives

Method

Figure 3.1.1: Approach model qualitative research: various types of techniques and instruments used in focus
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3.1.4 Conclusions

The chart above gives an overview of the techniques used in the focus group and the
instruments used to carry them out. The techniques used within the focus group are:
group discussions, enabling techniques, in-depth interviews, and surveys with open
questions.

6. Conclusions

group study

Six different data collection instruments are used for the three used qualitative techniques:
(i)
the used data collection tools for focus group discussions are: transcriptions
and report of the discussions, and the questionnaire “Appreciation Domotics” which is
filled in by all the members individually, at the beginning of each session;
(ii)
the used data collection tools for in-depth interviews are the Matrix USE and
interview transcripts; and
(iii)
the used data collection tools for enabling techniques are the drawings and
notes of the members of the focus group, checklist and questionnaire “How do I want
to live”, and the reports of the workshops.
Based on these data collection tools, an analysis instrument was developed for each
method:
• MG for the group discussions;
• MU for the analysis of the in-depth interviews; and
• ME for the data collected from the enabling techniques.
Successively, the background and techniques of the study into focus group discussions, the in-depth interviews, and enabling techniques will be discussed in the next
sub-section.

FOCUS GROUP DISCUSSIONS
The members of the focus group did not have any direct experience with domotic
homes. Through workshops and several visits to domotic projects, the group became
acquainted with the subject step by step, from a basic to a more advanced level. Depending on the goal and subject of a group session, a questionnaire was used to guide
the discussion.
A focus group discussion can be considered as an exploratory research method (Milena
et al., 2008; Flick, 2007; Burns and Bush, 2005). The discussions were supervised in
an indirect manner, i.e. by means of an appointed chair within the group. Meanwhile,
the researcher (the author) intervened in the discussion supplementary to remind the
participants of specific items important to the research, to summarize or to get the discussions going (Zeisel, 1997; Pelsmacker and Kenhove, 2006). This was done with the
intention of getting the participants to be more spontaneous; and to inspire them emotionally with interaction (Verhallen and Vogel, 1983) to generate more ideas in order
to define the underlying motives of the members. People often change their mind after
listening to the opinions of others and after getting better acquainted with the product,
in this case domotics. It is for this reason that the opinions of all of the members were
inventoried again at a later phase in the study.
One disadvantage of the discussion method was that the results were verbal, and during
the workshop the supposed leader effect (Zeisel, 1997) could occur; in other words, the
individual experience can be over flown by the group’s process. Group influences can
have an inhibitory effect such as the danger of social desirability bias (Saunders et al.,
2006; Evers, 2007).
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9. In an open interview, it is important that the interviewee feels his answer, no matter the form or nature, is acceptable
and valuable to the investigation. With the topic interview method, the questions are open, but the addressed topics are
more or less fixed (Baarda et al., 2005).

5. Integration

The devices which the respondents would like to have installed in their own home if it
were to be rebuilt right now was also questioned. Questions were also asked about the
type of information and guidance the seniors would expect if appliances were installed.
The group discussions were recorded, transcribed, and the summaries were fed back to
the focus group. The starting point of testing in following sessions were derived from
important elements and suspected links between certain characteristics.
Occasional visits to domotics projects were organized to observe how the living environment evokes certain perceptions and to examine how seniors react to certain domotics applications.

4. Professionals’ Perspectives

3.1.3 Analysis

An open9 and topic interview was chosen for the first session because of its flexibility
(Baarda, 1996). During an open interview, it is essential that the respondent feels his
answer, of any kind or in any form, is accepted and is valuable to the study. In such
an interview the interrogation method is open but the topic itself is fixed (Flick, 2007;
Emans, 2002; Baarda, 1996). This method allows the senior citizens to be very free in
their reaction when stating the aspects that they like and dislike. The interviewer could
intervene with direct and/or indirect questions during the session. Subsequent to the
open questions, more structured tasks and questionnaires were used.
As stated earlier, attitudes are subjective considerations of pros and cons (Ajzen, 1991,
2005). During the group sessions, seniors’ attitudes towards intelligent domestic setting were studied comprehensively. Based on the older citizens’ comments, considerations, and ratings it was possible to derive what pros and cons were granted to domotics by them. Questions were asked about the important characteristics of an intelligent
home, the general opinion on automation, the importance or superfluity of appliances,
the improvement of certain appliances and the appliances that have been overlooked.

6. Conclusions

In order to prevent this problem, prior to each workshop, before respondents could be
influenced by the opinion of others, members were asked to fill in a questionnaire or
form (a combination of open and closed questions) with rating scales. Structured lists
of questions, for example the appreciation of domotics applications, were frequently
used in this survey with rating scales including space for comments (analysis instrument MG) in order to gain more insight in the attitude and underlying thoughts and
motives of the respondent.
During each meeting it was made clear that the study was aimed at the user as an individual; questions such as: “What is your opinion on domotics?”, “What do you think
about this facility?”, “Which facilities would you like to have?”, “How do you feel
about domotic homes in general?”, “What would you need and what would you install
if you were to rebuild your house right now?”
By using these open questions, the respondent could form a reaction by their own
means. Several members found it difficult to answer questions about domotics applications on a 5 point scale basis where 1 indicates “unnecessary” and 5 “indispensable.”
The difficulty lies in the distinction between the current needs and the possible needs
in the future; they found it difficult or even impossible to account for possible, but currently unknown future needs.

Qualitative research has two crucial aspects: the data and the interpretation of the data
by the researcher (Strauss and Corbin, 1998). To avoid researcher bias and to exclude
prejudice; the data, independent of each other, was also handed over to a research assistant and a specialist (peer- debriefing). These three analyses were then compared
with each other (Strauss and Corbin, 1998; Baarda, 2005; Easterby-Smith et al., 2002).
The results are discussed in the following section (Section 3.1.3: Analysis).

IN-DEPTH INTERVIEWS
The in-depth interview is a technique designed to firstly, highlight a vivid picture of
the participant’s perspective on the research topic (Milena et al., 2008) and secondly,
to investigate the underlying motives and needs of the interviewees, their attitudes
and perceptions (Burns and Bush, 2005). They do not offer researchers a route to “the
truth” but they do offer a route to partial insights into what people do and think (Longhursta, 2009). Different tools and approaches are available to determine user needs.
Three known developments can be identified within user needs analysis:
(i)
Performance Based Building: searching for links between building performance and user activities (Szigeti en Davis, 2005; Prior and Szigeti, 2003; Heijs, 2005);
(ii)
Laddering: determining housing needs on the basis of the values of consumers
(Coolen, 2005; Gutman 1982);
(iii)
Participatory Design: involving residents in the design process (Sanoff, 2003).
Through comparing these three methods with the User needs by Systematic Elaboration USE method, Heijs (2005) concludes that USE is the most suitable method for
a demand orientated inventory of needs for new housing concepts. The USE method
is based on the person-environment fit theory which considers the interrelationships
between personal competence and the environment (Lawton, 1982).
In this study into needs of the focus group, in-depth interviews of the members of the
group are conducted with the help of the USE method. This method evolved out of research into the housing needs of seniors. This method concerns the separation between
supply and demand (Heijs, 2005) and the possibility of translating the research data
into performance requirements.
An “interview-guide” is used to specify the needs of seniors of the focus group. In
USE, needs are defined as “a physical or psychological state, or an activity to reach
this state, that is fundamental for physiological, social and psychological well-being,
associated with the process of use.” (Heijs, 2005)
The interviewer takes the interviewee on an imaginary tour through all the areas and
rooms of the house and identifies all the daily activities that take place there.
In-depth interviews are conducted on a one-on one basis by dr. W. Heijs, at the Eindhoven University of Technology (2008).
In order to trace needs, the answers to the questions are classified in a limited set of
concepts: goals, activities, current problems and their expected problems in the future.
Hägerstrand (1970) argued that activities are a result of basic needs and the desire for
self realization. Based on argument, Chapin (1978) pointed out that activities of individuals are a result of the tendency to do certain activities and he refers to Maslow’s
hierarchy of needs, implicitly referring to attitudes.
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3.1.2 Method

1. Research Design
3. Seniors’ Needs

2. Dweller, Domus, Domotics

3.1.1 Introduction

In this approach, the functional problems of seniors are linked with the demand (needs
of the senior), and concrete problems are related to the supply side. Performances
indicate the supply; they are “required characteristics of the environment to fulfill
demand”, as Heijs (2005) states. The relationship between a demand and performance
are called “performance requirements.” Performance requirements as a whole lead to
a functional schedule of requirements.

3.1.3 Analysis

A characteristic of USE is, if an answer has an abstract aggregation, the goal and
activity will be re-questioned until a concrete and sensible answer can be formed. If
the activity is abstract, the goal is questioned. If the seniors’ answer points out a solution, the goals and activities are questioned. The data extracted from the interviews is
shown in a matrix composed of activities, rooms, goals, problems, type of house, and
the characteristics of the interviewee.
The occupational functioning and daily activities of seniors, as described in the ICF
model (figure 3.0.1), are introduced in this study. The term functional problems of the
ICF model, which refers to impairments, disabilities, and problems, are also addressed
in this investigation into user needs. The study focuses on those activities of seniors
which mainly deal with independent living. These correspond to the ICF domains:
domestic life, communication, general tasks, and demands.

5. Integration

In figure four, method needs are based on the interaction between activity, space, aim
and the problem. The interviews are lined into a matrix, the so called analysis instrument Matrix USE (MU), which consists of activities, space, aim, current and expected problems, type of dwelling and the name of the interviewee (figure 3.1.2).
In total, 502 activities are mentioned by respondents and entered in the MU; of the 132
named problems, more than half (76) where directly related to the dwelling.
In such a way, MU gives a detailed overview of day-to-day activities and problems of
the target group at home.

4. Professionals’ Perspectives

Figure 3.1.2: The principles of conducting of in-depth interviews as recorded in the analysis instrument MU

The sub-section: “Analysis” further describes the method of elaboration of the data
from the matrix and the translation of the data into performance requirements.

87

3.1.4 Conclusions

Engel et al. (1993) state that a need is caused by a discrepancy between the current
and desired situation (i.e. from a feeling of anxiety to a feeling of safety), and that the
recognition of needs depends on the extent of this discrepancy. One way to illustrate

6. Conclusions

ENABLING TECHNIQUES

this discrepancy and the “mental pictures” of the “desired situation” (Zeisel, 1997) is
by allowing the respondents to draw. Zeisel states: “Used together with observation
methods and focused interviewing, standardized questionnaires are particularly useful
to gather information about such topics as people’s perceptions, their attitudes, values,
and the meaning the environment holds for them.”(Zeisel, 1997) These techniques
enable the respondent to talk in a “hidden” way about his motivations and attitudes
(Boddy, 2005; Pelsmacker and Kenhove, 2006).
Subsequenty, several examples of this technique being applied in different areas of
research are discussed. This technique is used by Sanoff and Barbour to allow students
to design their “dream school” and has been applied in many studies that followed. To
collect knowledge about the user, Eggen et al. (2000) set up and performed an investigation into how ten Dutch families experienced the concepts: “home” and “intelligent
home.” The data collected will be used in the development of new products. This
method was also used by Dierkx (2002) in his PhD thesis on “Cool Schools for Hot
Suburbs”; a study of models for sustainable and affordable schools in Kenya. During
workshops, children made drawings and wrote stories about their “dream school”; the
results were processed in the developed models for schools in Nairobi.
The basis of these techniques rests on the assumption that the respondents’ true opinions and feelings are not clarified by questioning them directly but rather by projecting
their opinions and feelings on objects. These techniques have the advantage that they
leave the participant free to give a description of their own imagination and feelings
(Burns and Bush, 2005). The underlying motives as to why or why not seniors accept
domotic homes can be determined through enabling techniques in a non-directive way
(Schiffman, 1991).
In this investigation, the enabling techniques are used in two workshops: in the workshop “Adapting Existing Dwelling” the assignment was given to draw all the desired
adaptations in an illustration of an existing dwelling. In the second workshop “Desired
Dwelling” the members of the focus group were asked to freely draw their desired
intelligent home (dream house). In these workshops, two architects gave the necessary
instructions and guidance. The participants were also requested to add notes on the
motives, goals, and meaning of their drawings.
With the help of the questionnaire “How do I want to live” and a checklist, the respondents were reminded of certain technical and functional aspects of the dwelling,
for example the orientation with respect to the sun, suitability of the property for the
future and facilities present in the property.
Respondents had already filled in the questionnaire “Current living situation” and had
indicated desired improvements. This list was compared with the data collected from
the workshops Enabling Techniques (analysis instrument ME).
The drawings and written data from the workshops were analyzed individually by
four analysts. The analysts paid special attention to the respondents’ diction when describing their design and the criteria used by them, for example the criteria “convivial
atmosphere.” These criteria were discussed and verified with the respondents.
An overall analysis of the designs is made based on all the data collected so far, and
preliminary conclusions are drawn, which will be discussed in the sub-section titled:
Analysis Enabling Techniques. The two workshops are about tracing housing preferences, functions, applications and use, not the spatial structure, since it is about living,
not “the architecture of the dwelling.”
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It was remarkable that the argument “threat to privacy” was not mentioned by respondents. It is possible that this is a problem experienced more by the experts rather than
by the end-users.
10. In this part of the research, the focus group participants are labelled as P1 to P9.
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The materials of the group sessions: reports, transcripts, notes, and summaries were
screened independently from each other, line-by-line, by two people (Patton, 2002).
The themes, comments and topics mentioned are inventoried and named “attributes.”
Some of these attributes are: adaptations in the dwelling, standard facilities, reliability,
freedom, comfort, convenience, necessity, hominess, privacy, costs, and the future.
The attributes are ordered conceptually, combined in analysis-instrument MG where
necessary, and placed into some initial categories (Corbin and Strauss, 2008). The
residential needs that were brought to light during the group sessions pointed to one or
more categories, for example to safety and to convenience.
Several needs pointed to the increase of convenience of daily household tasks (IADL)
such as making use of light switches, locks, and the height of kitchen cabinets. This
is made clear by the completed questionnaires (analysis instrument-MG). Therefore,
facilities which receive a positive reaction are: the central “on/off switch,” electronic
locking system, automated shutters, and climate control.
Needs concerning physical and/or social safety are also mentioned. Some respondents
felt unsafe with regard to fires breaking out or burglaries in their home (P5-P7-P810)
etc. Due to this feeling of insecurity, fire and burglar alarm systems, intercoms, automated shutters, presence simulation, and the panic alarm are valued highly by these
participants.
Concerning physical health, needs such as “possible homecare if required” (P7) were
mentioned. The need for a personal alarm in that situation also led to an appreciation
of the panic alarm. The need for order, neatness, and cleanliness within the home led
to the requirement for sufficient storage space.
Statements such as “to make daily life easier” (P5-P6), “to feel safer” (P1-P3) “to
maintain my social life” (P2-P8) “in light of the fact that healthcare may be required
in the future” (P1-P8-P9) are intentions for the respondents to purchase domotics pro
ducts.
The main concerns mentioned are: “I do not require care at the moment, I can do
everything by myself” (P1-P9), “there is a lack of information and I have no insight
into the costs, use, and maintenance of such systems” (P6). Aspects that caused resistance to domotic homes were: “I do not like all that technology in my home” (P5- P9),
“such remote contact is not real contact” (P1), “Your own initiative is taken from you,
you become more passive and lonely” (P9) “Domotics does not belong in a home, but
in the business and healthcare sector” (P7).

3.1.2 Method

FOCUS GROUP DISCUSSIONS

3. Seniors’ Needs

2. Dweller, Domus, Domotics

The analysis of the group discussions, the focus group, the in-depth interviews and the
enabling techniques are discussed respectively in the following paragraphs.

4. Professionals’ Perspectives

3.1.3

6. Conclusions

Analysis

The members of the focus group indicated that they were generally content with the
current living situation. There were no special adjustments or domotics devices present
in any of these properties and none of the members received homecare. Only in some
cases the respondent is receiving private domestic help. Everyone has internet and
email and uses it on a regular basis.

IN-DEPTH INTERVIEWS
This sub-section discusses how an analysis is done on how needs are linked to the
performance of an automated home by using the matrix MU and the needs indicated
by seniors.
In this phase the following research question will be answered:
RQ3: In which way can domotic homes contribute to fulfilling the needs and affinities
of the senior?
This question is divided into two sub-questions:
SQ6: In which way do the existing domotics applications meet the needs of seniors?
SQ7: In which way can a new product facilitate domotics to meet the needs of seniors?

Figure 3.1.3: The process of conversion the needs of seniors (demand) to domotics (supply) by using an analysis
of the activities, goals, and problems of seniors in the house

In order to determine the functional demand, the needs of seniors must be translated into the supply of domotics; i.e. the relation must be identified between indicated
needs and performances (Figure 3.1.3). To this end, the determination of aggregation
levels of needs (i.e. the degree of abstractness (at a high level of aggregation) and the
detailing (at a low level of aggregation) is important.
The suitable level of aggregation depends on the goal of the research and the target
group involved which has consequences for the establishment of performances (Heijs,
2005). This investigation is about seniors who live independently and sometimes experience limitation in their daily activities (demand side) and the level of performance
and solutions (supply side) is about the development and evaluation of domotics products and services that meet the demands of independent living.
The experts in the field should not forget that a need is not always paired with a problem and that there exists no technological answer to every need. In the case of seniors,
it seems that ADL problems that manifest themselves in the dwelling and the problems
expected in the future are specifically relevant when determining the correct level of
aggregation.
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6. Conclusions

5. Integration

In this example, the way that the named needs of seniors are related to the need for
safety will be systematically elaborated, which answers sub-question six related to this
need.
The abstract “need for safety and security” is classified as a) physical, b) social, and
c) psychological safety. On the next page, these three classifications are further elaborated to a lower level of aggregation and subsequently linked to existing domotics
solutions.

3.1.3 Analysis

LINKING THE FOCUS GROUP’S NEEDS WITH
EXISTING DOMOTICS APPLICATIONS

3. Seniors’ Needs

In the following paragraph, the manner in which needs and problems of seniors and
domotics applications are linked is demonstrated by means of two examples.
The first example concerns the category safety and security, the link between the performance of existing domotics applications and needs will be discussed comprehensively. Further, the omissions will be discussed, needs for which new performances
must be translated into a new (to be developed) product (sub-question 2b).

4. Professionals’ Perspectives

Residential needs are derived from the MU matrix. To order the needs mentioned by
the focus group, these are categorized in a higher level of aggregation. These categories are derived from the literature (e.g. WHO, 2001; Rokeach, 1979; Maslow, 1954).
Wellness, safety and security, autonomy, health and self-esteem, connectedness and socialization, and work and learning are distinguished. Although, according to the USE
method, no conclusions can be derived from this, it is interesting to point out that the
following needs were mentioned most often by the members of the focus group: ease
(n=162) which falls under the category: need for wellness, health (n=81) and hygiene
(n=79) which are included in the category: health and self-esteem. Needs that are part
of the category: connectedness and socialization were mentioned 55 times.
The results of this analysis are given in the following sub-section.

THE ELABORATION OF THE CATEGORY NEED FOR SAFETY AND SECURITY
a) Physical safety is essential for maintaining the safety of the social environment and
sustaining psychological safety. This need is elaborated into three categories, need
for accessibility, need for prevention, needs with regard to doing daily activities and
household activities in the dwelling.
•

Accessibility includes the need for safely accessible rooms in the dwelling and the
need for an escape route during calamities. A few problems and descriptions of these
needs mentioned by the focus group are: you lock yourself in by using deadbolts
(p5); accessibility for help (P3, P4, P6); keyhole of garden gate hard to find at night
(P9) Opening the door with groceries in my hand is difficult (P6).
Other problems named in this area are: there are not enough facilities present in
the home to live on the ground floor for one day if necessary (almost all members),
problems with steep stairs (p3; P4), the elevator is small, people with a wheelchair
have difficulty getting in and out with groceries, badly accessible for an ambulance
stretcher (P6).
A few solutions from the supply side are stair elevators, small domestic lifts and
automatic door locks.

• Regarding the need for fire, smoke, and falling prevention is often mentioned. Activities named are the activation and controlling of smoke detectors, fire extinguishers,
timed light switches, and controlling of gas.
Diverse alarm systems are available as solutions to these problems.
•

Some problems mentioned with regard to doing daily activities and household tasks
which are related to the need for safety in the dwelling are: the opening and closing
of shutters (P3, P4, P7); poorly lit rooms (P3, P4); accessibility of kitchen cabinets
(P7, P8, P2, P1, P5).
Some existing domotics solutions to these problems are automatic roll shutters, automatic lighting, and sliding cabinets.

b) Social safety concerning domotic homes on the basis of the needs mentioned by the
focus group is classified as follows:
•

Need for: “recognition of the identity of a visitor” (P1, P3, P4, P6).
One of the existing solutions is an intercom, the problem with intercoms is that faces
are often not recognizable in the dark and the volume is not loud enough (P5, P6).

• Needs with regard to burglar safety (all members):
Concerning fixtures and fittings: “It is sometimes a hassle in the apartment because
there are many doors, and other residents do not pay attention to them.” (P6) “Manual roll shutters are difficult to operate due to stiff hands” (P4); “the placement of
locks and bolts, bolts are too high and too low, problem with stooping down, and you
lock yourself in”(P5); no chain” (1), “Closing shutters”(P3, P4, P5); “Forgetting to
lock the door;”(P5) “Is it possible to get an alert when everything is locked?”(P5,
P6)
Issues in response to safety measures inside and outside the home: “Safety of the
outside areas such as the garden, garage, and shed” (P7, P5, P3, P4), “The back of
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•

Control: need to be in charge of working of the applications in the house and the
user friendliness of the electronic devices. Some specific problems mentioned by
the focus group were: “complicated TV- remote control” (P3) and “complicated
intercom” (P5), “shades must be up when we leave but then the sun shines into the
house” (P2), “The control of the central heating, what is more efficient, heating one
room or more rooms? How do you know what the profitability of the solar panel is?”
(P8, P5)
Existing domotics solutions are: An automatic shade that reacts to the weather and
shutters that are controlled by the astronomical time.
It is possible to gain insight into the consumption of diverse applications with the
registration of user consumption data via a domotics system; this can register for example: the registration of energy consumption by means of smart meters, oversight
of the temperature in different rooms, registration of telephone usage, etc.

1. Research Design

3.1.1 Introduction

2. Dweller, Domus, Domotics
3.1.2 Method

5. Integration

Certainty: need for possibility to be able to warn others in case of a calamity (P9, P1)
and to be warned when devices fail to function (P8, P5).
Problems named with regard to warning are: “you are not sure if the batteries in
devices such as smoke detectors have not run out yet.” (P6, P9)
Some domotics solutions to this problem are: a panic button and a technical alarm
with which technical failures and their sources are detected and signalled, it also
signals the status of the alarm systems.

In the same way as the examples named above, existing domotics applications have
been linked to the other need categories including: wellness, autonomy, health and
self-esteem, connectedness and socialization, and work and learning.
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•
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• Need for a reliable living environment.
Named problems in this context are: “the feeling of social security was weakened
after the first break in” (P8, P7, P5). a person experiences this as a permanent problem. An existing domotics solution for this need is a system that can control a home
remotely via a telephone, mobile phone, or the Internet.

3. Seniors’ Needs

The essential experiences reflecting psychological safety of respondents regarding
their living environment can be classified in:

6. Conclusions

c)

4. Professionals’ Perspectives

the home is vulnerable, anti-burglary solutions are required” (P8), “Problems with
vandalism.” (P3, P4)
Many domotics solutions have been developed in this field, such as: burglar alarms,
electronic locking systems, automatic shutters, sensors to detect whether all doors
are locked, light sensors for outside spaces, and window and door frames with burglary sensors.
A vacation button is also currently available. A vacation button is used when the
inhabitant leaves the home for an extended period of time. This system ensures that
any unnecessary lighting is switched off, the heating is switched off, and all burglar
alarm systems are on. Kitchen appliances and other devices are also switched off,
shutters and lighting are automatically switched on or off at a preset time to simulate
that someone is in the home (when the shutters are down, the lighting in the rooms
is switched off).

CONFLICTS BETWEEN DIFFERENT NEEDS
One problem with existing domotics applications is that they can cause a conflict between different needs of the user. One named problem was: “funny smells”, or “humid
air” in different rooms of the house, and especially in the kitchen. You quickly think
of an automatic ventilation system as a solution. However, the noise produced by such
devices is in conflict with the inhabitant’s need for rest and relaxation. The solution
does not address the need for health and the need for comfort and relaxation. Another
example of a device that brings different needs into conflict is the automated plant watering function. With this application, the inhabitant can leave the home for an extended period of time and not have to worry about watering the plants in and around the
house. The automatically controlled system waters plants at preset times and thereby
fulfils the need for order and neatness in and around the dwelling. But, on the other
hand, this application is in conflict with the need for social contact with neighbours.
This leaves no more reasons to find social contact with the neighbours. (This is a conflict between the need for ease and control and the need for social contact). The focus
group’s reaction to this product was therefore also “that’s what your neighbours are
for” (P1) and “I hope to be able to count on good neighbours.” (P9)
The third example of a conflicting solution is the electronic locking system which is
linked to an intercom. This application appeals to the need for accessibility and ease.
But one of the members of the focus group who resides in one of the pilot homes modified during this project (discussed in chapter five), has an electronic door lock and
intercom installed in his home, states the following:
“My experience and feelings regarding the electronic door lock are ambivalent: the
system works quite slowly and is loud. The battery usage is quite high; I have already
had to replace the batteries several times. Especially the feeling of safety has clearly
decreased in comparison with using a regular door key: is the door locked now or did
it actually open?, this depends on how long you press the button; if you are in a rush
or messy, this could go wrong. There is no indicator for this. When leaving the home
you have to be sure that you don’t accidentally press the button, because in that case
the door does not lock behind you, this happened to me a few times in the beginning.
Another downside is that you cannot use bolts, which means that you cannot let in help
when you fall ill with the intercom.
The main advantage of the product is that you can easily open the door when carrying
your groceries. But when I count up all the pros and cons, I would not recommend the
system.” (P5)
The need for safety (bolts) conflicts with the need for accessibility here, the need
for comfort (remote control) conflicts with the need for reliability (is the door really
locked?). The feeling of ease is reduced by the lag and loudness of the system and the
trouble of having to replace batteries.
The same type of conflict is present with the system that controls the house online or
automatically sends a text message when the house is being broken into or on fire.
Some reactions to this were: “This way you will never find rest anywhere”(P9). “I
don’t see the practical use of this.”(P8) The need for psychological safety and certainty is in conflict with the need for rest.
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1. Research Design

3.1.1 Introduction

2. Dweller, Domus, Domotics
3. Seniors’ Needs

3.1.2 Method
3.1.3 Analysis

By utilizing the analysis of activities, goals, and problems – using examples – insight
has been given in the relevance of existing domotics solutions and the requirements
are analyzed that the products need to meet.
However, from the analysis of the seniors’ needs as named above, it seems that their
needs are not that different from other target groups, only the differentiations in the
problems and the needs are bigger. The results of the analyses of all the needs mentioned by the focus group are discussed in the next sub-section (Results).

5. Integration

An important point to note when indicating the product of domotics is the determination of the level of aggregation.
Products have a level of aggregation, the lower the level of aggregation, the more
specific the description and requirements of the product. For instance with “safe locks
and bolts,” a higher level of aggregation is attained than an “electronic door lock” or
“window frames with security sensors.” The same holds for the control of rolling shutters that can be realized in different ways, for example automatically or with a remote
control. How the performances are formulated according to the level of aggregation
and the freedom for development of solutions is important; both have to meet the
needs of the user properly while the designers and developers have plenty of freedom
to be able to offer a solution.
A product can be considered suitable when it has a relation to one or more needs. The
MU matrix is used as a frame of reference to avoid the event that the chosen solution
does not cause other needs to be constrained.

3.1.4 Conclusions

It is possible to identify needs for which no domotics application has been developed
yet (omissions), which answers sub-question seven.
During the development stage, these omissions can be translated into applications of
innovative products and services. Experts in the field must not forget that a need can
always be paired with a problem. For needs with which the seniors indicated problems
from the perspective of efficiency and ease, the possibility of combining more needs
into one product is considered.

4. Professionals’ Perspectives

LINKING THE FOCUS GROUP’S NEEDS WITH NEW DOMOTICS PRODUCTS

6. Conclusions

Automatic lighting also creates a conflict between the need for comfort and the need
for control and rest. This is discussed elaborately in chapter 5.
These examples clarify that when a device, as an answer to a need, is in conflict with
other needs, the total return and effect of this device could be decimated. Sub question 2a, which regards the relation of existing domotics applications with the needs of
seniors is hereby answered.

Here are two examples regarding omissions:
(i)
One space in a dwelling where strikingly many activities take place, although they do
not concern domotics, is the hallway.
a) Indicated activities are: opening the door, receiving guests, hanging coats, making arrangements with neighbours, passing through, collecting mail, exchanging
newspapers, wiping shoes, temporarily dropping business, using devices, recording meter readings, temporarily storing things, storing things for an extended
period of time, using the mirror, space for a pet, setting down newspapers, talking
via an intercom, taking off or putting on shoes, ironing, little kids playing, making phone calls, taking safety measures, cleaning, doing laundry.
These activities are related to diverse goals such as the need for safety, social
contact, privacy, order and neatness, conviviality, hygiene, keeping up to date,
grooming, emergencies, practical activities, space, and the need for convenience.
b)

A regular problem with this space is that it is quite small. Seniors with limited
mobility often park their electric wheelchair or walker in the hallway.
With the introduction of ICT and automation, the meter cabinets have become
too small and unpractical for newly installed systems and the control of those
systems.
The variety and large number of activities of shorter or longer duration that are
conducted in this area, are issues for architects and product developers to address.

c)

Performances:
Taking into account the diversity of the activities, a space is required which is
more appealing for welcoming guests considering size, temperature, lighting, and
other technical attributes.
Some solutions are:
As an alternative for the traditional meter cabinets, designs could be made of
hallways with a “home cockpit” whose dimensions are larger.
During the design process, the architect can take into account the dimensions
required when performing the activities mentioned above, and include a space to
park an electric wheelchair or walker with available plug in capabilities.
The implementation of an intelligent meter cabinet can make the recording of the
meter readings easier, but can be in conflict with the need for privacy and control.

(ii) Another example of bridging the needs of the focus group with the new domotics
solutions is the DCA-Wall which will be discussed comprehensively in chapter 5. The
omissions will be solved by the product DCA-Wall in the form of an empirical case study.

This answers sub-research questions six.
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Figure 3.1.4: “Raw data” generated by one of the members of the focus group during the interactive workshop

1. Research Design

3.1.1 Introduction

2. Dweller, Domus, Domotics
3.1.3 Analysis

This member of the focus group gave a number of descriptions and values in the check
list regarding his “desired apartment”. Important residential characteristics for the respondent are, as he mentioned in the checklist: a safe location, the size of the room,
good sight and a lot of natural light. The kitchen is rather unimportant, but the pantry
and storage room are important.

3.1.2 Method

AN EXAMPLE OF A ”DESIRED APARTMENT”

3. Seniors’ Needs

During the two workshops, the members of the focus group retrofitted their existing
house and designed a “desired (domotics) house”. An interpretative method is used for
the analyses of the enabling techniques (source). The research material, consisting of
checklists, questionnaires, drawings, notes and workshop reports (the analyses instrument ME) were separately analysed by 4 researchers; these analyses were compared
with each other followed by conclusions.
Two of these analyses are given as examples below: one of an apartment and one of a
detached house.

4. Professionals’ Perspectives

ENABLING TECHNIQUES

3.1.4 Conclusions
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6. Conclusions

A typical post-war apartment is drawn with furnished balconies on two sides with sliding doors as an extension of the living room; all living spaces have visibility over the
rooftop terrace, an important point of orientation for the seniors is the entry of daylight.
There is a deliberate preference for optimal use of daylight in the apartment, energysaving appliance and spatial climate control. He has a clear preference for a compact
living space with little specific “traffic area”, where sliding doors save space and the
suitability for the future.
The dwelling does not need to be large, if it is comfortable and functional and the
space is used efficiently (e.g. no radiators).
Technological applications are allowed to be integrated as long as they increase the
quality of living.

5. Integration

ANALYSIS

The size of the storage space and the preference for a pantry, both, could be an indication for the need to neatness and organisation.
Through the drawing, the respondent’s need could be interpreted as parsimony, comfort, suitability, and high quality of the living environment.

EXAMPLE OF A “DESIRED DETACHED HOME”
Important aspects of a desired home mentioned by this participant are the living room,
garden, orientation with reference to the sun, and accessibility of terrace and garden.

Figure 3.1.5: “Raw data” generated by one of the members of the focus group during the interactive workshop

ANALYSIS
The home is a kind of “periscope” that is rotatable and changeable in height, some sort
of futuristic tree house. This could be a symbol for the need for space and freedom.
The combination of an in height changeable dwelling with shutters could be an indication for the need for safety. The floor plan is characterized by a clear separation
of functions. The large living room and (open) kitchen have a clear relationship. The
elevator and bedroom on the ground floor indicate the need for accessibility and suitability for the future. Many domotics applications were named; most of them indicate
a need for ease. This need is confirmed by the presence of two sinks in the bathroom.
The fact that the toilets are drawn outside the bathroom may be the result of the need
for a hygienic space. A lot of daylight and transparency by the use of three sliding
doors and a large garden point out the need for a relation between the inside and the
natural outside environment. The following needs emerge from the design of this respondent: the need for user friendliness, space and freedom, safety and a large functional living space.

SUMMARY OF ANALYSIS OF FOCUS GROUP’S DESIGN DRAWINGS
In this workshop, the functionality is primarily relevant to the investigation; the design
aspect (architecture) is seen as subordinate. Architectural, structural or design-technical deficiencies are ignored in this analysis. It is important to determine whether the
respondent illustrated their needs directly or indirectly through their design, not how it

98

In the questionnaire about the ideal situation, participants indicated that they appreciate ease and contact with the outside world. The drawings also emphasize these needs
in the form of climate control, the choice of easily maintainable materials, spacious
bathrooms, sliding doors, skylights, a strong relation between inside and outside, many
windows and a great amount of transparency.
It also seems that seniors require social security. This was illustrated in the drawings
by rolling shutters, automated gates, intercoms, or alarms. The need for a safe dwelling often clashes with the need for contact with the outside world, expressed in wishes
such as many doors, sliding doors to a terrace or garden, etc. The need for privacy expresses itself through the choice of separated zones, an own room in the dwelling and
with attributes such as a separate toilet.
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1. Research Design

3.1.1 Introduction

2. Dweller, Domus, Domotics
3. Seniors’ Needs

3.1.2 Method
3.1.3 Analysis

5. Integration

NEEDS AND ATTITUDES OF SENIOR CITIZENS

3.1.4 Conclusions

During the analyses and interpretation of the design drawings, it becomes clear that an
interview is required to include the respondents “personal characteristics.” To clarify
why, two examples are given: the respondent has included automatic taps in their
design. The analyst interpreted this as a need for comfort, when in fact, during the
interview, it was discovered that this respondent had a rheumatic disorder, which, with
respect to other characteristics, is probably the reason why she chose to include automated taps in her design.
Another respondent has drawn a large kitchen in the middle of the room. The analyst
justified this as: “the respondent feels that cooking is more important than living.” In
the personal characteristics interview it was clarified that the respondent had made it
clear that he felt very dissatisfied about the size, location, and practicality of the interior of his current kitchen. Thus, it was clear that cooking was not his favourite activity. In his design, the respondent made it clear that he wanted to get rid of his kitchen
problem. Whether or not his solution was the best, would have to be researched further, because from their point of view, people often choose the obvious “solutions.”
Experts tend to view the underlying problems and then compare all possibilities to find
the best solution.
The analysis of the drawings and the interpretations are verified by comparing the
descriptions given by the members of the focus group, and with their previously identified needs. In addition, these analyses and results are discussed and checked with the
respondents.

4. Professionals’ Perspectives

INTERPRETATIONS

6. Conclusions

is shaped. Almost all members designed their “dream home” as the same typology as
their current home, which corresponds with the positive valuation of their own home
which is indicated on the questionnaire about their own homes. The respondents did
illustrate that they took accessibility and suitability into account in their design. This
can be seen in the living room which borders the bedroom, everything being on a single level or having a lift. Technical aspects such as the turning radius of a wheelchair
are not included in the drawings.

The need for order and neatness also applies to many respondents: storage space was
desired everywhere, expressed in the form of closets, a pantry, etc. the storage room
was often drawn bigger than the living room.
The need for space is shown through the volume of the home. The size of the living
room and extra rooms that can be used for hobbies, guests etc.
There is a need for a clear division in function between the different rooms; each activity has its own space. Most of the floor plans were, thus, very cubicle/poky.
The orientation of the home with regard to the sun was generally well thought through
with consideration to daylight and radiation. From the given orientations it seems that
this is personal preference: some wish to have their garden facing the north, and some
prefer having their garden facing the south.
Technological applications are seen by respondents as a functional part of the whole.
How and to what extent the participants wish to use the domotics applications in the
desired living situation varies individually. Some only drew a few domotics related
facilities in their plans, while other participants want to apply such facilities on a much
larger scale, also to create a certain form of luxury within the home.
In conclusion, the seniors in the focus group have shown a positive-critical attitude
towards implementing modern technology and devices in the living environment, but
do not feel the need to adopt domotics in their home at the moment.

RESULTS
By combining existing formats from literature (e.g. WHO, 2001; Rokeach, 1979;
Friedewald et al., 2005) and the accepted initial categories from group sessions, projective techniques and in-depth interviews, re-categorization has further taken place
by division or integration of categories (Creswell, 1998; Saunders, 2006). The naming
of the categories is derived from terminology used by the respondents or terms found
during the literature study.
The relation between the needs and the attitude of the senior and the demands the senior ties to the intelligent home takes centre stage in this research.
The results are described below in two different parts:
D. residential needs and attitude towards domotics; and
E. functional requirements from the demand-side.
Categories that point to the demand-side are: safety, comfort, wellbeing, empowerment, future expectations, perspectives, autonomy and connectedness. Categories that
point to the supply-side are: quality of living, living situation, technical aspects of the
dwelling, economical and social aspects.
Attributes from categories from these two groups can influence categories (needs)
from the first group, for example: an isolated living situation (supply-side) can negatively influence the feeling for safety (demand-side).
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Safety and the feeling of protection come forth very strongly.
Many appliances should become standard for safety reasons; examples are: electronic
front door locks with a high safety norm, the removal of bumps, and the automatic
switching on of lights when entering rooms such as the bathroom.
Certitude also comes forth as a need: one appliance is the central “on/off switch.”

5. Integration

3.1.3 Analysis

AUTONOMY
All members of the group want to remain in their current home as long as possible.
Most of them expect that they will be with their partner later on in life. They also
realize that, if one of the partners would fall away, the situation regarding living independently may change. By the need for independence, freedom, autonomy, and selfdeterminacy, the group feels positively about the application of domotics within the
home, but only from the moment that it is needed.
As a danger of domotics, the taking away of initiatives and the removal of social
contact was named: “You must try to do as much as you can by yourself, and do not
become unnecessarily dependent on the appliance.” (P5)
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3.1.4 Conclusions

HEALTH AND SELF-ESTEEM
The healthcare side is considered to be very important, but also as something to be
considered later on. Predictions of possible needs in the future through changes in the
health situation was not possible on an individual basis; this could only be discussed
in general terms: “take into account that senior citizens will have more demands later
on in life.” (P7)

1. Research Design

3.1.1 Introduction
3.1.2 Method

SAFETY AND SECURITY

3. Seniors’ Needs

Convenience is a frequently mentioned need in this investigation. Comfort is distinguishable from “luxury applications” that are more fun than they are useful. The value
given to comfort is very personal. Some feel comfort is very important while others do
not share the same opinion. Luxury products include items such as: automated plant
watering systems for living room plants. One reaction was “that is what neighbours are
for” (P1). Awnings that automatically go up with high winds can also be seen as comfort. Automated lighting seems to be a requirement for some and a luxury for others.
A more often named aspect of automation was the support of daily life: “domotics
must make independent living possible for a longer period of time.” (P5) “I see it as
support in the future, when I am older.” (P1)
Interpretations differ: some applications that are seen by experts as healthcare solutions, such as an electronic door locking system, are valued as “handy” and “easy” by
members of the focus group.

2. Dweller, Domus, Domotics

WELLNESS

4. Professionals’ Perspectives

CLASSIFICATION OF THE RESIDENTIAL NEEDS AND ATTITUDE
TOWARDS DOMOTICS

6. Conclusions

A)

CONNECTEDNESS AND SOCIALIZATION
Dovey (1985) illustrated home as “a series of connections between a person and the
world in a way that it connects us with the past, the future, the psychical environment
and our social world.” From the focus group’s drawings it appeared that much value
is given to the relation with the outside world, people want a lot of windows, sliding
doors, a terrace, or patio.
Hence, Bell (1994) underlines the idea of “connectedness” and its relationship to trust
in the change process. This is related to the three functions of the social dimension of
the domotic home. In this investigation, connectedness points to social contact and
contact and communication by using devices inside and outside the home; i.e. personto-person, person-to-community, and tele-presence communications.
Maintaining social contacts is one of the reasons given for the use of the internet. All
members of the group have internet and email and make use of them.
“A person cannot live without social contact, possibly a screen as last resort, if all
other methods are no longer possible.” (P9)
In general, the benefits and importance of domotics for social contact and communication are described as follows: “a great advantage is that elders can maintain their
own social contacts within an automated home.” (P2) or “Domotics can sustain you
to keep your world big.” (P8)
Especially from a future perspective, communication possibilities with a healthcare
centre, preferably through some kind of video contact, is valued positively and even
seen as a facility that should be standard in a retirement home.
With respect to telecommunication services such as “good morning, good evening”
and “forgotten groceries,” the group takes a more ambivalent position through qualifications like “possibly in the future” (P1) and “you hope you will not require it.”(P5)

WORK AND LEARNING
According to VROM (2006), Dutch increasingly people spend more and more time
indoors. The meaning of the dwelling as a working and recreational location has increased a lot over the past few years. The dwelling keeps taking on new functions,
such as: a place to work and a place for e-learning. Household tasks, volunteer work
and professional work that is done within the home all fall under the category work.
Research indicates a strong increase in the amount of seniors using the internet actively11.
This is confirmed in the focus group: ICT is, among other things, used to stay up to
date, psychological enjoyment, social contact, ease, doing business (tele-banking or
shopping), doing hobbies, for professional work, or volunteer work.

11. In 2004, 82% of the Dutch population had a PC in their home, and 73% of them had an Internet connection. In
the same year, 64% of the households had a PC with Internet Connection. (CBS Statline: 2005) In 2004 and 2005, the
Netherlands has climbed up to become the second broadband country in the world, being the runner up to South Korea.
According to the CBS (2006), the Netherlands is the European frontrunner regarding the use of e-commerce.
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5. Integration

3.1.3 Analysis

TECHNOLOGICAL REQUIREMENTS
As far as smart environmental control is concerned, automatic registration of data such
as energy usage, phone usage, status of the alarm system, and the signalling of technical problems, the valuations and opinions on usefulness and necessity are diverse.
The function “controlling the home remotely” was not valued by the respondents.
Reactions to this were “then you will never come to rest anywhere.” (P9), and “I see
no practical use for this.” (P8)
Also the function “play audio and video in all rooms” was rated very differently, varying from “this is madness” to “very useful, then I only need one DVD-player.”
As technical problems, power failures and sensitivity to failure of the device are considered risk factors. “Power failures are difficult to avoid and due to that difficulty a
factor of uncertainty is present in the system.” (P6)
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3.1.4 Conclusions

INFORMATIONAL REQUIREMENTS
Unfamiliarity and inadequate accessibility of domotics is signalled: “there is a large
group of senior citizens that is not familiar with the existence of domotics. It is important that domotics products become more accessible by providing better information”
(P1). “A good overview of products that are available on the market and for what price
is not present. This has to change.” (P6)

1. Research Design

3.1.1 Introduction

2. Dweller, Domus, Domotics

The need for space was expressed several times in the focus group. The assumption of
the professionals has been that the need for space decreases with age (empty nesting).
However, the majority of the focus group’s lifestyles requires at least as much space
as earlier in their lives. It seems that seniors appreciate space such as an extra guest
room, workspace, or study. When a space becomes vacant, e.g. by the moving out of
children, a new function is soon assigned to the room. People do not want to give up
their free space and it does not seem to be a reason to move out. “Under-occupation” is
a concept that may count for professionals; however, this generally does not with the
inhabitants (Appleton 2002). Litwak and Longino (1987) also do not call the departure
of children as grounds for moving to a new house. They distinguish three motives for
moving to a new dwelling at a later phase in life: amenity migration (moving to a more
pleasurable location, mainly retirement migration), kinship migration (moving closer
to the family), and assistance migration (migration to a healthcare centre).
Furthermore, the analysis implies that people move because they want to or have to;
most (63%) prefer a dwelling that is suitable for elderly people, such as retirement
homes, retirement apartments or assisted housing.

3.1.2 Method

ENVIRONMENTAL REQUIREMENTS

3. Seniors’ Needs

Within the focus group, desires are formulated with regard to environmental, technological, informational, and economic requirements with respect to the built environment. It refers to residential, societal, functional, and marketing aspects that influence
the adoption of domotics.

4. Professionals’ Perspectives

FUNCTIONAL REQUIREMENTS FROM THE DEMAND-SIDE

6. Conclusions

B)

Hence, it is stated that the technology has to be suitable for the users and has to fulfill
their needs. Emphasis is put on the need for user friendliness, especially when the
target group is elderly people. “It is often a fact that everyone should know how a
computer or mobile phone works, but that this is not always true for elderly people;
they sometimes have difficulty with such products.” (P3)

ECONOMIC REQUIREMENTS
For economic reasons, seniors prefer a “basic domotics system” that can be expanded
later on. “Economically speaking, this is interesting because the system fits into the
needs of seniors very accurately, and facilities are only implemented when needed.
In this way, seniors can also decide how much control they want over the system and
home themselves.” (P8) “On the other hand, the downside is that you are investing in
your current home for the future. You need to be sure that you will remain living in the
same home.” (P4)
With regard to spendable income: “what you can permit with domotics depends on
your income; concerning healthcare, you can choose easier with a personal budget.”
(P2)
Energy efficient solutions such as a separate thermostat in each room or energy efficient devices are valued very highly, as long as the daily routine is not disrupted by
them, such as: appliances that fully automatically switch on and off at a preset time are
not appreciated.
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3.1.1 Introduction

1. Research Design
3. Seniors’ Needs

3.1.2 Method
3.1.3 Analysis

5. Integration

With regard to the question of which domotics application can contribute to live independently for longer, it can be concluded that, based on the research into residential needs, applications improving safety and comfort are predominate; these include
electronic door locks, intercom, burglar alarms, a central on/off switch, temperature
control, and control over roller shutters and awnings. According to the focus group a
few appliances should become standard when a house is built or retrofitted, electronic
door locks, intercom, the removal of bumps, and the automatically switching on or off
of lights when entering and leaving the bathroom were named.
On the basis of the in-depth interviews, it can be concluded that the need for safety and
comfort-enhancing applications, is related to the type of dwelling and living environment.
Whether or not there is a relationship between the preferences and attitude towards domotics in the home and personal characteristics (age, gender, health, household, etc.)
and environmental factors (type of dwelling, technologies at home, plans to move,
etc.) is examined. Apparently the position of members of the group towards technological appliances is not really decided upon by age. This conclusion is underlined
by an investigation carried out by the Tampere University of Technology in Finland,
researching the opinion of young families about smart homes (Leppänen, 2003).

3.1.4 Conclusions

Independent living scores very high in the research group. Every respondent wants to
live independently for as long as possible in their current home and will make adaptations to the home when daily activities such as walking stairs become difficult.
“Choosing for a home aimed at the future right now gives the feeling as if you are
entering the last phase of life.”(P5)
Only if their partner should pass away, a few women indicated that they would seriously consider moving to a new home. Moreover, someone in the focus group has
already chosen to move into an apartment.
People do want to take the required changes to a dwelling for the future into account,
nevertheless people find it difficult to picture what they may require in the future; the
adaptability of an intelligent home is, therefore, not only a great benefit, but even seen
as a requirement. In fact, at the moment seniors have not or hardly implemented domotics applications into their home due to their future prospects.
Large differences in the desired living situation are present between the members of
the focus group. However, the group did explicitly name categories such as “wellbeing”, “autonomy”, “connectedness and socialization”, and “safety and security” as
their needs in the house.

2. Dweller, Domus, Domotics

In this part of the investigation, the following sub-research questions are answered:
SQ1: What are the needs and attitudes of seniors concerning domotics in their living
environment?
SQ2: Which indicators from the demand side are decisive for the integration of domotics into daily life?

4. Professionals’ Perspectives

3.1.4

6. Conclusions

Conclusions

The question arose whether there is a difference in preference for domotics applications between men and women. Women are seen as real “consumers” while it is the
men that design them (Harper, 2003).
The list of the top eight applications made by the men did not differ much from the
list made up by the female members of the focus group; both groups also had the same
amount of appreciation for the applications. Gender does not seem to make a difference.
Because there was only one single person in the group, no conclusions can be drawn
on the grounds of differences between family structures.
Changes in the attitude towards domotics within the focus group have been measured
several times by using questionnaires (MG). The general attitude towards domotics
seems to have become more positive, while the appreciation of specific appliances has
remained the same.
The members of the research group principally feel positive about domotics in the
home, but still keep their distance. They find it interesting to follow the developments
and stay up to date about the possibilities, but they still have doubts about actually
adopting domotics. “Domotics in the home” seems to bring forth contradictory reactions and emotions with the seniors: they are aware of the opportunities and possibilities of these advanced technologies and know that domotics will make their life safer,
surer, and more comfortable, but they also have a lot of questions, objections, and
fears. There is a fear of loss of “real” social contacts, unknown and uncontrollable
events, becoming dependent on the technology, invasion of daily life, the fear of becoming passive and losing control of life. Seniors are not technology freaks; they are
interested in the possibilities and usefulness of the technology, not the innovativeness
of it.
Arguments against the implementation of domotics point towards the need for “psychological superiority”: the senior wants to be in control of his or her own life, and not
be driven by technology.
As a result they have mixed feelings about a domotic home: first and foremost such a
domestic setting should provide convenience, comfort, supporting them in their activities, and provide them a sense of certainty. They expect that technology helps them
to overcome the shortcomings of the current housing stock; simultaneously they are
worried about its side effects. Functionality of the facility is of ultimate importance.
People base their decision of acquiring domotics technologies on a cost-benefit analysis (perceived advantages and perceived disadvantages).
Hence, it is proven that the indicators mentioned in the conceptual model (figure 3.0.3)
are decisive for the seniors’ attitude towards domotics.
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Chapter

3

Section 2
A National Survey

This study attempts to: (i) assess the attitude of Dutch senior citizens towards domotic
homes (ii) examine the validity of the established model (Figure 3.0.3) and the relationship between perceived advantages, perceived disadvantages, and needs of older
adults; (iii) examine the relationships of the seniors’ background characteristics with
their perceptions, needs, and attitudes; and (iv) develop suggestions for professional
stakeholders to take advantage of senior citizens’ attitude towards domotic homes.
The results will determine under which conditions domotics can be most appropriately
integrated into the needs and requirements of seniors.

Introduction

3.2.1

During the quantitative investigation, the focus group described the evaluation and
qualifications of the domotics setting in terms of preferences and concerns. Not only
the senior’s perception of domotics was questioned, but also how they feel about domotic homes, their “readiness for response” and their preparedness to accept domotics
and utilize it in their homes (SQ1). The question: “Which indicators from the demand
side are decisive for the integration of domotics into daily life?” (SQ2) arose as well.
Following this chain of thought, the validity of the model depicted in Figure 3.0.3.
However, the limited number of members of the focus group make it difficult to generalize the analyses of the qualitative section.
This all formed the motivation for a survey on the attitude of Dutch older citizens towards domotics.
Theoretical backgrounds and methods of research into attitudes are already discussed
in-depth in the introduction of this chapter (Section 3.0.1). In this thesis, the TAM
model (Davis, 1989) was the departure point, but the model is focused on existing
products and the consumers. However, in the case of domotics, there are potential
consumers, on the other hand needs is a determining factor, especially in the case of
older adults, which is missing in the TAM model. For this reason, this construct was
included in the model established in this thesis. According to the established model
(figure 3.0.3), attitudes are influenced by three determinants: perceived advantages,
perceived disadvantages and needs. These determinants formed the topic of discussion
in this investigation.
These determinants are quantified through a mail survey conducted among a population of 2000 households(aged 5512 and over) in order to assess their attitudes toward
domotics. This questionnaire is developed based on the analysis of data from the qualitative research (Section 3.1) and literature review in (Section 3.0).
Questions, based on research questions SQ1 and SQ2, are asked with regard to:
• Background information: personal, environmental and social characteristics.
• Informational characteristics: knowledge about and experiences with domotics.
• Perceived advantages: identifying the opportunity areas.
• Perceived disadvantages: the negative image, fears or resistance against domotics.
• Needs: these questions appeal to identifying the needs of older adults towards
technologies.
• Attitude: these questions appeal to separate applications and benefits of domotics as a whole package. Three components of attitude in the questionnaire are:
affective - the person’s feelings about domotics, cognitive - the person’s beliefs
or acquaintance with domotics, and behavioural - the senior’s inclination to act
toward domotics in a particular wa,y such as the intention to adapt or purchase the
applications.
12. Residential needs and acceptance of new technologies such as domotics are strongly connected to parameters such
as: culture; habits; national building style (e.g. the level of acceptance and application of domotics in our neighbouring
country Belgium differs quite from that of the Netherlands). Therefore, in this research is chosen to execute the needs
and attitudes research on a national level.
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After drafting a concept-questionnaire, a pre-test session was held with four professionals and ten seniors. The aim is to test the formulation, degree of accurateness,
degree of neutrality, comprehensibility, certainty, language, and time required to fill in
the questionnaire. The questionnaire also included a question whether any relevant aspects were absent. For the final version, the questions were reworded where necessary.
The goal and interest of the study was clearly stated and the confidentiality and anonymity of the survey was highlighted in a guiding introductory letter. Respondents
may request to be kept informed about the results of the investigation.
The methods, structure and elaboration of the surveys are discussed respectively in the
following sub-sections and paragraphs.

Method

3.2.2

This empirical study employs a questionnaire approach designed to collect data for
testing the reliability and validity of the model and research questions. In this survey
questions will be asked regarding the cognitive, affective and conative attitudes of seniors towards domotics. The questions are divided into two groups: positive questions
and negative questions. The questionnaire includes measures of variables perceived
advantages, perceived disadvantages, needs, attitudes, and background characteristics
of the sample.
The structure of the instrument and its theoretical background are discussed below.

QUESTIONNAIRE DESIGN
The measuring instrument (questionnaire) consists of 4 parts:
A.
The first part focuses on the personal and environmental characteristics of the
background factors. The participants are asked several personal questions (background
characteristics, health, help, etc.) and questions will be asked about the physical environment (type of dwelling, rented housing or owner-occupied housing, forms of domotics applications currently present, moving plans, preference for another type of
dwelling, neighbourhood, etc.).
The question about the age of the respondent is a control variable (does the respondent
belong to the target group?) and is posed in order to measure the correlation between
age and the acceptance of domotics.
B.
The second part of the questionnaire targets the informational characteristics
(degree of acquaintance and experience) and conative attitude of the respondents about
interesting areas of application and desired functions in the current and in the future
(environmental) situation. It involves questions issued in response to acquaintance,
considerations, experiences and expectations of seniors regarding domotics applications. With the help of sixteen applications and services from diverse areas, such as:
safety and comfort, the question of whether or not 55 years old and over find domotics superfluous was answered. Based on the latter answers, the opportunity areas and
potential growth of domotics could be determined.
Five questions were asked about each application:
1) Are you acquainted with this appliance?
2) Is this appliance already present in your current home?
3) If yes, what is your experience with the application?
4) Would you like to have this appliance in your current home?
5) And behavioural attitude towards the future: if a person was to move to a new
house, would he or she wants to have the application in their new house?
The knowledge and awareness of the product is measured with the first question. The
question concerns applications that support “activities of daily living” (ADL’s) in the
fields of safety, health, and convenience.
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Finally, it is assumed that the individual selects an alternative, assuming that he or she
chooses the alternative with the maximum utility. These choices are observed in a socalled conjunct choice experiment.
The respondent is provided by a number of choice sets, each containing a number of
choice alternatives. The alternatives are described in the attribute levels that influence
choice behaviour.
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3.2.3 Analysis

The conjunctive choice models belong to the family of “random utility” models which
have and form the basis for the following assumptions (Borgers and Ginneken, 1990).
It is assumed that each alternative choice can be defined in terms attributes.
These attributes can assume different values, the so called attribute levels. An individual grants a certain value to each attribute level, which is called sub-utility. Subsequently, one combines the sub-utilities for each attribute level to produce a total utility
for each particular attribute level. This is usually done by calculating the sum of all
sub-utilities.

5. Integration

C.
In the third part, the willingness to purchase certain domotics packages will
be investigated in order to discover what the most important deliberating variables of
senior citizens are when deciding whether or not to buy a certain domotics package or
product.
In order to measure these preferences, the “stated-choice experiment” is used. This
method is meant to measure the attitude, structure of attitudes and preference (Pligt
and Vries, 1995). It determines the effects of diverse variables on the seniors’ behaviour regarding choice and preference of packages and products (Street and Burgess,
2007; Louviere et al., 2000).

3.2.4 Conclusions

The last question regards the conative attitude and readiness of the respondent in relation to their (future) personal characteristics, social environment and physical environment. In this portion the single-item five-point semantic deferential (superfluous
though indispensable) will be used to determine the attitude of seniors towards domotics products.
Questions about certain appliances are introduced with a description of the appliance.
With the help of open questions, positive and negative evaluations such as willingness
to use, arguments against the smart living environment and the fear of technology, are
raised.
Hence, the seniors’ motivations to choose to possibly invest in an intelligent home
will be explored. Is a choice made due to safety, assistance in daily life and wellness
at home, ease of use, or health?
Promising applications, the image of domotics, the problematic areas and expectations
of domotics under senior citizens in the Netherlands aged 55 and over will be brought
forward.

6. Conclusions

Question two: “Is this appliance present in your current home?” refers to earlier experience and satisfaction with the product. Question three indicates the nature of the
problems that they have encountered in practice.
Question four concerns conative attitude towards willingness to own the product.

These alternatives are constructed based on statistical experimental designs (Louviere
et al., 2000). The respondent is asked to choose an alternative within each choice set,
or to divide/distribute a fixed amount (e.g. an amount of money, the number of days of
the week) for each alternative.
The method implies that the respondent uses the composition rule when deciding upon
one of the alternatives supplied (Pligt and Vries, 1995). This part of the investigation
aims at two things: to measure partial utilities (value of one alternative over another)
that seniors obtain from the attributes of the alternatives available (such as live video
streaming with a general practitioner) and to indicate the combinations that an attitude
decides upon over an alternative.
An important aspect during selection is to choose the most important attributes on
which the user bases his decision.
Based on the qualitative investigation, eight attributes have been chosen for the experimental design. Each attribute is measured on three different levels. The attribute levels
should be chosen in such a way that a variety of possible systems is covered.
The most important assessment aspects for these levels in this study are: the functionality of the appliance, the aesthetic aspect (design), and the economic aspect. For
example the attribute: “live video streaming” is operated on three different levels in
this design: live video streaming with family members (1), live video streaming with
a medical centre (2), or live video streaming with a general practitioner and medical
centre (3).
The price listed on the survey was 7000 Euros for a basic domotics package available through housing corporations. This corresponds with the price that Hofman et al.
(2006) mentioned as a maximum price for which technological systems in the house
remain acceptable for inhabitants.
Table 3.2.1 gives an overview of the used variables and levels in this study. For clarity,
illustrations and descriptions are recorded in the questionnaires for the respondents.
Profiles are formed by repetitively joining two single attributes. The number of profiles in the experiment increased exponentially as long as the number of attributes and
levels increase linearly. But to estimate relevant parameters in the model, responses
only needed to be collected for one subset within all the combinations. A generally
accepted strategy is to make fractional factorial designs and to place the profiles in
choice sets (Wang and Borgers, 2000). The introduction of a constant base alternative
made it possible to regard attribute values as differences over the attribute values of the
base alternative. In this manner the orthogonality (the minimum coherence between
independent variables) of the differences in utility were guaranteed. Another advantage is that the utility of the base alternative can be coded in such a way that it corresponds with the vertex13 of the estimated utility-function; this substantially simplifies
the interpretation of the results.

13. the fundamental unit of a graph (0-point, (0,0)).
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Attributes
Electronic door locks

Attribute Levels
with remote control

1. Research Design

3.2.1 Introduction

Table 3.2.1: Overview of the attributes and levels for the experimental designs

2. Dweller, Domus, Domotics

with fingerprint
fully automatic
Video Intercom

black and white monitor; built on the wall; synthetic material
black and white monitor; wireless and mobile; synthetic material
colour monitor; built in the wall; stainless steel material

Panic alarm

active alarm – a text message alert to the family or friends.
active alarm – a connection with a care-centre nurse
passive alarm- a connection with a care-centre nurse

Video contact

a live video connection with family members
a live video connection with a care-centre nurse

3.2.2 Method

computer
telivision
mobile phones

House on/off

lighting on/off switch
kitchen on-off switch.
whole house on/off switch

Price

Own house: costs: € 7000 / rented house: €20 per month

3. Seniors’ Needs

a live video connection with doctor
Video contact via

Own house: costs: € 9,500 / rented house: €25 p per month

14. βk: an estimated parameter for the characteristic k; xik= the score of the alternative i on characteristic k; Vi= the
total utility of the alternative.
15. where: L = levels; M = attributes; N = Alternatives
16. The combinations used were decided on with the help of experimental design tables (design 21 a, master plan 8).
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The number of attributes and levels depends on the possibilities to discover a suitable
experimental design that would not obtain too many profiles (Pligt and Vries, 1995).
Assuming the fractional factorial LM*N design15, the experiment distinguishes 38 = 6561
combinations of packages. By means of the fractional factorial design, 27 combinations were deemed suitable for research.16

6. Conclusions

The total usefulness is the summation of all the partial utilities of an alternative14:
Vi=Σk βk xik. The “binary response experiment” (Street and Burgess, 2007) was used
in this investigation. Several systematically varied choice sets of domestic intelligent
applications were presented to respondents. The participants were then asked to respond as “yes, I want these set of applications” or “no, I do not want these set of applications.”

3.2.3 Analysis

Combination 1: automatically turning on/off lights at random time and location;
operating blinds/curtains automatically randomly;
Combination 2: automatically turning on/off lights at random time and location; operating blinds/curtains automatically at random and burglary alarm will be activated;
Combination 3: automatically turning on/off lights at random time and location;
operating blinds/curtains automatically at random; burglary alarm and be able to
control the house via the internet/ mobile phone.

4. Professionals’ Perspectives

Own house: costs: € 12,000/ rented house: €30 per month
Vacation switch

Thus, there are 27 sets of four packages and each respondent assesses the four packages presented to him or her. This way, 4 x 8 different alternatives were presented to
each respondent.
D.
In the fourth part of the questionnaire propositions are made to measure the
constructs of the conceptual model. The relationship between the independent variable, attitude, and the three dependent variables of the research model, perceived advantages, perceived disadvantages and needs of the senior people have been examined.
Variables are measured with multi-items. Items are required five-point Likert-style
responses ranging from 1 = strongly disagree, to 5 = strongly agree.
Respondents’ perceptions were measured with two constructs: perceived advantages
(PA), perceived disadvantages (PD). PA was made operational with eleven items (PA1
through PA11), measuring the extent to which domotics was viewed as an additional
value for the independently living (Davis, 1989; Shih and Fang, 2004). The items were
focused on assistance in daily living, status, relaxation and comfort, security and social
contact. Perceived disadvantages are measured with six items (PD1 through PD6) to
gain a picture of perspective of the sample on intolerance (Saade and Bahli, 2005),
user-friendliness (Moon and Kim, 2001, Lederer et al., 2000), affordability, and distrust (Davis, 1989; Shih and Fang, 2004).
In order to gauge older adults’ needs for assistance in daily life by domotics, five items
(N1 through N5) are used.
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17. 56 analyses per appliance
18. Response rates from 2000 mailed questionnaires was 27% (n=542), and forty five of them were incomplete or filled
in by a person younger than 55 years old. The remaining 497 valid and complete questionnaires were used for the quantitative analysis. It represented a useable response rate of 25.4%.
19. The addresses were obtained through a daughter company of TNT.
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The operational population18 is made up of a random sample of 2000 seniors (aged 55
and over) who live independently in their own houses; i.e. seniors that do not live in a
retirement home or nursing home.
The sample is an entirely random selection from all the addresses in the Netherlands,
spread out over all the provinces. The address information was supplied by a Dutch
databank19.
Of the 2000 sent questionnaires, 542 questionnaires (27.1%) were returned. Of these
returned questionnaires, 45 are useless due to the following reasons: failure of delivery, poorly or not filled in, the addressed person has passed away or the respondent did
not belong to the target group. Thirteen respondents were younger than 55 years and
one respondent resides in a retirement home. The effective response is 25.4%.

3.2.3 Analysis

RESPONSE AND REPRESENTATION

3. Seniors’ Needs

The first sub-section concerns the analysis of the characteristics of the respondents.
In sub-section two, the needs and perceptions of seniors for certain domotics products
will be discussed.
There is a link with the mentioned personal characteristics. Four questions were asked
for each appliance17. Table 3.2.1 gives an overview of the level of significance per appliance, some relevant results are discussed. The third paragraph deals with the theorems with which the perception and needs are measured: the promising areas, side
effects, experience and appreciation of an intelligent home.
In order to analyse the first three parts of this survey the Likerts method (summation
of ratings) was used. A factor-analysis is applied within the sum of the ratings in order
to see if it is indeed one attitude that is being measured with a summative scale (Pligt
and Vries, 1995).
Under paragraph 4, the section of the questionnaire where people indicate their attitude
towards certain domotic application packages are examined. This data is analyzed with
the help of the stated choice-analysis. This analysis aims to estimate whether or not the
total fit of the model can be improved based on encoded attribute values and perceived
choice frequencies and examines. In order to achieve this, the likelihood-ratio (Rho2)
index is used (Street and Burgess, 2007). Subsequently, the existence of consistency
between characteristics, preference, and the choice of certain packages is explored.
This analysis is performed with the help of the program SPSS 17. Finally, the overall
conclusion about the attitudes of seniors in the Netherlands regarding domotic homes
will be made.

4. Professionals’ Perspectives

3.2.3

6. Conclusions

Analysis

After comparing the variable: age (split in cohorts of 5 years) with the national census
(CBS, 2009), it was apparent that the difference between the census and the random
sample was not significant regarding this variable.
The same procedure was used for the distribution over the provinces (table 3.2.2). In
this case, it also seems that there is no statistical significant difference between the
census and random sample.
The response represents the Dutch population for these two characteristics.
The male response in this investigation was overrepresented in comparison with the
data provided by the census of 55 years old and over (CBS, 2009). In the response
group 72% was male (compared to 47% males of the total population) and only 28%
was female (compared to 53% females of the total population). Respondents with tertiary20 education were also overrepresented in this investigation, 37% compared to 19%
of total Dutch population of 55 years old and over (CBS, 2009). The response has
lived up to the expectations considering all other aspects.
Table 3.2.2: Characteristics of the sample respondents compared with a national sample (%)
Variable
Age

Gender
Level of education

Monthly Income

Residential Location

Level

Study Sample (n=497)

National Sample CBS
(n=4593736)

55- 60

30,8

24

60-65

27,3

23

65-70

25,3

16

70- 75

16,2

13

75 and over

0,4

24

Male

72

47

Female

28

53

Low

37

19

Intermediate

30

55

High

33

26

< €1250

4

26

€ 1250- €2250

32

55

> €2250

64

19

Groningen

3,8

3,5

Friesland

3,6

4,1

Drenthe

4,5

3,3

Overijssel

5,3

6,7

Flevoland

2,8

1,8

Gelderland

10,9

12,3

Utrecht

5,5

6,6

Noord-Holland

17,4

15,5

Zuid-Holland

19,2

20,2

Zeeland

2

2,6

Noord-Brabant

16,0

15,4

Limburg
8,9
7,9
a. Level of education: 6-point scale; low=primary and secondary school, low vocational education; mid=lower general,
intermediate vocational or technical; high= high vocational, university.
b. Monthly income: 5-point scale less than <1.250; 1.250- 2.250; 2.250-3.250; 3.250-5.000; >5.000.
* Source for the Dutch census 2009 for people aged 55 and older: CBS, Den Haag/Heerlen 22-6-2009 last update:
February 25, 2009.
20. University of Applied Sciences and University
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3.2.4 Conclusions

The test resulted in good fit (χ2 (204) = 480.939; p<.00121). The Durbin-Watson statistic is used to test for the presence of serial correlation among the residuals, which
requires that the residuals or errors in prediction do not follow a pattern from case to
case; for this problem it is 1.96. It falls within the acceptable range22. The model brings
about a significant change (F change<.001).
21. CFI = .95, GFI = .92, AGFI = .90, RMSEA = .06). Figure 3.2.4 summarizes the results of the tests. As seen from the
figure, all relationships are supported.
22. An acceptable range is 1.50 - 2.50.
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3.2.3 Analysis

RELIABILITY AND VALIDITY
Prior to the analyses, data were checked for normality; no significant deviation from
normality was found (skewness and curtosis Z < 1.30). Reliability is examined using
the Cronbach’s alpha values. Cronbach’s alpha is used as an indicator for the determination of a set of items of a latent construct. As summarized in Table 3.2.3 and Table
4.2.5, the alphas of all dimensions are also above or close to 0.70.
To complete hierarchical multiple regression the following tests have been included:
testing assumptions of normality and linearity, testing for outliers, determining whether to use transformations or exclude outliers, testing for independence of errors, checking for multicollinearity, and validating the generalizability of the analysis.

3. Seniors’ Needs

Based on the following structure, the results of the analysis of the questionnaire are
shown below. In the first paragraph, the reliability and validity of the research are
addressed. Further, the descriptive analysis which represents the first part of the questionnaire, the research population is introduced.
Next, the results of the second (Attitude towards Domotics applications) and third
paragraph (Attitude towards a set of domotics applications) of the questionnaire will
be discussed.
Finally in the fourth paragraph, the validity of the research model (Figure 1.3.1) and
the relationship between the dependent variable attitude towards three independent
variables (perceived advantages, disadvantages and perceived needs of the senior) will
be explained.

4. Professionals’ Perspectives

RESULTS

6. Conclusions

In conclusion, it can be stated that the sample group is random, and has successfully given a significant indication of the attitude of Dutch senior citizens regarding
domotics.
The answers to the open questions were recorded as literally as possible. The answers
to the closed questions were coded. The answers were checked with a frequency analysis during its transfer into the database.
If the respondent gives more than one answer to a question or in the case that it was
not possible to categorize the response (in this case, to the question about the level of
education a respondent answered that he never went to school), that particular piece
of data is excluded from the analysis procedure. A few times, two different levels of
education were filled in; in that case the highest level was recorded in the database.

Multicollinearity in this model the VIF are 2 and 1.11, less than 10, so variables are
not closely linearly related and there is no multicollinearity problem (Burns and Bush,
2005).
Casewise diagnostics shows three outliers, cases 26, 65 and 89 with an absolute standardized residual greater than ±3. Indentifying influential cases are followed up with
“Case summaries”, everything was all right. In the Standardized Residuals, no more
than 5% values exceed 2 and 1% exceeding 3 and according to Burns and Bush (2005)
Mahalanobis distance for samples are less than 3.
The Sobel test is a significancy test to measure the indirect effect of the independent
variable on the dependent variable via a mediator (Preacher and Hayes, 2004). The
statistical significance of the model (Baron and Kenny, 1986) has been checked (Z =
4.13; p <, 001) using Sobel test.

A.

DESCRIPTIVE ANALYSIS

The youngest respondent was 55 years old and the oldest 77 (M= 64.1 years old;
SD=5.8). The survey was filled in by more males than females (72% vs. 28%; χ2 =
18.52; df=1; p<.001).

Figure 3.2.1 Relation between age and gender of the respondent

Of the respondents, 37% has received a form of tertiary education. There is a significant static connection between the level of education and income, people with a higher
education predominantly have a higher income (χ2=161.8; df=20; p<.001; Cramer’s
V=0.30).
A vast majority (96%) currently feels healthy or has little trouble with their health or
signs of old age. Four out of five respondents state that they do not need and do not receive any (formal or informal) domestic help. Seven respondents receive nursing care.
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It became clear that the fire detector, with 71%, is the most desired application and the
electric curtains, with 11%, is the least wanted application. Respectively, 43% of the
respondents would want internet access in every room of their home and 38% would
want a vacation switch. These figures concern the current home. It is remarkable to
see that with almost all the applications, the attitude in the case of moving to a new
home is more positive. The intercom (66%) and the panic button (60%) are considered
the most important. In figure 3.2.3, the red bar illustrates the attitude towards applications in case of moving to a new home. With a few domotics applications, for example
automatic sun blocking, it seems that moving to a new home has no influence on the
attitude. People who want automatic sun blocking devices in their (future) home are
often the ones who (still) have plans to move (χ2 = 12,01; df = 2; p<.01; Cramer’s V =
0,16) and come from the city (χ2 = 6,29; df = 1; p<.05; Cramer’s V = 0,12).
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In this section for each application is indicated whether the respondent knows the facility, already possesses it, whether he or she would like to have the appliance in the
current domestic setting, and whether they would like to have it in the future (home).
The answer categories for questions in the form of, “do you appreciate,” are compacted: code 1 = unnecessary and not required; code 3 = valued, highly valued and absolutely necessary. This information is presented per facility or category. Subsequently, a
relation is identified with the personal characteristics as described by the respondents.
From the analysis of the data concerning the knowledge of the device and experience
with it shows that the target group is acquainted with the possibilities (Figure 3.2.2);
only appliances such as the vacation switch (45%) and the automatic curtains (40%)
appear to be less known. On the other hand, besides the fire detectors (64%), it seems
that few respondents actually have the appliance in their home. One person, a single
woman in a rented home, appeared to have motorized and automated electric curtains
for windows.

3.2.3 Analysis

ATTITUDE TOWARDS DOMOTICS APPLICATIONS

5. Integration

B.

3.2.4 Conclusions

“The need for help” and “for reasons of personal health” was stated 436 times as possible reasons that one may (possibly ever) move. After those two, the reasons: “the size
of the home” and “for financial reasons” were named. “Children moving out” was a
reason that was only named 14 times. This is in direct conflict with the often thought
concept of “empty nesting” and it proves to be in accordance with the conclusions
made in the qualitative portion of this study.

6. Conclusions

As far as the variable “type of dwelling” is concerned, it seems that a large number of
respondents (40%) reside in an (retirement) apartment complex. Almost two thirds of
the sample group reside in an private-owned house. About the same number of older
citizens (49%) live in a rural area against 51 % in an urban area.
The majority of the respondents lives together with a partner or spouse (60%).
Two thirds of the respondents indicate that they are not willing to move (again), they
wish to remain in the same homes as long as possible. This corresponds with the results from Klerk’s study, (2004) which shows that the majority of older Dutch adults
are content with their current living and housing situation.

Figure 3.2.2: Percentage of seniors who are familiar with or have experience with domotics appliances

Figure 3.2.3: Attitude towards intelligent domestic applications; in the current situation vs. in the case of moving
to another house.
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.623

Automatic lighting

.626

Automatic roller shutters

.595

Automatic awnings

.803

Automatic blinds/curtains

.600

Autom. turn the music down, when the phone
or doorbell rings.

.566

Controland
management

Cronbach’s
alpha
0.68

Intercom/ video monitoring

.548

Remote lighting

.538

Burglar alarm

.764

Smoke and fire alarm

.749

Panic alarm

.556

Vacation switch

.660

0.78

Telemedicine

.746

House on/off switch

.791

Real-time online house

.620

All lights off-on switch

.705

Eigenvalues

3.110

2.984

2.868

% of Variance

19.438

18.652

17.925

0.68

3.2.4 Conclusions

Further analysis on the reliability of the scales was conducted by calculating Cronbach’s alpha for each construct. The model is reliable and its validity is proven (Eigen
values 2.49).
The reliability of all items is (α=0,88).
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Table 3.2.3: Reliability and validity of constructs of behavioural beliefs towards intelligent domestic appli-

6. Conclusions

Hence, the data about the attitude towards domotics applications are analysed in an explorative way (see above) in two living and housing circumstances: a) attitude towards
domotics application in the current housing and living situation; and b) in the future, if
people are moving to another house.
By using principle component analysis the factors which emerge in the data are indicated and the homogeneity of those factors is evaluated by calculating Cronbach’s alfa
(Table 3.2.3).
Three constructs are identified in the current living situation (circumstance a): applications concerning security and care, applications that are considered as an aid for wellness and comfort, and applications concerning management and control of the home
whether or not at a distance.
The attitude in case of moving and the occurrence of changes in the current living situation (circumstance b) has also been questioned. This data has been divided into two
constructs using factor analysis.

The Relation Between Background Factors and Attitude

The variables concerning “knowledge” used for each of fifteen domotics applications
were summarized to construct an “overall knowledge of domotics.” The same methods
were, subsequently, applied for the construct of “former experience with domotics.”
These average scores per variable are included in the calculation of the coherence between different variables. The outcomes of this analysis seem to indicate that attitude,
especially in the field of security and care, has a significant relation with “the acquaintance with domotics.” (F (6,341) = 2.65; p<0.05).

C.

SENIORS’ ATTITUDE TOWARDS A SET OF DOMOTICS APPLICATIONS

The last four questions of the survey concerned domotics packages linked to a certain
price. In total, 27 packages came forth each having different combinations.
The result of the regression analysis shows that the respondents often (p=0.84) tend to
say no to an offered package.
Of the 27 offered profiles, profile number 25 scored a value of 1.18, meaning it had the
highest chance of being accepted (34%) whereas profile number 16 scored the highest
chance of being rejected (93%).
Table 3.2.4: Binary logistic regression analysis summary for attitudes towards 27 sets of domotics applications (N=1847)
Attributes

B

SE

Exp(B)

x1(1)

-,024

,158

,977

x1(2)

,093

,162

1,098

x2(1)

-,050

,161

,952

x2(2)

-,129

,162

,879

x3(1)

,051

,159

1,053

x3(2)

,062

,157

1,064

x4(1)

-,092

,158

,912

x4(2)

,046

,165

1,047

x5(1)

-,001

,162

,999

x5(2)

-,062

,161

,940

x6(1)

,30*

,164

1,344

x6(2)

-,048

,154

,953

x7(1)

-,63**

,164

,535

x7(2)

-,41

,167

,661

-,24

,158

,784

-,073

,163

,929

Electronic door locks

Video Intercom

Panic alarm

Video contact

Video contact via

House on/off switch

Price

Vacation switch
x8(1)
x8(2)
* p<0.07; **p<0.01
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This part of the survey is made up out of a series of statements about domotics, the seniors’ answers are displayed on a Likert-scale (a 5 point scale: 5 being “totally agree”
and 1 being “totally disagree”). The questions that were asked negatively (perceived
disadvantages) were recorded.
The variables are summarized in four constructs: perceived advantages, perceived disadvantages, needs, and attitudes. In other words, the scales of all variables are summed
up in these four overall scales to measure the model (Table 3.2.5).
Cronbach’s Alpha of the overall attitude towards domotics is 0.94, which is acceptable
as a measure of reliability.
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In order to determine any correlation between the constructs, the correlation coefficient was calculated. The means, standard deviations and intercorrelations for attitude
towards domotics and predictors variables (n=403) can be found in Table 3.2.6. It
shows that there is enough consistency between the constructs to calculate regression
coefficients. The dependent variable (attitude) correlates with all constructs; all six
correlations are all positive and range from 0.29 to 0.71. Strongest positive correlation
is between attitude and perceived advantages (r (401) =0.71; p<0.001).

5. Integration

CORRELATION
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AN EXPLANATORY RESEARCH INTO THE ATTITUDE MODEL

3.2.3 Analysis

D.

6. Conclusions

The variable price had a significant influence on the negative attitude towards the offered domotics packages and increase the chance for rejection (B=-0.63; p=0.0).
Contrary to the above, it seems that a switch that would be able to turn all electronic
appliances on or off would be a parameter which respondents would answer “yes”
(B=0.30; p=0.07).
The results of the analysis seem to indicate (table 3.2.4) that there are no further significant relationships under the previous variables. Therefore, the effects of diverse variables on the attitude of seniors and their preference for packages can be determined.
Although this result hampers the analysis of the “preferred combination of appliances”
and the determination of the partial utilities, it does clarify that the need for domotics
packages is limited at the moment and that the price is very important to consumers.
Analysis have been done to determine if the choice for a certain package correlates
with certain personal attributes. It seems that a significant relation does exist between
the location of the residence and a positive attitude regarding the 27 profiles offered.
The residents from South and North Holland are more prepared to purchase a domotics package than residents from other provinces; 1 out of 3 respondents of the chosen
packages are from one of these two provinces (χ2=1695,2; df=260; p<.001; Cramer’s
v=0.294).
Although this is not statistically significant, it is interesting to mention that seniors
with a detached home, in comparison to seniors with another type of home, have chosen for a domotics package more often (32%).
Based on this result, it can be concluded that the housing situation (location and type of
dwelling) has significant influence on the senior’s choice for a total domotics package.

Table 3.2.5: Measurement scales and descriptive statistics, Mean, SD and Reliabilities of perceived (dis)
advantages and needs
Construct

item

Mean

SD

Domotics is very useful.

PA1

3.61

.857

Domotics is for fun and relaxation.

PA2

3.71

.841

Domotics makes living more luxurious.

PA3

3.77

.831

Domotics makes living safer.

PA4

3.94

.805

Perceived advantages

Reliability
0.86

Domotics allows one to live independently longer.

PA5

2.77

1.007

Domotics makes daily life easier.

PA6

3.66

.851

I experience new technology as a support for my daily life.

.859

PA7

3.31

I experience new technology as a positive addition to my home. PA8

3.34

.916

By using new technology within the home, I stay in contact
with the outside world and thus have more contact with family,
friends and acquaintances.

PA9

3.38

1.110

With domotics you have your home under control from a
remote location

PA10

3.17

1.064

Domotics takes personal activities and initiatives away,

PD1

2.83

1.041

Domotics is an unnecessary luxury.

PD2

3.30

.922

Domotics is still unreliable.

PD3

3.17

.659

Domotics is very expensive.

PD4

2.59

.779

Perceived disadvantages

0.76

Domotics is only applicable for new homes.

PD4

3.33

.884

Domotics is difficult to use

PD5

3.36

.726

Domotics only appropriate for technicians.

PD6

3.52

.830

Each home should have an Internet connection.

N1

3.09

1.106

A panic button should become compulsory in all new housing
projects.

N2

4.29

.905

Automated lighting should be a standard facility in all new
housing projects

N3

3.19

1.081

Domotics should help us with our daily life.

N4

3.58

.975

Domotics must contribute to our social contact.

N5

3.28

1.039

I wouldn’t mind paying for automated lighting.

AT1

2.54

1.045

I would allow for adaptations in my home in order to install
fully automated awnings.

AT2

2.60

.940

Needs

0.79

Attitude

0.78

I wouldn’t mind having domotics installed in my current home.

AT3

2.31

.956

If chopping and demolition work is required in order to install
domotics in my home, I would still allow it.

AT4

2.64

1.002

Table 3.2.6: Intercorrelations, Means, and Standard Deviations for Attitude towards domotics and Predictors variables (n=403)
1

2

3

4

M

SD

Perceived Advantages

--

.29**

. 52**

. 71**

3.45

.58

Perceived Disadvantages

--

--

.29**

.31**

3.16

.53

Needs

--

--

--

.49**

3.50

.72

--

--

--

--

2.52

.73

Attitude
* p<0.05 **p<0.01
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PA1

.80

PA2

.80

PA3

.77

PA4

.67

PA5

.72

PA6

.71

PA7

.51

PA8

.69

PA9

.56

PA10

.53

3.2.2 Method

Perceived advantages

Perceived disadvantages
PD1

.33

PD2

.46

PD3

.67

PD4

.48

PD4

.58

PD5

.77

PD6

.72

3. Seniors’ Needs

Items

1. Research Design
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Table 3.2.7: Confirmatory factor analysis to assess constructs validity of the model

.75

N5

.58

Attitude
AT1

.62

AT2

.62

AT3

.78

AT4

.79

Eigenvalue

8.28

2.67

1.76

1.28

1.06

% of Variance

31.86

10.25

6.79

4.93

4.078

The multiple correlation coefficient (R), using all the predictors simultaneously, is
0.57 and the multiple correlation coefficient (R), using all the predictors simultaneously, is 0.57 and the adjusted R2-value is 0.32. This indicates that 32% of the variance in the dependent variable can be predicted from the combination of independent
variables, needs, perceived advantages and perceived disadvantages. The Anova test
shows that F=63.159 and is statistically significant. This indicates that the combination
of the predictors significantly predict attitude.
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.41

N4
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.52

N3
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.30

N2

6. Conclusions

N1

3.2.3 Analysis

Needs

Furthermore, the confirmatory factor analysis was conducted to specify the links
between the latent and manifest variables and determines whether only one attitude
is measured by a summative scale (Pligt and Vries, 1995; Segars and Grover, 1993).
There are 5 different constructs; the variables concerning attitude, needs and perceived
disadvantages became as predicted 3 constructs. Only the variables concerning determinant perceived advantages are divided into two constructs:
(i)
“advantages of domotics as help in daily life”; and
(ii)
“treat advantages.”
The model is found to have good reliability and validity (table 3.2.7). The table shows
that the squared roots of average variance extracted were higher than the correlations
among each pair of constructs, indicating satisfactory discriminant distinguishing validity for each construct (Fomell and Larcker, 1981).

RESULTS OF REGRESSION ANALYSIS
Regression analysis is termed as causal analysis whereas correlation analysis indicates
simply co-variation between variables (Kothari, 2004). In this regression analysis, the
predictor variables, perceived advantages, perceived disadvantages and needs, are labelled independent variables. They predict the outcome variable attitude, which is labelled as a dependent variable.
Table 3.2.8: Simultaneous multiple regression analysis summary for Perceived advantages, Perceived disadvantages and Needs Predicting Attitudes towards domotics (N=403)
Variable

B

SEB

t

Tolerance

VIF

Perceived Advantages

.42

.07

5.77**

.497

2.01

Perceived Disadvantages

.21

.06

3.43**

.901

1.11

Needs

.21

.06

3.49**

.494

2.02

.23

1.42

-

-

Constant
.32
Note. R2 =0.32; F (3,399) =63.16, p<.001.
* p<0.05; **p<0.01

Simultaneous multiple regression is conducted to investigate the best predictors of
attitude towards domotics. The research question: “Is there a positive relationship between independent variables and attitude?” by means of this analysis is positively
confirmed.
The combination of variables to predict attitude from perceived advantages, perceived
disadvantages and needs is statistically significant (F(3, 399) =63.16; ρ<.001). In other
words needs and perceived (dis)advantages predict attitude towards domotics significantly. The beta23 coefficients are presented in Table 3.2.9. The adjusted R2 , which24
is a measure of effect size, is 0.32. This indicates that 32% of the variance in the dependent variable, attitude can be predicted from the combination of independent variables, needs, perceived advantages and perceived disadvantages. According to Cohen
(1988), this is a large25 effect.
23. The regression coefficient for the regression comparison.
24. Reflects what part of the variance of the dependent variable can be explained by the independent variables.
25. The coefficient determination :R2<1%=small; 1<R2<10%= medium; R2>10%=large
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Perceived Advantages

.52**

Perceived Advantages

.36**

Needs

.23**

Perceived Advantages

.34**

Needs

.21**

2

3

Perceived Disadvantages
* p<0.05; **p<0.01

R2

151.98**

.28

86.53**

.30

63.16**

.32

.15**

Figure 3.2.4 summarizes the results of the conducted tests. The figure shows that all
relationships between the constructs are supported.
These relationships are mentioned in previous sections. Relations explicitly presuppose the following:
• Perceived advantages (PA) and attitude (AT):
The first relationship that is tested in this investigation describes a positive direct
correlation among PA and AT towards domotics. This relationship is positively
confirmed (β = 0.34; p <.001).
• Perceived disadvantages (PD) and attitude (AT):
A positive direct relation exists between PD and AT towards domotics (β = 0.15;
p <.001).
• Needs (N) and attitude (AT):
A positive direct relation between N and AT exists (β = 0.21; p <.001).
Consequently, we can generalize the findings of this sample to the population. Besides,
the question: which combination of variables predicts attitude is answered by means
of this analysis.
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Table 3.2.9: Causal relationship between the variables of the research model
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Standard multiple regression has been used to evaluate the relationship between the
set of independent variables and the dependent variable. Hierarchical regression is
used to evaluate the relationship between the set of independent variables and the dependent variable, controlling for or taking into account the impact of a different set of
independent variables on the dependent variable. Table 3.2.9 shows that all cause and
effect relations are at an adequate level (R2 ≥ 0.10) and the beta of the independent
variables on their dependent variables are significant. The p-value shows a significant
result everywhere (p<.001). This means that the relationship is reliable and can be used
to make predictions.

6. Conclusions

The β coefficient for the relationship between the dependent variable, attitude, and
the independent variables is positive, implying a direct relationship. Higher numeric
values for the independent variable perceived advantages are associated with higher
numeric values for the dependent variable. That means that perceived advantages has
the largest influence on positive attitude towards smart technologies followed by needs
and perceived disadvantages. Also, comparison between β’s show that the variable
perceived advantages (0.34) is the most decisive for the attitude towards domotics,
while perceived disadvantages has a far less important role (0.15).

The research model with determinants, needs, perceived (dis)advantages, and attitude
is significant and explanatory.

Figure 3.2.4:Standardized path coefficient for the model to predict attitude towards domotics

Subsequently, the regression analysis is performed to find the causal relationship between variables attitude as the independent variable and behavioural attitude towards
domotics in both the current housing situation and in the case of moving to another
dwelling. There is a positive relationship between behavioural beliefs and attitude towards domotics (Table 3.2.10).
Table 3.2.10: Simultaneous multiple regression analysis summary for Behavioural attitude and behavioural
attitude- future Predicting Attitudes towards domotics
B

SE

Beta

t

AT-Com.

.39

.083

.45**

4.72

AT-Sec.

.20

.081

.24*

2.51

AT-control

.22

.081

.26**

2.77

AT-Future-Comf.

0.29

.034

.40**

8.36

.035

.30**

6.27

AT-Future-Sec.
0.22
R2=0.34; F(5,63)=6.50; p<.001

F

R2

12.31**

0.33

54.59**

0.25

RELATION BACKGROUND FACTORS AND THE RESEARCH MODEL
In order to get a good picture of the background variables that are decisive for the
formation of the senior’s attitude towards domotics, all variables from the personal,
environmental and informational factors will be compared with the model.
A significant relation is present between knowledge about and the attitude towards
technology (F(6, 448) =3.254; p<.005). It also seems that experiences have a significant influence on the attitude towards domotics (F(7, 423) =1.99; p<0.05), but not on
other constructs of the model.
Analysis of the influences of personal and environmental factors on the variables from
the model show that seniors with a lower level of education show more need for domotics (F(2, 440)=3.96; p<.05), while people with a higher education have a more
critical perspective of having “technology in the home” (F(2, 426)=6.01; p<.0126).
26. This also holds for seniors that receive domestic aid. F(3,42)=72,90; p<.05.
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The other personal and environmental factors do not show a significant relation with
the research model.
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Vital seniors, namely the ones who have few complaints about their health and use little or no domestic help, have a less positive attitude towards these technologies (F(4,
453)=2.44; p<.05 and F(3, 451)=4.02; p<.01 respectively). The variables age and gender has no significant relationship with attitude as predicted in the previous section.
It seems that plans to move to a new home also have a positive influence on the needs,
perceived advantages and attitude. Elders who plan to move have a more positive position towards domotics F (2, 446) =3.87; p<.05; F(2, 455)=3.26; p<.05; F(2, 457)=4.16;
p<.05 respectively.

Conclusions

3.2.4

In this investigation, the variables that are decisive for the seniors’ attitude formulation
towards technology in a dwelling have been explored. The research model with determinants, needs, perceived (dis)advantages, and attitude is significant and explanatory.
And so the question: which combination of variables predicts attitude is answered by
means of this analysis.
The sample pool was representative for the Dutch population with an average age of
65 years and spread evenly over the provinces and age groups.
The results of this survey validate a large portion of the results from the qualitative research section of the study, an example regarding environmental factors: two thirds of
the respondents indicate that they do not want to move (again). They want to remain in
their current home for as long as possible. The findings of this quantitative investigation agree with what was concluded in the qualitative portion of the study.
This also corresponds with the results from Klerk’s (2004) research from which it
seems that the majority of Dutch seniors are satisfied with their housing conditions.
As reasons to (possibly) move to a new home: “need for healthcare” and “due to
health” were given 436 times, those reasons were followed by “the size of the home”
and “for financial reasons.” “Children moving out” was only mentioned as a reason 14
times, this is conflict with what is usually thought and expected with regard to “empty
nesting.”
Moving plans have a great positive impact on the needs and attitude towards domotics; seniors who plan to move to a new home think much more positively of domotics.
The type of dwelling and location influence the choice of acquiring or not acquiring
a domotics package. The dwellers in the “Randstad27” are more prepared to choose
for a domotics package than people living in other provinces. Domotics packages are
also more attractive to dwellers of detached homes than for dwellers of other types of
homes.
As far as informational factors are concerned, it seems that a significant relation exists
between knowledge and attitude towards technologies. Often a positive correlation
was found between being acquainted with, having or wanting to have a product. The
knowledge of existence of an application is actually not an issue (for example: 98%
know about intercoms, 70% know about electronic door locks).
Likewise, experiences have a significant impact on the attitude towards domotics, but
not on other constructs of the research model. The outcomes of this analysis show that
the “knowledge of domotics” especially is related to the attitude in the area of security
and care.

27. The Randstad is the Dutch Rim City, a highly urbanized area which is mainly dominated by the cities of Amsterdam,
Rotterdam, The Hague, Ijmuiden, and Utrecht.
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This means that the functionalities, possibilities and added value of domotics for seniors must be revealed and become more visible. It is not so much about care functionalities, which are being moved to a “later stage” by the seniors, but about increasing
interest for the added functionalities that domotics provides and supports living independently, by contributing to safety, well-being and comfort.
The following conditions are thereby important: applications must meet the needs of
the senior; the needs of the older people have a positive correlation with their attitude
and the decision to accept or reject domotics at home. The occupant has to be convinced that he gets an advantage when acquiring the appliance. At the moment, seniors
are not yet prepared to invest in facilities that they believe they may need in the future.

3.2.3 Analysis

However, this research points out that by considering the perceived advantages and
perceived disadvantages throughout the decision-making process, the benefits and affinities have a greater impact on older citizens than the disadvantages, fears and resistance.

3. Seniors’ Needs

However, the conclusions mentioned above cannot be interpreted as senior people
rejecting domotics principally and that we should stop with the development of it. Apparently the older adults do not want to have the product yet but they do have a moderate positive attitude towards possibly purchasing domotics applications in the future.
In this case, as mentioned in chapter two, the focus of domotics lies with healthcare
products and services.
Senior citizens are not willing to invest in domotics appliances right now, because they
are not convinced that it has any added value to the functionalities of their current life.
The cost-benefit analysis is therefore negative.

4. Professionals’ Perspectives

It is proven that at this moment the interest for domotics applications is small, but the
expectations for the future seem more positive. For example, the majority of the respondents (85%) think that an internet connection is mandatory in all new homes, and
36% feels the same way about a panic button.
Only a small percentage (26%) of the respondents is interested in acquiring a total domotics package. An often stated reason for the reluctance to buy is that the price is too
high: this means that the price has is of significant influence on the negative attitude
towards an offered package and thus, increases the chance of the answer being “no.”

6. Conclusions

Analysis of the influence of personal characteristics shows that seniors with a lower
level of education have a greater need for domotics, while people with a higher level of
education have a more critical perception of domotics within the home. Healthy, vital
seniors also have a less positive attitude towards these technologies than seniors with
health problems.

It seems that as a person ages, his experience of the effort against benefit changes
(Melenhorst, 2002). Effort is generally viewed as more important, which could make
people more critical towards the recompense that a product provides.
In the experience of “benefit,” a shift of emphasis takes place to the here and now with
as possible result that those efforts which will show gain in the long run will be experienced as being less remunerative and less interesting. This also applies to seniors who
can be considered as potential occupants of domotics settings.
Domotics must, therefore, provide promising solutions and applications for the present
situation of the occupant; relative to the efforts and costs, current domotics applications are not interesting and pleasing enough.
However, domotics appliances for the contemporary generation of 55 years old and
over that add value to their current life have not yet been developed; this is where the
challenges for researchers and developers now lie.
Besides that, objections and obstacles such as the complex operation of applications
must be removed or at least become surmountable and transparent for the inhabitant.
Based on the analysis of Section 3.1 and 3.2, it can be concluded that a domotic home,
according to Dutch senior citizens, must meet the needs relating to wellness, autonomy, connectedness, socialization, safety and security.
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Architect Ray Richardson is building a fully automated office tower in Los Angeles. But before anyone can move into
the high-tech masterpiece, its central computer becomes
autonomous. During a final inspection before turning the
building over to the client, Richardson and his companions find themselves locked in. The office tower, with its
sophisticated surveillance and security system that is supposed to protect the occupants, turns into a lethal trap.
(J. Eienbrand in Vegesack & Eisenbrand, 2006)
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Chapter

4

Professional
Stakeholders’
Perspectives of
Domotic Homes

This chapter consists of a qualitative and quantitative investigation into the perspectives of Professional Stakeholders of Domotic Homes. Section 4.0 introduces the methods utilized to respond to the sub-questioned posed in this part of the study. Its also
concerns information of the stakeholders of domotic homes.
Section 4.1 discusses interviews carried out amongst a select few professionals in the
Netherlands. These results were then used to develop an online survey spread amongst
key professional stakeholders in several European countries. This survey was specifically used to generalize their perceptions and discover new insights into domotics,
which is elaborately discussed in Section 4.2.

Introduction

4.0.1

One of the challenges of intelligent domestic environments is the multidisciplinary
aspect and the diversity of the involved domains and professionals such as: public
utility housing enterprises, architects, project developers, insurance companies, etc.
They play a different role in the process and have different perspectives and interests.
Consequently, these professionals have their own vision for the requirements bound to
domotics. Due to the complex process (Patton, 2002), the heterogeneous population
and diversity of the sectors involved, all stakeholders are working around each other,
waiting for one another to take the initiative (Damen, 2000). All stakeholders interfere
with uncertainties and the issues standing in the way of a breakthrough.
Understanding the relationship between the product development process and the
product adoption process provides the means of incorporating the needs into the development of new products (Rosen et al.1998). The manner with which the professional
stakeholders treat these two factors (development and adoption process) can impact
the success or failure of the launch of domotics.
The idea that people need to adapt their behaviour to technology is an alarming feature
of this technological metamorphosis. Sometimes systems and applications have been
designed from the perspective of what is technologically possible instead of taking the
perspective and the needs of the user into account. These systems are not geared at the
needs of the user in the living environment and are, therefore, unproductive, or, on a
long term basis, can even be classified as a failure. The normative character of such
domotics systems offers little to no room for individual adaptations, customization,
and flexibility.
The chain of thought concerning the lifestyle of (older) adults (Chapter 2) is clearly
lacking in domotics project for seniors; does the senior want to and can the senior live
in a “high-tech” home?
Sometimes a proactive intelligent environment is present that monitors the daily living
pattern and analysis and decides which actions must be taken. Control and initiative
has been completely taken away from the occupant and the system decides what is
necessary.
Many product developers seek advantage through sophisticated technologies with no
concern for whether or not consumers desire or perceive the advantages of the technologies (Rosen et al., 1998; Cusumano et al. 1992). It is as if managers and customers
are operating in different paradigms, not “speaking the same language.” (Kuhn, 1962)
Literature review (e.g. Thackara, 2001; Pragnell et al., 2000; Friedewald et al., 2008)
reveals that, particularly in the past, professionals busied themselves with the development of intelligent technology, while they did not have enough knowledge about the
needs of the users. Therefore, specialists tended to create new needs instead of creating a product that provides an adequate answer to the existing needs. The increasing
number of publications in this field shows that this issue is gaining attention. However,
a survey carried out amongst professionals from the housing sector in the Netherlands
(Bouwkennis, 2008) points out that more than half (57%) of them believe that the end
user is not in the spotlight during the building process.
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1. Steckler et al. (1992) have delineated four possible models of integrating qualitative and quantitative methods. In
the first approach, qualitative methods contribute to the development of quantitative instruments
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Tidd et al. (2004) distinguish four dimensions of an innovation: product (changes in
the products), process (the way the products have been created and are delivered),
position (context in which the products are introduced), and paradigm (the underlying
psychological model that forms the framework of the organisation).
However, this field has not yet been explored significantly. In this research, these dimensions are the indicators for assessing the perspectives of specialists in the field of
domotics.
These are the currently known reasons to canvass perspectives of the key professional
stakeholders of domotics and the architectural implications of the domotic home.
This chapter consists of two sections: Section 4.1 concerns a qualitative investigation
into the four mentioned dimensions of domotics under the key professional stakeholders of domotic homes using the interview techniques. Section 4.2 is an online survey
carried out. This mixed method is of a sequential exploratory nature1 (Creswell, 2003;

3. Seniors’ Needs

General literature on diffusion and adoption of innovations (e.g. Rogers, 1983; Andriessen and Roe, 1994) reveals that adoption processes are particularly dependent on
organisational and environmental conditions, and the characteristics of the innovation
itself, in this case domotics houses.
These are reasons for further research into the perspectives of the professional stakeholders on the success and failure factors of domotics, characteristics of domotic
homes, and the manner and extent of the involvement of the end-user in the innovative
process. The idea of superior expert knowledge and the ignorance of the end-user are
mentioned (Himanen, 2003) as one of the problems related to demand driven housing.
Some designers do not take into account the fact that a dweller is an expert in the field
of use even if he is not in design field.
According to Frambach (1993), the chance that a product is adopted by a potential customer depends on the market position of the product, winning support on the market
and information provision.
The chance of a successful adoption increases when the perceived relative benefit of
the innovation is greater, the product fits within the whole. Moreover, if it meets the
requirements of the potential user, it lowers the perceived insecurity regarding the innovations and improves the communication between the involved organisations.

6. Conclusions

By integrating “end-user needs” and the “human factor” into the concept of the domotic home, the “supply-side” can be stimulated to bridge the gap between supply and
demand.
For this reason, this chapter questions specialists’ vision on the needs seniors currently attach to domotics,how insight has developed and the way seniors are currently
involved in projects.
In the past years, the vision of domotics has evenly captured the interest of the industry, researchers and governments. Several technological roadmaps on how this technology could be embedded in social life, are developed (ECTP, 2005; Friedewald and
Da Costa, 2003). In the technological field a lot seems to be possible but the supply
side needs to stay aware of the social implications and consequences that these innovative technologies may bring on, for instance in terms of privacy and social contacts.

Steckler, 1992), and is used to create a broad vision based on the assumptions of the
professionals about the integration of technology in the domestic environment of the
older people.
In the first section (Section 4.1), an analysis of the perspectives of specialists is set up
regarding the application of domotics in a senior’s home on the basis of a literature study
and explorative conversations with specialists in the field of domotics (Creswell,2003;
Denzin and Lincoln, 2000). A semi-structured method was used during these interviews (Longhursta, 2009; Baarda et al., 1996; Emans, 2002; Evers, 2007).
The influence of signalled bottlenecks on the architecture and how these bottlenecks
could be solved has been researched.
The primary focus of both the qualitative (Section 4.1) and quantitative (Section 4.2)
methods are to explore the phenomenon of domotic homes in terms of the perspectives
of the professional stakeholders (Denzin and Lincoln, 2000). In the qualitative section,
the underlying factors that influence the realization of domotics are identified and an
analysis of the influence of technology on housing for seniors is conducted.
The results of the qualitative research are verified and generalized into a European
context (Creswell, 2003; Steckler, 1992) on basis of the results collected from the
professional stakeholders survey, which will be explained in Section 4.2. Quantitative
results assist in the interpretation of qualitative findings by exploring certain results in
more detail (Creswell 2003).
The online survey was executed (Section 4.2) based on the results of the qualitative
investigation (Section 4.1).
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The realization of a domotics living environment requires the participation of representatives from different disciplines, a wide range of stakeholders, each bringing a
great variety of interests, concerns, requirements and potential opportunities. Obviously, the introduction of domotics has increased the interdependencies between the different stakeholders. Due to this complexity (Patton, 2002; Himanen, 2004), assessing
the perspectives of the professionals who are involved in the establishment of domotic
homes, is very important; but determining the sample is questionable.
Industry (companies), academia (universities, researchers and the R&D laboratories)
and governmental bodies (politicians) are indicated as three key actors involved in
the innovation process in the Triple Helix model (Etzkowitz and Leydesdorff, 2000).
Universities can play an enhanced role in innovation that in its turn contributes to the
Dutch knowledge-based economy. The industry, and government can help to generate alternative strategies for economic growth and social transformation. These actors
differ in merit, influence, position, and involvement (Ridder, 2006) in the realization
of the project. Assembling these heterogeneous groups in a certain way can facilitate
the accuracy of the conclusions (Ridder, 2006) and the comparisons between different
sub-populations, in this case the sectors.
The stakeholders of an intelligent building are, according to Himanen (2003), occupant (companies), real estate developers and providers, building managers, service and
facilities managers, designers (architect, constructors, HVAC and electrical engineers,
and specialists such as ICT expert), building companies, contractors, authorities and
local and global communities. These stakeholders can be organized into four main
groups based on the model proposed by Viegas (Himanen, 2003): subject agents, object agents, catalysts, and passive indicators. The professional stakeholders and the occupants have both been named as “agents” because of their active interaction. Healthcare organisations, care givers, and insurance companies should be added to the list
of stakeholders in the case of housing for seniors. The research institutions play an
important role in the creation of new technologies; they could be involved in all of the
four aforementioned groups.
However, in this study, the stakeholders of the domotics house have been grouped in
five main categories. These categories2 are:
(i)
Catalysts: policy makers from (inter)national/regional/local authorities and
communities, standards and regulating institutions, not-for-profit organisations;
(ii)
Researchers: research institutions, laboratories and universities;
(iii)
Subject agents: the professionals from diverse fields, including: the building
industry, domotics industry, healthcare and wellbeing sector, insurance companies, etc.;
(iv)
Passive indicators: informal care givers, neighbours and visitors; and
(v)
Object agents: the senior citizens.

2. Dweller, Domus, Domotics

4.0.2

4.0.2 Stakeholders Classification

Stakeholders Classification
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6. Conclusions

2. The sectors are in different phases of the innovation process of domotics.

All these actors can experience - willingly or unwillingly- the consequences (advantages or disadvantages) of domotics in the daily and domestic life of the occupant
and assess it. The performances of a domotics project depend on both how each actor performs individually and how well different parties interact. The interaction also
depends on the social, economic and cultural fabric of the country or sector (Bielinis,
2004).
This chapter illustrates the assumptions of a mix of the key professional stakeholders
from the mentioned categories on the effects, and consequences of domotics in domestic settings.

Figure 4.0.1: Aging-in-place is part of a complicated social and scientific problem in which many stakeholders
are involved.

RESEARCH QUESTIONS
This section aims to assess perspectives of the professional stakeholders in order to
determine the major indicators that affect development of domotics in the living environment of older adults.
This chapter answers to the following research question:
RQ2: According to professional stakeholders, how can the supply-side facilitate domotics in the domestic setting of the older people?
This research question incites the following sub questions:
SQ3: According to professionals, what are the assumed benefits and implications of
merging of domotics technologies in the domestic settings for the independently living
of the older adults?
SQ4: According to the professional stakeholders, how does the development in the field
of domotics progress and why are domotics not implemented in houses more often?
SQ5: According to the professionals, how can architectural engineering facilitate domotics in the (existing) homes?
These questions will be answered in the Sections 4.1 and 4.2.
140

Chapter

4

Section 1
Explorative Research into Key
Professional Stakeholders’
Perspectives

The perceptions of the professionals involved in domotic homes are elaborately discussed in the following section of this thesis. It concerns a qualitative and analytical
research by utilizing interview techniques.
The effectiveness of this portion of the study is reflected in the sub-questions it attempts
to provide an answer for. These sub-questions concern providing insight into promises
and challenges regarding these houses, the way in which domotics is progressing, and
how architectural design can be involved in domotics to facilitate its development and
implementation.

Introduction

4.1.1

This is an explorative research into the perception, experiences, and expectations of
the professionals who are involved in the implementation of domotics.
This study is based on empirical evidence drawn from a survey conducted in the Netherlands. The study employs an inductive logic and qualitative approach (Creswell,
2003). The research covered experts (n=22) in the three mentioned categories of the
professional stakeholders: catalysts, academic researchers, and subject agents. The
survey is composed of: four experts in the building industry, five experts on policies
and standards in the domotics area, five experts from the domotics technology industry, four people who work in healthcare organisations and four researchers from different R&D institutes.
The sample consisted of sixteen men and six women. Purposeful sampling was applied
to identify and select interviewees. This type of sampling advocates the selection of
information-rich professionals for study to provide detailed understanding and insight
(Patton, 2002). More specifically, a criterion sample (Patton, 2002; Flick, 2007) is used
to select individuals who have been involved in the research, design and development
process of domotics in the building area. The criteria for selecting respondents are the
sectors in which these experts work, their prior experiences with domotics projects
and/or their publications in this area. The interviews are conducted with experts in
different functions: senior managers that had the responsibility for company policy
whether to use domotics in their development process, business managers, project
leaders and site agents and people who are in direct contact with the end-users.
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To assess the perspectives of the domotics experts, semi structured interviews have
been composed (Longhursta, 2009; Baarda et al., 1996; Emans, 2002; Evers, 2007),
which lasted sixty to ninety minutes with each participant individually.
The experts were first approached with background information about the interview
via the telephone or email and brought up to date about the goal, expected duration of
the interview and why they were selected to participate. Subsequently, they received
a list of topics. The one-on-one interviews were conducted at the respondents’ location and contained three modules: introduction, the central discussion, and conclusion
(Flick, 2007; Evers, 2007). Each interview started with a (pre)introduction explaining
the goal of the investigation, the global significance of the nature of the interview and
the selection procedure of the respondents. Permission has been requested for the use
of data registration appliances and an anonymous processing of the data was noted.
During the interview, the researcher used a set of guiding questions; additionally, probing questions were employed to spread and elucidate statements made by the participants.
The central part of the interview began with some questions into the background of
the respondent, their educational background, function, number of years of employment with the current employer and the current function, the focus of the organisation
within domotics, the experiences and the manner and frequency of the involvement of
the interviewee and the organisation in domotics projects.
Each topic within the interview started with a main question that was followed by subquestions for clarification. The main questions are open questions that are formulated
on the basis of the research question and that became more specific and closed during
the interview (Milena et al., 2008; Flick, 2007). These “guiding questions” (Strauss
and Corbin, 1998) are the thread of the conversation that ran through each interview
and were formulated individually according to each field of expertise of the interviewee.
The interview strived for as many open question formulations as possible (Emans,
2002; Evers, 2007; Baarda et al., 1996). Each main question was concluded by the
interviewer with a short summary of the respondents answer and an open question
regarding any eventual additions to the answer. At the end of each interview, a short
summary of the discussed themes was given and the respondents were asked whether
they wanted to add anything.

4.1.3 Analysis

4.1.2

6. Conclusions

Methods

The following topics have been addressed during the interviews that covered the three
sub-questions. These are divided as follows:
1) The product domotic home: its benefits and challenges and the requirements and
characteristics which this product must meet:
SQ3: According to the professionals, what are the assumed benefits and implications
of merging of domotics technologies in domestic settings for the independently living
older adults?
• benefits and added value that specialists attribute to domotic homes; and
• objections and challenges that specialists ascribe to domotics.
2) The current process and paradigm of domotic homes and specialists’ future expectations:
SQ4: In which way is the development of domotics houses progressing, according to
the experts and why are domotics not implemented more often in the building?
• the respondents’ perception of current developments in the area of domotic
home, in their home state and EU;
• the professionals’ expectations for the future development of domotic homes;
• perspective of respondents concerning why domotics are not implemented
more often in buildings; and
• the way of involvement of other stakeholders especially the end-user in the
development process.
3) And concerning position of domotics in the architectural design and the role of
building industry in this development:
SQ5: In which way can architectural engineering facilitate domotics in the (existing)
homes?
• (current) position and role of building industry; and
• characteristics of domotic homes for seniors.
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To identify perspectives of the experts the gathered data are analysed in a qualitative, interpretative way (Creswell, 2003). Seidel (1998) describes the qualitative data
analysis in terms of “noticing, collecting and thinking” about subjects, categories and
themes. After each interview, the audio-taped data is transcribed and an analysis is
made of both the course of the interview (flow) and the content of the discussion
(Evers, 2007). Subsequently, the interviews were analysed in detail on a fragmented
level. The discussions are processed in a matrix based on these themes in order to
identify recurring categories and the opinions of the interviewed experts have been
arranged into these categories.
On the basis of this information, the creation of a list of “enabling and constraining
factors” of the domotic home was initialized. These preliminary categories were refined after each interview, constantly compared with each other and adapted according
to new insights (Creswell 1998; Corbin and Strauss, 2008).
In order to increase the reliability of the data collection and the analysis and to exclude any biased views, the recordings and transcripts were analysed separately by the
author and an assistant researcher, whereupon the results were compared. Both data
analyses resembled each other greatly. For corresponding reasons, a few interviews
were performed again by another researcher.

4.1.2 Method

4.1.3

3. Seniors’ Needs

Analysis

5. Integration

These are just a few quotes from the interviews undertaken from the practitioners in
the field of domotic homes.
The gained insights are discussed in the following categories:
A. the assumed benefits and implications of merging domotics technologies in domestic settings;
B. development of domotic homes; and
C. the role of the construction sector.

4. Professionals’ Perspectives

“Looking at myself, I see that the ICT sector frequently needs to initialize the building
sector to bring clarity in the process of implementing domotics houses. The architects should play a greater role in this process. They need to bring different parties
together.” (T5)“You can clearly see that when there is a development in domotics applications, it usually originates from the healthcare sector, because of labour saving
motives.” (P4)“Domotics should be seen as a digital extension of a person.”(T4) “A
feature of the domotics houses is that builders are too conservative.”(H2) “The implementation of domotics is influenced by politics, technology, and costs. I see more
obstacles than chances.”(B3)3

4.1.3 Analysis

RESULTS: PROFESSIONALS’ PERSPECTIVES
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3. The opinions of professionals from the Building industry is designated here with B, Policies-makers (P), (T) stands
for the experts from domotics Technology industry, (H) for Healthcare organizations and (R) for Researchers.

6. Conclusions

There are no systematic differences between the results from the stakeholders from
different sectors, while they have totally different backgrounds.

A. THE ASSUMED BENEFITS AND IMPLICATIONS OF MERGING OF DOMOTICS
TECHNOLOGIES IN DOMESTIC SETTINGS
To answer the first sub question (SQ1) the respondents are asked about the benefits
and implications of domotics. The results are grouped into the following categories:
potentials and benefits, limits, and challenges of domotic homes.

1. POTENTIALS OF DOMOTIC HOMES
The benefits mentioned by professionals are distinguished into four groups: (i) social,
(ii) financial, (iii) organisational, and (iv) environmental benefits.
Almost all respondents endorsed the social importance of domotics, especially due to
the possibilities that this technology creates for aging-in-place. All respondents label
the aging population as the major motive behind the development of domotics. According to professionals, it concerns the increase of independence and freedom of action, but also the increase of need for social, practical, medical and technical support.
Changes in attitudes and life style of the (new generation) senior citizens are named
as one of the opportunities of domotics. Standards of living have been improving and
occupants have high expectations regarding a convenient and comfortable living environment.
Financial and economic benefits: to make or to keep healthcare affordable is an often
mentioned benefit of domotics. It provides efficiency to occupants and caregivers and
housing companies as well. This especially concerns the role of domotics with “EHealth.” The emphasis on healthcare is generally objected to by professionals. The
wealthy generation of seniors is seen as a “potential market,” which does not only
concern healthcare. According to some, more attention needs to be paid to marketing
rather than to technological improvements; “total-packages” and more product and
service diversity are areas of opportunity.
One of the opportunities of domotics is the increasingly globally consciousness of
climate change and environmental challenges.
There is a growing societal and political pressure to control environmental problems
and to save energy by promoting sustainable development. “Energy saving solutions
of domotics have also economic benefits; the focus has been on the energy efficiency
aspect of domotics because of the promotion of sustainable development and the compensation of high energy prices.” (T2)
This expert indicates that in this field many inquiries in the Netherlands are in progress.

2. IMPLICATIONS AND CHALLENGES
In chapter two, six categories of challenges for the implementation of domotics in a
home are named: (i) social and cultural challenges, (ii) promotional and education
challenges, (iii) (building) technological challenges, (iv) organisational and financial
challenges, (v) policy and regulation challenges, (vi) and environmental and global
challenges.
The perceptions of professionals regarding these challenges are described here.
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According to professionals, attention must be paid to the contradictions that emerge
with the concept; such as technology being used to create independency for the senior,
but at the same time the wellbeing of the senior becomes dependent on the functionality of the technology and affects his life.
Professionals declare that in order to ensure a successful implementation of domotics, it is crucial to take into account that the ethical and psychological barriers can be
avoided or removed by involving the target group into the implementation process and
to determine their needs.

4.1.3 Analysis

This concerns barriers with regard to protection of privacy, trust, control, confidence,
management, autonomy, social divide, and digital isolation.
Several studies have been done in this area, specifically targeting senior citizens (Bellotti and Sellen, 1993; Bohn et al., 2004; Friedewald et al., 2006; Hilty et al., 2004;
Punie, 2003; Edwards and Grinter, 2001).
The danger of alienation and dehumanization are noted, which is named the syndrome
of “digital isolation” in this investigation. This means that too many contacts are maintained digitally. There are limits to digital safety, digital comfort, and digital communication. If domotics is not implemented in order to replace human contact, but rather
to support the senior to keep in touch with society, a contribution is made to the maintenance of the “quality of life”. It is important that a seniors’ normal pattern of daily
activities is not unnecessarily breached: for example when seniors start ordering their
daily groceries online, less social contact is the immediate consequence.

1. Research Design

4.1.1 Introduction

2. Dweller, Domus, Domotics
4.1.2 Method

Ethical, psychological barriers

3. Seniors’ Needs

All respondents emphasise that users’ needs, attitudes, values and habits are crucial for
the success of domotics. These users could be occupants and (care) professionals as
well. However, at the moment, there is no real demand from end users and the domotics market is mainly technology driven. There is more technology available than demanded; this is an important problem for suppliers. One of the problems in this area is
the acceptance of the technology by healthcare organisations and employees. According to respondents from this sector, domotics is sometimes seen as a possible digital
competitor and replacer of personal healthcare. These threats need to be removed by
pointing out that domotics is not a replacer, but an amplifier. Personal attention must
remain present.
Another problem mentioned is that some applications are already on offer that are still
in the development phase.

4. Professionals’ Perspectives

Resistance and acceptance of individuals (users and professionals)

6. Conclusions

SOCIAL AND CULTURAL CHALLENGES
This category is one of the most important obstacles concerning the adoption and diffusion of domotics; this category is split into the resistance and acceptance of individuals (both end-users and professionals) and ethical and psychological barriers.

PROMOTIONAL AND EDUCATIONAL CHALLENGES
The implications that are caused by the image of domotics, specialist training, information, user briefing, and lack of knowledge dissemination are accounted for in this
category.
Image

Domotic homes are still odd. Chapter two thoroughly discussed the “cold industrial
image” that people sometimes associate with automation. Many objections, resistances, and predispositions are known: fear of or aversion of domotics, insecurity with
regard to the trustworthiness of the technology, the stigmatizing effect of placing too
much emphasis on healthcare requirements, friction due to the loss of privacy, friction
due to the loss of control, friction due to the “surrogate” human contact, friction due
to the removal of the own initiative , isolation as possible effect, and objections that
regard the aesthetics, atmosphere, and conviviality.
“Domotics has not seen a breakthrough on the market because it has been communicated as technology rather than as comfort.” (B2)
This paradigm, which also counts for the current generation of domotic homes, is
amplified with the experience of users that domotics projects could not fulfil promises
made in during promotions; and professionals keep on making empty promises. These
all damage the image of domotics. On the other hand, professionals indicate the risks
for the business, the requirements, limited available time for a project, and budgets.
Experts believe that there are also problems with the paradigm: “domotics.” According
to them the term “domotics” causes stagnation; different terms are used for automation
in the home and healthcare centres: E-health, telemedicine or telecare, domotics is too
powerful. One professional says: “This concerns the implementation of domotics in
the home. The word domotics gives this something magical.” (B3) E-health itself is
defined in many different ways with many different functionalities. One and the other
lead to confusion.
Sometimes, different names are emphasized; one respondent states: “I have no experience with domotics, but I am a project manager for an E-Health project.” (H2)
Because there is a lot of discussion regarding the terminology, the question as to
whether domotics should change its name is also included in the survey.
Specialist Training

There is a huge shortage of specialists and professionals in this field; untrained professionals who start working with domotics do not improve the image of domotics.
Tertiary studies in this field are scarce. There is little preparation for the sharing of
knowledge in this field.
A knowledge dissemination culture between the companies should be encouraged, according to some respondents.

148

Technical problems regarding the development of domotics appliances

5. Integration

Another technological challenge is the reliability of wireless technology. Professionals from both construction and healthcare sectors state that wireless connections have
many limitations. According to experts, wires are still the solution. One respondent
states: “This issue also concerns liability, which risks does an organisation take when
it implements such systems?” (H3)

4.1.3 Analysis

Domotics devices are generally incomplete products; most of the time they are incompatible, there are too often software problems, or software is not available to use all
of the unique features of the application, some promised features do not perform as
indicated.
Complexity of the interfaces and applications is another point of attention regarding
technological challenges. User-friendliness, free of interference operation, including
advanced and multi-modal interfaces and interoperability, are some crucial points for
the large acceptance of domotics. Generally these implications deal with: degree of
novelty, complementary technologies and the relative maturity of competing products.
According to respondents, one of the major barriers in this area is the disagreement
between the (multi national) companies about the internal infrastructure. Complexity
of the interfaces and applications is another point of attention regarding technological
challenges; e.g. a light switch divided into five vertical sections, could be confusing.

4.1.4 Conclusions

However, according to the interviewees, wired or wireless is not the grandest matter;
wireless is growing but it always calls for new wired connections and cable infrastructure.
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The technological problems can be distinguished into two main categories: technical
problems regarding the development of domotics appliances, and problems regarding
implementation into the building. According to the experts, it is important to develop
solutions for retrofitting of the existing homes.

3. Seniors’ Needs

(BUILDING) TECHNOLOGICAL CHALLENGES

4. Professionals’ Perspectives

“A bit of ignorance from the seniors is a reason why domotics is so difficult to introduce;, you have to teach seniors how to work with technology.” (T5) This is one of
the many statements made by respondents about the lack of information for end-users.
More than half of the respondents’ reports a poor job in informing consumers about
the nature and abilities of the applications as an obstacle for the adoption of domotics.
Many publications show that this is a commonly shared idea among specialists.

6. Conclusions

Information and briefing of users

Problems regarding the implementation into buildings

With regard to the breakthrough of domotics in the home and problems concerning the
implementation of domotics into buildings, professionals state that due to the importance of the old housing stock, means that manufacturers must find solutions to retrofit
existing housing; which is more expensive than networking a newly built home. However, given the fact that there will be little new housing projects in the future, attention must be paid to the problem of retrofitting. One of the interviewed professionals,
working for the provincial government in the department for elderly policies says: “We
try to stimulate the implementation of domotics in existing houses with funding and
projects from housing corporations.” (P4)
This concerns the problems regarding the instalment of infrastructure for domotics appliances. This will be discussed in depth with a case study in chapter five.

ORGANISATIONAL AND FINANCIAL CHALLENGES
A high economic depreciation is present due to the quick development of technology.
Economic characteristics regard an efficient implementation of finances (investment
costs and exploitation costs during use and management), on its own and in comparison to what the house produces in terms of return on equity, primary process support,
and the realization of organisational goals.
One respondent says: “Commercially, domotics is not interesting enough, not further
developed. And in the healthcare sector, domotics stirs up a hornets’ nest of questions
about who pays what. Does domotics give us a return on equity?” (H1)
From the organisational point of view, a lack of communication affects the feasibility
of intelligent housing solutions. Organisational problems occur particularly during the
addition of domotics in the healthcare and building process. Specialist point out a lack
in clear management, only temporary and “project bound” solutions, too little corporation between different sectors, no clarity with regard to the responsibility and liability
with technical issues, the process management for the implementation of domotics
proves to be an arduous communication between diverse sectors.
Technological trends such as miniaturization, automation and system integration are of
influence on the speed and dynamic change in the field of domotics applications. The
short lifespan of domotics appliance is one of the causes of stagnation named by the
specialists; the speed of development in the field of domotics is keeping the carefully
interested investor from the construction and healthcare sector at bay.
Another cause mentioned by specialists for the slow implementation process is the
traditional and conservative character of the building and healthcare sector.
A complication in this field is the problem of who is ultimately responsible, as stated
by the professionals. A respondent says: “Each discussion about how you realise an
innovative system ends in a discussion about policies, the accurate financial stimulants and the problem of who is ultimately responsible. Who is responsible for what?”
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4. KNX is a standardized (EN 50090, EN 13321-1, ISO/IEC 14543), OSI-based network communications protocol
for domotic homes. KNX standard is an example of dedicated wired networks which is supported by major domotics
devices suppliers. It is intended to be independent of any specific platform and is the in succession to three earlier standards for domotics: BatiBUS, the EHS (European Home Systems Protocol), and the EIB (European Installation Bus). The
installation form is generally over twisted pair wires.
5. Open Systems Gateway Initiative of Ericsson, Electrolux, Sun Microsystems, and Lonworks.
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Regulations, standards, and economic and social policies are the most important factors in this area. At the moment there is no (inter)national agreement on (inter)national
technical standards and on flexible infrastructure. According to the respondents there
are still too many standards and no dominant network. As far as official guidelines a
lack in standardization exists. One professional who is from the technological sector
mentioned: “The question is what will become the standard of home networks; will it
be the network pc (NP) or KNX4 ? In my opinion OSGI5 is promising. However, the
current situation makes things uncertain.” (T3)
A shortcoming in standard protocols is one of the reasons why European Organisations tend to centre their attention on basic single on-off switching applications.
Nonetheless, due to IP-net; this is becoming less of an obstacle than before. One of

5. Integration

POLICY AND REGULATIONS CHALLENGES

4.1.4 Conclusions

The last named problem in this category is the communication between building, technology, and healthcare. One respondent states:
“The bottleneck is the combination of services and functions, especially considering
healthcare. Living and healthcare stand far apart, wellbeing stands in between. Linking the three goes wrong; Everyone has solutions, but nobody has the total solution; a
responsible individual is missing.” (B2)
Miscommunications between the sectors occurs for reasons such as the deficit of a
single definition, for example: the term “intramural” is described by the building and
healthcare sector as Care provision which takes longer than 24 hours and accommodation is combined with treatment, activating and supporting guidance, nursing, or other
care (Driest, et al. 2008). While some domotics specialists speak of an extramural
setting if the operating system was to be linked with an ADSL or cable connection and
of an intramural setting if the system was to be connected to a LAN network. This can
quite obviously lead to confusion between parties.

4. Professionals’ Perspectives

Another problem mentioned in this area is the (too) late involvement of key stakeholders in the design and realisation process. A specialist with 10 years experience in the
area of domotics in the housing construction sector states the following: “In one of our
projects, we have only started thinking about what type of technology will be utilised;
quite late actually, because the building has already been completely built.” (T2)

6. Conclusions

The dilemma concerning “the ownership” of domotics will only get worse as time goes
by and more sub-packages will be offered by different types of suppliers of services
such as: financial services, housing corporations, energy suppliers and healthcare providers. A “domotics coordinator” who takes care of all required infrastructural work
and who offers after-sales services and support, would be a solution, according to the
specialists from the healthcare sector.

the respondents, a researcher in the area of ICT in buildings states: “For a long time,
domotics systems and protocols were supplier bound; this is changing with the rise of
universal ict-protocols such as Zigbee6 and TC7 . E-domotics is changing to i-domotics.” (R1)
Another barrier for the implementation of domotics is the governments’ financial policy. The involvement of the government is very important in order to realize development and dissemination projects. The business communities have an interest in funding to enable innovative projects.
One disadvantage is that “projects which take place based on project-funding, will
automatically take on a temporary nature. As a result the solutions usually remain
“project-oriented.” (R2)
Nevertheless, many domotics projects would not be realized without appealing to resources of the housing corporations, and funding from national, provincial and local
government bodies.
Financing domotics is problematic according to the majority of the respondents; one of
them states: “The Social Support Act (WMO) makes it possible for the financially weak
individuals who require healthcare to qualify for compensation for certain adaptations
in their home. Many domotics applications, such as: burglar alarms and the on-off
switch, are not included in this policy and are calculated in the domain of the dwelling.
Consequently, the costs are for the homeowner or housing provider.” (B3)
Professionals state that partially on-charging expenses in the rent price or service costs
of a house is possible; nevertheless the preparedness of the tenant to pay for domotics
applications does not only depend on his financial ability and stability, but also for
readiness to adopt domotics and his needs.

B. DEVELOPMENT OF DOMOTIC HOMES
This sub-section discusses the second sub-questions (SQ2): in which way does the development of domotic homes progress, according to the experts and why domotics are
not implemented more often in the building?
While many possibilities are being connected with domotics, all of the respondents
indicate that domotics is not making the progress as is required or as was expected.
According to the majority of the professionals, the application domotics in new
housing projects and existing housing is not happening. Nowadays, the adoption
process of domotic homes is considered as a push strategy. Factors that affect the
6. One of the typical representatives of WPAN’s (Wireless Personal Area Network), conforming to requirements to
domotic homes networking protocols is ZigBee standard, which is developed by ZigBee Alliance (Osipov, 2008). The
ZigBee Alliance is an association of companies working together to enable reliable, cost effective, low-power, wirelessly networked, monitoring and control products based on an open global standard (ZigBee Alliance, 2008). The
ZigBee Alliance is an association of companies working together to enable reliable, cost effective, low-power, wirelessly
networked, monitoring and control products based on an open global standard (ZigBee Alliance, 2008). There has been
three different versions of ZigBee: 2004, 2006, and ZigBee PRO (2007). According to CABA (2005) ZigBee 2004 is no
longer in use and ZigBee 2006 has major restrictions. However ZigBee PRO improves security, frequency agility, and
message fragmentation. ZigBee has possibility of mesh networking or network formation from existing nodes.
7. Transmission Control Procols (TCP) is one of the most common Internet protocols. The set of protocols used by the
internet are as far as possible independent of a physical medium; the TCP / IP communications can be carried through
fiber glass, copper or wireless and radio communications.
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The views of professionals concerning the future of domotics and domotic homes
is are divided. Several specialists have a positive vision for the future; they feel that
domotics will develop: “I keep seeing benefits; everything is being developed further.
One already pays more attention to the experiences and needs of the users. The sky is
the limit.” (T3) On the other hand, some professionals are quite sceptical with regard
to domotics. When sketching the future vision of domotics, a handful of requirements
are named and also desired scenarios illustrated, for example: “A lot great amount of
tele-service will take place in the future.” (B2)
Concerning the relation with architecture, one respondent mentions: “The future of
domotics depends on the combination with architecture, both the architectural and
technical side need to be developed, it needs to be integrally designed.” (P4)
This underlines the most important research question of this thesis, how can domotics
be integrated into the house of an older adult. One respondent states: “During construction, domotics may not act as a budget balancing item. If a party feels that they
want to do something with this technology, they need to ensure it has been taken into
account from the beginning of the project.” (P4)
Repetitively, specialists pointed to the need to meet the needs and desires of the target
group and made critical comments about the well established, possibly worn term:

4.1.3 Analysis

THE FUTURE OF DOMOTICS

6. Conclusions

breakthrough of domotics in homes for the older adults were discussed in the previous section. According to the professionals, the breakthrough of domotics is moving
at a tedious pace both in the housing construction and private market. The core of the
implementation process is to make people be prepared to pay a particular price for
a product (T3, B1, B3). “I do not often hear of domotics being implemented in new
housing projects. You barely see it being implemented in existing houses and when it is
being installed it usually concerns the simplest technologies. Too many new facilities
need to be installed into existing homes that the costs become too high.” (T5)
The experts were also asked about the current status of domotics in the Netherlands in
comparison to surrounding countries. They do not see the slow progression of domotics as country bound. Technological developments and the application of them in the
domestic domain are at about the same level in the Netherlands as in other countries.
According to a few specialists, small differences about the extent of implementation
of domotics can be explained by cultural differences: “In the U.S. more domotics appliances have been installed in homes than here in the Netherlands, but within the EU,
there is little difference.” (B2)
A few specialists believe that the Scandinavian countries have made more progress in
this field compared to other EU countries; this is accredited to the fact that urban areas
are very scattered.
Some other professionals believe that the Netherlands is aptly the leader in the field:
“Momentarily, we are involved in two European domotics projects; in these projects
we have probably come to the conclusion that we have put a lot of energy into something that has been available on the market in the Netherlands for quite some time; the
Netherlands has a leading role in this field.” (H3)

“Senior housing” One expert states: “The new target group does not want senior housing. They want to live comfortably in a spacious home, which is prepared for the future
and evolves with the occupant.” (B2)
Several professionals also pointed out the technological developments in the near future. One respondent remarked: “The less the occupant needs to think about tasks, the
better. This will only be possible with something like a subcutaneous chip. Adults also
often forget key cards and keys when they age. The technology to monitor them exists,
but if someone returns, the home needs to be able to recognize them, this is possible
with such a chip.” (B4)
With regard to the question concerning what the development of domotics should focus on in the future, the views of the specialists vary: some of the respondents reveal
entertainment as a good starting point on the future market, because of “technological”
lifestyles of a new generation that takes technology for granted. A number of experts
indicate comfort as the future of domotics and on the other hand, aging societies require increasing care and safety, according to some others.

C. THE ROLE OF BUILDING INDUSTRY AND ARCHITECTURE
In this section of the investigation, the way in which architectural engineering can facilitate domotics in the (existing) homes (SQ3) is comprehensively discussed.
Virtually all respondents recognise that a basic architectural infrastructure for the
installation of domotics, both in existing and in new housing projects, is absent. The
role of the architect is regarded as “very radical” (B2, T3, B3); the establishment
of the basic infrastructure, the integration of all systems and the realisation of the
needs of stakeholders, on both the professional as the occupants’ side. Professionals
from different sectors expect that the architects will act as the leader in the process
of the establishment of domotic homes. Two professionals state that the influence of
the architects is apparent in the new housing stock and the separation of housing and
healthcare (H2, R4).
On the other hand, there are specialists who believe that the importance of the architect
is irrelevant with the rise of wireless technology. The CEO of a health insurance company says: “Nobody can explain to me why the role of architects is currently deemed
so important. Due to the fact that adaptable housing required cable ways in the past,
the role of the architect was important. Some professionals currently state that wireless
technology makes this redundant.” (H2)
A respondent from the education and research sector says: “I think you just have to
have a standard that enables you to place an access point in each section of the house
which gives you a wireless connection. That’s it.” (R2)
According to some specialists, the cause of the current problems in the construction
sector with regard to the implementation of domotics is the short-fall of insight and su-
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Professionals from the construction sector often state that the role of architects in the
formation of the domotic home is minimal. To them, domotics is something which is
added later on and not as an integrated part of the housing concept.
Respondents stated that the housing corporations are reluctant regarding domotics;
they think domotics is too expensive and poses a risky investment. The complexity and
insecurity of the technology are acknowledged as inhibiting factors for the investment,
and these lead to the existence of an unprofitable top. The shortcomings in knowledge
of domotics applications and underlying techniques are stated to be another cause of
the reluctant behaviour of the construction sector. There is a lack of insight into the
costs and benefits of domotics. The product life cycle of domotics appliances is short,
and the payback period is uncertain.

3. Seniors’ Needs

With regard to the role of architectural design, one interviewee from the category
policy-makers – who is involved in the development of norms in the field of domotics – points out the interests of the stakeholders, and the required cooperation. This
respondent indicates that during the development of a recent norm in the field of domotics, there was no input from an architectural perspective during the discussion and
the decision-making group. According to this professional this surely has an effect on
the development of standards: “We did invite them to come, but they didn’t want to be
involved, which is up to them. Otherwise we are not really involved in construction
except for a good internet connection, safety, and accessibility.” (P5)

4. Professionals’ Perspectives

pervision, the traditional and conservative approach, and the deficit of communication.
One respondent explains: “Independent living and domotics, one belongs to the other;
one obstacle in this is the traditional construction engineering; in current engineering,
a lot of money is thrown away, which is not efficient. But in view of the risks that are
being taken, a reasonable compensation should be available.” (B1)

Conclusions

4.1.4

This part of research has the objective to explore the perspectives of professional
stakeholders and to answer the research questions in Section 4.1.2.
In answer to SQ1, concerning the breakthrough of domotics in the homes of older
citizens, the study revealed six categories of challenges and barriers related domotic
homes: social and cultural challenges, promotional en educational challenges, (building) technological challenges, organisational and financial challenges, policy and regulation challenges, and environmental and global challenges.
Domotics technology should increase in order to bring about the economies of scale
that are necessary for a large reduction in price. Although prices have declined over
the past few years, there is still a long way to go and as a result a widespread demand
has not occurred. The stakeholders realise that prices need to be lowered for any sort
of mass-market acceptance.
Problems of a social and organisational nature are often brought forth by the respondents. It can be concluded that too little communication and cooperation takes place
between the different actors and sectors who are involved in the diffusion of domotics.
Process management during the implementation of domotics is missing and a shortcoming in management during the integration of domotics into the building process
and during the integration of domotics in the healthcare sector can be discerned.
There is uncertainty with regard to the responsibilities and liabilities in the distinguished construction phases and for example in the event of a malfunction.
In conclusion, psychological barriers such as unfamiliarity with domotics, fear or aversion of domotics, insecurity with regard to the trustworthiness of the technology; the
stigmatising effect of placing too much emphasis on healthcare requirements, friction
due to the loss of privacy, friction due to the loss of control, friction due to the “surrogate” human contact, friction due to the removal of initiative of seniors, isolation as
possible effect, and objections regarding the aesthetics, atmosphere, and conviviality,
must be taken into account during both the adoption process and the implementation
phase.
The fact that domotics does not fit into an individual’s lifestyle and/or views must
be accepted and the removal resistance should only be sought after when absolutely
necessary.
Suppliers of domotics are particularly responsible for the instigation or continued existence of these psychological barriers by barely or not allowing for any involvement
of the end users in the implementation process, by offering little services when it
comes to merging specific user needs, and by offering insufficient service and followup services after the delivery of domotics products.
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The conclusions stated above are reached by qualitative research that was carried out
amongst experts in the field of domotic homes. After categorizing the data into six categories: i) social and cultural challenges, ii) promotional and educational challenges,
iii) (building) technical challenges, iv) organisational and financial challenges, v) policy and regulation challenges, and vi) environmental and global challenges, an analysis
took place, and the conclusions above were formulated with regard to research questions SQ1 through SQ4.
Based on the analysis and the conclusions, a survey was developed which is discussed
in the following section (Section 4.2).

4. Professionals’ Perspectives

The reliability, credibility and mental image of domotics are decisive for the perception of quality and acceptance of the user and therewith the characteristic of the house.
Groonroos (1990) states that a positive image of quality contributes to the perception
of quality of the user; the quality assurance is momentarily insufficient.
In sum, there are a number of factors that have a positive or negative impact on the
breakthrough of domotics; experience with domotics in the past, organisations’ interest in domotics, businesses’ interest in funding, demand articulation method, the
method of cooperation with other companies/sectors, the extent and manner of involvement of the government and problems with the adaptation of the current housing
stock. Domotics concern a multidisciplinary area. Organisational characteristics such
as communication and follow-up services are just as important as the innovative technological solutions that are utilised in the project.
The role of architecture in facilitating domotics is perceived in two different ways.
the majority of experts believe that architecture is quite important, while only a small
number of respondents feel that it has become redundant with the rise of wireless solutions.

4.1.3 Analysis

Intangible aspects, amenities and the connection of domotics with the lifestyle of an
occupant are decisive for the formation of a positive attitude and acceptance (see chapter three). Domotics developments and applications that are suitable for more target
groups than just seniors or challenged individuals can reduce the stigmatising effect.
This would also create a suitable solution regarding the future decrease of the Dutch
population; “provide the same means of use for all users, identical whenever possible,
equivalent when not.” (Preiser , 2007) Issues such as privacy and authority of the occupant in the domotic home are still insufficiently guaranteed in practice, despite the
critical questions that are being regarded in science and politics.
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4

Section 2
Domotic Homes From a
European Perspective

This section deals with the assumptions of professional stakeholders of domotic homes.
It concerns an online survey carried out in seven European countries. The study reveals the four dimensions of domotic homes: i) assumed benefits, challenges, and
characteristics of the product; ii) process of implementing domotics into homes; iii) its
current position and paradigm; and iv) the role of the architect and the construction
sector in the process.

Introduction

4.2.1

The increasingly global economy has led to the dominance of internationally distributed product development projects. Hence, international transfer of technologies implies
that the technologies cross the national borders.
Changes in the area of domotics are occurring on an international level and the developments in different countries influence each other. Many projects in various countries
are supported by EU-Organisations and important norms and guidelines are often also
set on a European level (Wallis et al., 2009; European Commission Communication,
1999; Nies 2004). For this reason, this investigation concerns an explorative online
survey spread amongst specialists from seven different EU countries. These countries
have been selected on the basis of a literature study and the conclusions drawn from
the interviews (Section 4.1). Several publications regarding domotics originate from
these countries. The selected countries are the Netherlands, Belgium, Germany, United
Kingdom, France, Spain, Italy, and the Scandinavian countries.
The goal is to gain insight into the perspectives of professionals with regard to the
most important factors that influence the implementation process of domotics into
homes in that country and the sector in which the respondent works. Thereby, a impression can be formed of opportune and inhibiting factors, growth possibilities, and
future perspective of domotics in these European countries.
The survey has been composed on the basis of RQ3: “According to professional stakeholders, how can the supply-side facilitate domotics in the senior home?” and the subresearch questions stated in Section 4.0.2. It concerns the verification of the findings
in Section 4.1 with regard to the following objectives:
• benefits, challenges, requirements, and characteristics of a domotic home as a
product;
• the current process, the current situation, image of domotics houses, and the expectations of professionals for the future; and
• the role of building industry and architecture in these developments.
The interviews with professionals in the Netherlands (Section 4.1) helped substantially
in structuring the problem and opportunity areas and gave a direct indication for further
investigation. The units of measurement in this sample are professionals from these
countries who are actively involved in the field of domotics or realise domotics project
in this field. The research population originates, as stated in Section 4.0.2 (Stakeholders’ Classification), of this chapter, from five homogeneous advisory groups:
(i)
policy-makers (inter)national/regional/local authorities and communities,
standards and regulations institutions, not-for-profit organisations);
(ii)
healthcare (healthcare providers, service providers, insurance companies,
healthcare corporations, tele-medicine, volunteer care workers);
(iii)
technological sector (installers, consultants, product suppliers, ICT and domotics developers, research institutes);
(iv)
construction sector (architects/designers, consultants, housing corporations,
project developers, material suppliers); and
(v)
research institutes (universities, etc.).
This survey uses a stratified random sample.
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After drafting a concept-questionnaire, a pre-test session was held with four professionals. The aim was to test the formulation, degree of accurateness, degree of neutrality, comprehensibility, certainty, language and time required to fill in the questionnaire.
The questionnaire also included a question whether any relevant aspects were absent.
For the final version, the wordings of the questions were revised where necessary.

4.2.2 Method

In total, 6732 professionals were invited to participate in the investigation.

The goal and interest of the study was clearly stated in a guiding introductory page of
the website. Respondents could request to be kept informed about the results of the
investigation.

3. Seniors’ Needs

This survey uses a stratified random sample (Baarda et al., 2006). The research population consisted of actors that are actively involved in the KNX platforms or the
workgroups included in these platforms. The individual specialists can, therefore, be
regarded as a unit of measurement. In this investigation, the respondents have been
approached via this international network association. This platform has a broad and
international list of email addresses of professionals who are producers or service providers of domotics. The professionals on this list who fall within the target group are
invited by email to take part in the investigation. The questionnaire was online for two
and a half months in 2009.

4.2.4 Conclusions

161

4. Professionals’ Perspectives
6. Conclusions

5. Integration

4.2.3 Analysis

In order to facilitate the response, the questions were provided in four languages,
Dutch, English, German, and French.

Method

4.2.2

The questionnaire consists of four parts; the variables in the investigation are developed on bases of three categories which are discussed in Section 4.0.2: product, process, and position of domotics in architectural design. These are all discussed below
along with some general background information.
A.
The first part addresses certain characteristics of the respondents and the organisation they are affiliated to. Themes such as educational level, function, length of
employment in a certain function, the sector, and the profile of the organisations, the
expertise of the respondent, and his organisation on domotics, are addressed.
B.
The second part of the survey addresses the product, domotic home. It concerns questions about the added value of domotics, the opportunities domotics offers,
and the requirements that need to be met to realise these opportunities.
C.
The third part of the questionnaire addresses the current process, status, and
image of domotic homes and the expectations respondents have for the future. In this
part, questions were asked about current developments and future developments both
within the country, the sector, and organisation in which that particular specialist is
working. Attention was paid to the developmental process of domotics and the barriers
in the implementation of domotics. Aspects such as experience with domotics projects,
expected developments with regard to domotics and the issue of the leaders in the implementation of domotics are dealt with here.
It is also important to recognize who is currently the most important target group of
domotics and who will be in the future in which way and to what extent the different
stakeholders will be willing to involve the end-users in the process.
D.
The position and the role of architecture in the development of domotics is
central in the fourth part of the survey.
There are open and multiple choice questions listed on the survey. Variables which are
measured with multi-items require five-point Likert-style responses ranging from 1 =
strongly disagree, to 5 = strongly agree.

162

Whether there is a significant difference between two groups was tested by using the
Chi-Squared-Test. To illustrated nominal data and ordinal (discrete) data, a cross-tabulation analysis has been used. In order to identify the extent of a linear relation between
the scales, Pearson’s correlation coefficient (r) is used. The variables that are compared
must be measured on an interval-/ratio level. When respondents gave multiple answers
to a single question, it was not possible to make a cross-tabulation analysis. In these
cases, the differences were described individually. Due to the fact that the number of
the answers to some of the questions was too small, these statistical arguments were
flawed. Percentages would add up to above 100% when a respondent gave multiple
answers to a question.
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8. The simple variance analysis (F-value) or One-Way ANOVA is used to determine if the average of one test variable
of three or more non-linked samples differ significantly.
9. Cronbach’s α must be at least 0.63 for the scale to be internally sufficient.
10. 99 professionals did not complete the entire online questionnaire. Because results become more reliable when more
people answer questions, the answers they did give were included in this investigation.

4.2.3 Analysis

RESPONSE
The operational population existed of 6732 professional stakeholders of domotics,
members of the KNX association. The response was 6% (n=36210). Table 4.2.1 shows
the number of respondents per sector per country. From some sectors and countries,
a substantially low amount of professionals responded that it is not possible to pass a
significant judgment. The building sector (n=193) and technology sector (n=119) had
the greatest response. When breakdowns are made between sectors, the other sectors
will be included in the category, “other sectors”. This is also true for the response per
country; responses from Italy, the UK, and Scandinavia will be covered by the category “Other EU-countries”. The greatest response from professionals was from Spain
(23%) and Germany (21%).

1. Research Design

4.2.1 Introduction
4.2.2 Method

This analysis is done by means of the program SPSS 17. The following analysis techniques are used in this study (Kothari, 2004; Burns and Bush 2005; Baarda et al.,
2003; Leech, 2008): depending on the level of measurement, with the help of different
statistical methods such as correlations, anova’s8 and chi-squared tests, the presence of
relations have been explored. In order to test if the scales are homogenous, the extent
to which the selected items measured the same results, Cronbach’s (α) Alpha was calculated9 (0.73).

3. Seniors’ Needs

2. Dweller, Domus, Domotics

The analysis is divided into two sections: in the first section, the response from the
analysis is discussed and the research results are further addressed.

4. Professionals’ Perspectives

4.2.3

6. Conclusions

Analysis

Table 4.2.1: Response overview – per sector and country (n=255)
Research

Healthcare

Technology

Construction

Other

Total

Belgium

1

3

6

26

4

40

Germany

1

0

23

40

12

76

France

1

0

2

49

2

54

United Kingdom

0

0

9

7

0

16

Italy

0

0

16

2

3

21

The Netherlands

3

5

19

30

2

59

Spain

5

0

38

35

4

82

Other

0

0

6

4

3

9

Total

11

8

119

193

30

362

RESULTS
In part A, a descriptive analysis of the research population will be given. This concerns
the characteristics of the relevant professional, the affiliated organisation and the sector.
Subsequently, the reliability and validity of the investigation will be discussed.
The results of the second part, the questions regarding the product, domotic home and
the third part, the current process, statues, and image of domotic homes and the experts’ future expectations, will be displayed.
In the fourth part, the results concerning the position and role of architects in the development of domotics will be discussed.

A. DESCRIPTION OF THE RESPONDENTS
The respondents can hold different functions in their organisation; the most mentioned
functions are: a member of the board or project manager (35%) and engineering (20%).
The majority of the participating professionals (57%) has been working in their function within the organisation for more than five years and has been involved in their
sector for more than five years (65%). Of the respondents, 11% have been employed
in that function for less than two years.
More than half of the respondents (51%) have a bachelor degree or higher (n=359).
70% of the professionals indicate that their organisation is active in the field of stimulating the implementation of domotics, 36% of the respondents indicate that this is not
true. The others are do not know whether or not this is the case.
Figure 4.2.1 indicates that the perception of the professionals from different countries
regarding the extent to which their organisation is active in the area of stimulating of
domotics. What is striking is that professionals from German organisations relatively
seldom indicate that their organisation stimulates domotics (51% compared to an average of 70%), and relatively often indicate that this is not the case (43% compared to
an average of 26%).
The French most often indicate that their organisation is actively stimulating domotics
(83%).
Large differences are identifiable between the share of projects in which domotics is involved. A little more than half of the professionals (53%) indicate that their
organisation involves domotics in less than 40% of their projects. Also, almost one
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France

Netherlands

Spain

Other

Total

5%

22%

22%

26%

37%

22%

In 60-80% of its projects

10%

12%

17%

0%

10%

4%

9%

In 40-60% of its projects

28%

17%

9%

12%

16%

16%

16%

In 20-40% of its projects

10%

17%

15%

8%

16%

10%

13%

In <20% of its projects

28%

49%

37%

58%

33%

33%

40%

Total

100%

100%

100%

100%

100%

100%

100%

Table 4.2.3: Which of the following profiles best describes your organisation (n=249)
Percentages
61%

The organisation in which I am employed is aware of developments in domotics, but will only adopt
new developments after other organisations have achieved favourable results from them.

22%

The organisation in which I am employed is dimly aware of developments in domotics, but will probably start taking a keener interest when other organisations start doing so.

6%

The organisation in which I am employed has a very limited knowledge of developments in domotics. Domotics is only involved in a small part of the organisation’s sphere of action and, consequently,
interest in it is very limited.

8%

The organisation in which I am employed has almost no knowledge of the possible application of
domotics, even though domotics could be of interest to my organisation.

4%

100%

The professionals indicated in which of the following profiles their organisation best
fits. Table 4.2.3 shows that professionals namely recognize their organisation in the
frontrunner profile; 61% of the respondents indicate that this is the case. Almost one
fourth of the professionals (22%) indicate that their organisation is not the precursor
of domotics, but is well informed of the developments in domotics and will follow suit
as soon as other companies are successful. Professionals do not clearly indicate identifying their sector in any of the profiles. Yet there are differences between professionals from different countries (χ²=52.6; df=20; p<.01; Cramer’s V=0.23). Belgian and
French professionals more often indicate that their organisation fits the frontrunner
profile (81% and 73% respectively). The German professionals relatively often indicate (18%) that their organisation fits the profile of being decently informed of domotics, but will not show more interest until other companies do. Finally, the Spanish and
Dutch professionals often indicate (33% and 37% respectively) that their organisation
fits to profile of the runner up to the frontrunner profile.
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The organisation in which I am employed has no interest whatsoever in the application of domotics

4.2.3 Analysis

Profiles
The organisation in which I am employed is aware of developments in domotics and is a trailblazer
when it comes to applying domotics. Domotics is a unique selling point for our organisation.
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Germany

25%

4.2.2 Method

Belgium
In >80% of its projects
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tation of domotics (per country) (n=360)

4. Professionals’ Perspectives

Table 4.2.2: To what extent is your organisation involved in the introduction, development, and implemen-

6. Conclusions

fourth (22%) of the professionals indicate that domotics is implemented in more than
80% of the projects in which their organisation is involved in. The share of projects in
which domotics is involved does not vary between professionals from different sectors,
but does vary between professionals from different countries. (χ²=44.4; df=20; p<.01;
Cramer’s V=0.35). Table 4.2.2 shows that relatively the smallest share of projects in
which domotics are involved, are in the Netherlands and Germany. 58% of the Dutch
professionals indicate that less than 20% of the projects in their organisation involve
domotics. German professionals indicate that this is true 49% of the time. Besides that,
only 5% of the German professionals indicate that more than 80% of their organisations projects involve domotics.

Fig. 4.2.1 Activeness of the professionals organisation in the area of stimulating domotics.

Figure 4.2.2: About one third of the EU professionals indicate that there organisation is active in the field of
domotics

Figure 4.2.3: Work experience of the professionals in their organisation and sectors (n=359)
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4.2.2 Method
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3. Seniors’ Needs

2. Dweller, Domus, Domotics

4.2.1 Introduction

One of the mentioned promotional challenges regarding domotics in the qualitative
part of this study concerns the paradigm of domotics. More than half of the professionals (55%) use the term “domotics” for the intelligent living environment. More than
one third (36%) thinks that this is not the case, “intelligent homes and “home automation” is the most occurring alternative to the term “domotics.”
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Figure 4.2.4: Top 10 challenges of implementation of domotics (n=362)

6. Conclusions

5. Integration

4.2.3 Analysis

Of the respondents, 67% indicate that the implementation of domotics is progressing slowly in their country. The slow implementation of domotics in these countries
(Figure 4.2.4) have causes of different natures: social, technological, financial, and
organisational challenges are mentioned frequently. According to professionals, the
slow progress of implementation is caused by the unfamiliarity with domotics (74%),
the fear of loss of control (72%), and the high costs of domotics (59%).
It is striking that the lack of involvement of the end-user, which is regarded by the professionals to be one of the most decisive factors that has emerged from the qualitative
investigations, did not reach the top ten problems of the professionals of EU countries
(25%).
Slightly more than half of the professionals (52%) indicate that they have had to deal
with the same barriers mentioned before.
Professionals indicate two main options with which the implementation of domotics in
their sector can be stimulated: by making domotics cheaper (35%) and by improving
the familiarity with domotics (31%) (figure 4.2.5).
The views about the way in which the implementation of domotics can be stimulated
do not differ significantly between different sectors.

4. Professionals’ Perspectives

B. ASSUMED BENEFITS AND IMPLICATIONS OF DOMOTIC HOME AND ITS
REQUIRED PROPERTIES

Figure 4.2.5: Best ways to stimulate domotics (per sector) (n=290)

CHARACTERISTICS OF DOMOTIC HOMES
In this investigation, the characteristics that professionals found most important for
domotic homes for the year 2020 were identified (figure 4.2.6). This concerns a question that is developed with multiple choice responses.

Figure 4.2.6: Characteristics of a domotic home (per sector) (n=220)

The professionals’ opinions regarding the most important characteristics of domotic
homes are divided. The three most important characteristics of domotic homes according to the professionals are: “energy-saving” (named by 20%), “flexibility and
integration” (18%), and “safety and security” (16%). Professionals who are active in
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24%
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25%
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20%

Flexibility and integration

9%

16%

18%

25%

17%

24%

18%

Safety and security
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18%

14%

11%

17%

20%

15%

Comfort

18%

12%

13%

14%

19%

8%

14%
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13%

12%

3%

13%

5%

8%

9%

Tele-care

6%

10%

9%

13%

5%

5%

8%

Financial aspect

4%

5%

9%

4%

4%

6%

5%

Other reasons

5%

6%

2%

9%

3%

6%

5%

Communication

7%

5%

8%

0%

6%

4%

5%

Total

100%

100%

100%

100%

100%

100%

100%

A quarter of the Belgian, French, and Spanish experts believe that energy efficiency is
the most important characteristic of the domotic home. In contrast, 25% of the Dutch
professionals believe that the technological aspects of domotic homes, such as flexibility and the integration of systems, is a characteristic for these houses.
Remarkably, the economic aspect is found to be less important both by country and by
sector.

C. ASSUMED DEVELOPMENT PROCESS, POSITION, AND PARADIGM OF
DOMOTICS, AND THE FUTURE EXPECTATIONS
Professionals rated different opinions about the experiences with domotics in their
sector on a scale of 1 to 5, 1 being “totally agree” and 5 being “totally disagree”. The
Pearson’s correlation coefficient (Table 4.2.4) has been used in order to identify to
what extent a linear relationship exists between the scales. The strongest correlation
exists between the statements “In this sector, the communication between the involved
individuals and the implementation of domotics is good” and “domotics is integrated
well into (new) projects at an early stage” (r=0.57; p<.01).
From this analysis, it seems that when a need for domotics is identified among users,
the investments would be reflected in the sector (r=0.50; p<.01).
This is also applicable when the end user has the correct image of domotics (r=0.50;
p<.01) and when the communication between the specialists is good (r=0,47; p<.001).
In Table 4.2.4, all relationships with a correlation (Pearson’s r) of more than 0.40 are
shown.
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Energy management
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Table 4.2.6: Characteristics of domotic homes (per country) (n=220)

4. Professionals’ Perspectives

There are also differences amongst countries concerning the characteristics of domotic
homes (Table 4.2.6). Professionals from the Netherlands and Germany, 11 % and 17%
respectively, believe that energy management is a less important aspect, against the
20% average rated by EU professionals. They chose respectively technological aspects
and safety as the most important characteristics of domotics.

6. Conclusions

the technical sector have indicated relatively often that domotic homes are characterized by a high value of security and flexibility. On the other hand, only 11% of these
professionals indicate that domotic homes are characterized by a high comfort value.
The construction sector states that energy saving, comfort, and flexibility are the most
important characteristics.

The professionals also assessed the statements about the implementation of domotics
in their sector. These statements (again with the 5 point scale) are less related than the
statements regarding the experiences with domotics. The correlations according to
Pearson’s (r) are illustrated in Table 4.2.5. (Positive correlation ranged from 0.20 to
0.38 as indicated). The strongest positive correlation is between an interest in domotics and the fact that domotics is sufficiently developed to be implemented on a large
scale (r=0.38; p<.01). This means the interested sectors think that domotics is ready
for large-scale implementation; hence, the interested sectors invest in the development
of domotics (r=0.24; p<.01).
There is a positive relationship between the statement “it will take at least one more
generation before domotics will really be accepted” and “nothing is happening with
domotics because key players are not taking the lead” (r=0.32; p<.01). This is also
true for the statement “domotics is too expensive to be implemented on a large scale”
(r=0.32; p<.01). This analysis implies that when the government is positively involved
in trying to put domotics on the map, the sectors will also invest in its development
(r=0.31; p<.01). A negative relationship between “the government is taking positive
steps towards putting domotics on the map.” and “nothing is happening in the field of
domotics because decisive actors are not taking the initiative” (r=-0.28; p<.01) also indicates the importance of the government’s role in the development of domotic homes.
According to the respondents one of the reasons that domotics is still too expensive, is
that the decisive actors are not taking the initiative (r=0.30; p<.01).
The professionals’ answers on the statements regarding the implementation of domotics in their sector (table 4.2.5) do differ in some cases: with regard to the statement
“in this sector, the government is positively involved in putting domotics on the map,”
(F=44; df=2; p<.05); professionals from the construction sector agree with this statement (M= 3.74) followed by professionals from the technological sector (M=3.56),
and professionals from other sectors agree most on this statement (M=3.16).
The statement “in this sector, domotics has developed enough to be implemented on
a large scale” (F=3.6; df=2; p<.05) is mostly supported by the professionals from the
building sector (M=1.98), followed by professionals from the technological sector
(M=2.28), and professionals from the other sectors (M=2.42).
For all the countries in Figure 4.2.7, professionals indicated if (1) no progress was
made in the implementation of domotics in their country, (2) a reasonable amount of
progress was made in the implementation of domotics in their country, or (3) a lot of
progress was made in the implementation of domotics in their country. In the figure,
the average score for all countries is displayed. According to professionals in Germany
– with an average score of 2.63 – the implementation of domotics has clearly made the
most progress. Professionals also indicated whether they believed any countries were
excluded on the list where domotics has made a lot of progress. However, the professionals from different countries have various opinions regarding the extent to which
the implementation of domotics has progressed in the following countries: Germany
(χ2=74,1; df=10; p<.01; Cramer’s V=0.39), France (χ2=53.9; df=10; p<.01; Cramer’s
V=0.42), Belgium (χ2=42.3; df=10; p<.01; Cramer’s V=0.36), and the Netherlands
(χ2=27.1; df=10; p<.01; Cramer’s V=0.29).
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0.57**

The investments in domotics are profitable in our sector and the end-users display a
great need for domotics in our sector.

245

0.50**

The investments in domotics are only just now profitable in our sector and the majority of the end-users, predominantly seniors have a accurate image of domotics.

244

0.50**

The communication between the parties involved in the execution of domotics is
253
good in our sector and the majority of the end-users, predominantly seniors, have an
accurate image of domotics.

0.47**

The communication between the parties involved in the execution of domotics is
good and the investments made in domotics are being repaid.

242

0.45**

Domotics are being introduced on a small scale in our sector and there is a gap
between the demand and supply side of domotics in our sector.

259

0.44**

The application of domotics, in our sector, is experienced as a privacy threat and the 254
majority of the end-users, predominantly seniors, have an accurate image of domotics in our sector.

0.42**

The end-users, predominantly seniors, have an accurate image of domotics in our
sector and a great need for domotics among users exists in our sector.

0.41**
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Pearson’s(r)
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n

The communication between the parties involved in the execution of the domotics
is good in our sector and domotics is integrated in new projects in an early stage in
our sector.

**p<.01, *p<.05
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Table 4.2.4: Correlations statements regarding experience with domotics (per sector) (above 0.40)
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1.
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Table 4.2.5: Correlations statements: Implementation domotics (per sector) (above 0.30)

1. In this sector there is an interest in domotics.

5. Integration

2. Domotics has sufficiently developed to be implemented on a large scale.
3. In this sector available know-how about the opportunities of domotics is quite limited.
4. In this sector is being invested in the development of domotics
5. The government is positively involved to put domotics on the map.
6. Domotics are thought to be too expensive for large-scale implementation.
7. Nothing is happening in the field of domotics because decisive actors are not taking the initiative.
8. It will take at least one more generation before domotics will really be accepted in this sector.

171

4.2.4 Conclusions

11. End-users and caregivers have different needs concerning domotics applications.
**p<.01, *p<.05

6. Conclusions

9. There is sufficient supply of useful domotics applications.
10. Domotics systems had been tied for a long time to specific suppliers and projects; this, however, is changing now.

With regard to Belgium and Germany, relatively few Belgians and Germans indicate
that domotics has made progress in implementation. The French believe that little
progress has been made in the implementation of domotics in their own country. Finally, in the Netherlands, professionals indicate that domotics has made some progress
in its implementation. In general, it seems that professionals view the progress of the
implementation of domotics more negatively in their own country than the professionals of other countries.
With regard to the sectors, the professionals find that the construction (33%) and technological (26%) sector have made the most progress with the implementation of domotics. It is important to realise that the technical sectors (34%) are more often seen
as the sector that has made the most progress than the construction sector (20%). Concerning the sector that made the most progress in the implementation of domotics,
there is a difference in opinion between respondents who work in different sectors
(χ2=42; df=10; p<,01; Cramer’s V=0,30). Professionals from the construction sector
clearly indicate that the construction sector has developed the furthest regarding the
implementation of domotics. This is apparent because 42% of the professionals from
the construction sector believe this, in comparison to the 21% of professionals from
the technological sector and the 23% of professionals from other sectors who share
this opinion. Likewise, professionals from the technological sector point out that the
technological sector has made the most progress. While 51% of the professionals from
the technological sector believe that the implementation of domotics has booked the
most progress, 14% of the professionals from the construction sector feel the same way
along with 23% of the professionals from other sectors. While professionals are more
negative about the progress of the implementation of domotics in their own country,
they are more positive about the progress of domotics in their own sector.

Figure 4.2.11: The most promising applications (n=268)
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split up in the average of all the professionals and the average of professionals from the specified country

Figure 4.2.9: Ranking implementation of domotics in different sectors (n=210)

Figure 4.2.10: Surplus value of the domotics applications in house now and in the future (n=260)
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According to professionals, wealthy individuals form the most important target group
of domotics (38%), but they expect that this group will cover about 3% of the market
in the future. Young families (18%) and seniors (26%) are named as the most important future target groups.
A large majority, 80% of the professionals, find that it is very useful to involve endusers in the implementation process of domotics.
Table 4.2.8: Opinion on amount of insight available within organisations into the needs of the end-user (per
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(FUTURE) TARGET GROUPS OF DOMOTIC HOMES

4.2.3 Analysis

The expectations regarding the use of domotics in different sectors are as follows. Of
all the professionals, 72% think that the use of domotics will increase the coming five
years. 6% feel that this is not the case, 22% of the respondents do not know. There are
no significant differences between the expectations of different sectors.

3. Seniors’ Needs

(n=270)

4. Professionals’ Perspectives

Table 4.2.7: Expectations about increase in use of domotics in the coming five years – split up into countries
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FUTURE EXPECTATIONS OF DOMOTICS
Professionals estimate that the current surplus value of the application of domotics
in houses and the possible surplus value in the future will be about the same. Figure
4.2.10 shows one clear exception. 65% of the professionals see the increase of comfort
and the conservation of lifestyle as the future surplus value of a domotic home.
According to the professionals, the most promising domotics application for the future
is the application of automated temperature control (Figure 4.2.11). More than half of
the respondents, 57% indicated that this is a promising facility. Other applications that
they view as opportune, are facilities for automated lighting and roller shutters, awnings, and curtains.
Three quarters of the respondents expect that the application of domotics will increase
in the next five years. Only 5% thinks that this is not the case (Table 4.2.7). Significantly more Dutch (91%) and French (84%) professionals significantly more often
indicate that they expect the use of domotics to increase in the future (χ2=19; df=10;
p<.05; Cramer’s V=0.19).

The largest group of professionals (60%) assume that there is a good or even optimal
amount of insight available into the needs of the end user within their organisation.
Nevertheless, this means that 36% of the professionals find that they do not have
enough insight in the needs of the end user. The indicated knowledge does not differ between sectors, but it does between countries (χ2=46; df=25; p<.01; Cramer’s
V=0,18). From Table 4.2.8, it seems that professionals working in Germany (6%) and
the Netherlands (8%) do not very often state that they have an optimal insight into the
needs of the end user while the average is at 18%. Besides, in Germany, 46% of the
professionals feel that their organisation does not have an adequate insight into the
needs of the end-users. In the Netherlands this percentage is 63%. These percentages
are substantially higher than the average of 36%.

Figure 4.2.11: Method in which this insight has been achieved per organisation

The professionals were also questioned about the extent to which their sector has insight into the needs of the occupants of the domotic home. The insight of professionals from different sectors does not differ significantly. Professionals assume that their
own sector has more insight into the needs of the end-user than their own sector (60%
compared to 36%).
Figure 4.2.11 shows that the vast majority of professionals declare that their insight
into the user needs of domotics is attained from their own experiences, projects they
have been involved in, or their own research into this matter. Remarkably, only 4% of
the professionals gain their knowledge on needs through conferences.

176

Germany

France

Netherlands

Spain

Other

Total

32%

39%

52%

25%

32%

29%

36%

Government

27%

10%

20%

25%

42%

29%

25%

Entrepreneurs

18%

8%

17%

22%

4%

21%

14%

End-users

5%

22%

2%

19%

18%

11%

14%

Other

18%

8%

4%

6%

0%

4%

6%

Healthcare sector

0%

8%

2%

3%

2%

4%

4%

I do not know

0%

4%

2%

0%

2%

4%

2%

Total

100%

100%

100%

100%

100%

100%

100%

Distribution of the EU-stakeholders by sector and country
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It is obvious that, according to experts from different countries (Table 4.2.9), the construction sector (36%) should show more leadership with the introduction of domotics
(χ2=50.5; df=30; p<.05; Cramer’s V=0.21).
Entrepreneurs are mentioned as important promoters relatively few times. Spanish
professionals (42%) state that the government is the most important promoter of the
introduction of domotics.
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(n=227)
Construction Sector
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Tabel 4.2.9: The initiators for the introduction of domotics according to the professionals (per country)
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A glance at the list of the top ten challenges of domotics (Figure 4.2.4) is enough to
show that the construction sector is decisive for the breakthrough of domotics; three
out of ten problems concern the construction sector. The application of domotics is
aimed too much at new housing projects (33%), a shortcoming in the required infrastructure of the house (29%) and the integration of domotics into the construction
process (26%).

4. Professionals’ Perspectives

D. RESPONSIBILITY OF THE BUILDING INDUSTRY

Conclusions

4.2.4

The three research sub-questions (SQ 3,4 and 5) about this section of the study are
elaborated in an online questionnaire distributed among EU professional stakeholders.
These sub-questions were about (i) the assumed benefits and implications of merging
of domotics technologies in domestic settings for the independently living of the older
adults; (ii) the development in the field of domotics progress and why are domotics
not implemented in houses more often; (iii) the way that architectural engineering can
facilitate domotics in the homes.
The implementation of domotics is progressing slowly, 67% of all the respondents indicate that the implementation of domotics is progressing slowly in their country. The
slow implementation of domotics in these countries is, according to the professionals,
mainly caused by the unfamiliarity with domotics (74%), the fear for loss of control
(72%), and the high costs of domotics (59%).
These conclusions correspond with the findings of Dutch experts in the qualitative section of the chapter. However, the research amongst seniors (Chapter Three) shows that
they are quite familiar with current domotics applications and possibilities. This does
not mean that seniors know everything there is to know about domotics, but it does
show that the promotion and dissemination activities of the past few decades have had
some effect and the assumption of the professional in this regard does not correspond
with the results from the demand side.
This is happening while the largest group of professionals (60%) finds that their organisation maintains a good or optimal insight into the needs of the user. Strikingly,
the vast majority (85%) of those people state that this insight has been gained from self
initiated project (65%) or even research carried out by the organisation itself (20%).
For this reason, the objectivity of this insight is questionable.
But from research carried out towards seniors (Chapter three), it seems that seniors are
momentarily not prepared to adopt domotics.
Domotics does not fit into an individual’s lifestyle and, or, perceptions must be accepted and the removal of resistance should only be sought after when absolutely
necessary (physical or psychological barriers).
Suppliers of domotics are particularly responsible for the instigation or continued existence of these psychological barriers by hardly allowing any involvement of the end
users in the implementation process, by offering little services when it comes to connecting specific user needs, and by offering insufficient service and follow-up services
after the delivery of domotics products.
Even though 80% of the respondents think that the end user must be involved in the
implementation process of domotics, this matter is not mentioned as one of the top ten
barriers of the implementation of domotics. User friendliness is also one of the characteristics of the domotic homes as mentioned by only 9% of the respondents; while
the professionals consider energy management, flexibility, and integration as the most
important characteristics.
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Figure 4.2.12: unbalanced see-saw of the promises and challenges of domotics, and the influence factors: tech-
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Yet aside from the current slow pace of domotics, only a very small group of the
professionals think that the implementation of it will not increase in their country
(5%). The pattern of expectation differs between professionals from different countries. Dutch and French professionals indicate more often that they expect that the use
of domotics will increase. Similar to the expectation of the increase of the implementation of domotics in their country, about three quarters of the professionals feel that the
implementation of domotics in their sector will increase.

6. Conclusions

Professionals assume that the implementation of domotics will still take one generation due to the high price (r=0.30; p<.01) and the fact that the most important actors
do not take the initiative (r=0.33; p<.01). Professionals who consider that nothing is
happening with domotics find that insufficient know-how about the possibilities of
domotics is a cause of this (r=0.22; p<.01).
The government plays an important role here. Professionals think that nothing will
happen in the field of domotics if the government does not take any positive steps in
the development of it (r=0.28; p<.01) and when the government tries to raise interest
in domotics, the sectors will also invest in it (r=0.31; p<.01).
In comparison with the others, professionals from the construction sector assume that
government is insufficiently showing initiative in the innovation process of domotics
(M=3.74); while according to their opinion domotics is developed enough to be implemented on a large scale (M=1.98).

4.2.3 Analysis

nology, society, trends, and policies.

Almost three quarters of the professionals indicate that their organisation is actively
stimulating the implementation of domotics. Professionals in different countries indicate to different degrees that their organisation stimulates domotics actively. Remarkably, relatively few professionals from German organisations indicate that their organisation stimulates the implementation of domotics, and often state that it is not true.
The interested sectors assume that domotics is ready for the large-scale implementation (r=0.38, p<.01) invest in the development of domotics (r=0.24, p<.01). Sectors
that invest in domotics also think that domotics is developed enough to be implemented on a large-scale (r=0.29; p<.01). Sectors who have little know-how of domotics
suppose that it is too expensive to be implemented on a large scale (r=0.23; p<.01), in
other words, there is a relationship between the know-how and the perception of the
costs of domotics.
Professionals also find that domotics is developed enough to be implemented on a
large scale and find that there is a sufficient supply of usable domotic applications
(r=0.25; p<.01); this is related to the fact that the domotic systems are becoming less
supplier and project oriented (r=0.23; p<.01).
De added value of domotics for the home now and the possible added value in the future is usually estimated quite equally, there is one clear exception. Professionals see
domotics adding value more often in the future in order to improve energy efficiency
and comfort. According to the professionals, the most promising future domotic application is the automated temperature control. Professionals think that by far the most
important condition for the implementation of promising domotic applications is the
reduction of price and besides that it is important that the view of the financial benefits
of domotics improves and that the demand from society increases.
According to professionals, the implementation of domotics has advanced the most in
Germany. There are often differences in the opinion of professionals with regard to the
extent to which domotics is implemented in different countries. The Belgian and German professionals seldom indicate that progress has been made in the implementation
of domotics in their country. The French professionals often indicate that little progress
has been made in France regarding the implementation of domotics. Finally, Dutch
professionals often indicate that a reasonable amount of progress has been made in the
implementation of domotics in their country. In general, professionals from a certain
country seem to be more negative about the implementation of domotics in their own
country than those who do not live in that country. As far as sectors are concerned, the
professionals find that the construction and technological sector have made the most
progress in the implementation of domotics. Professionals from the construction sector significantly more often indicate that their sector has made the most progress in
the implementation of domotics. Likewise, professionals from the technological sector
also state that they have made the most progress in the implementation of domotics.
While professionals seem to be more negative about the implantation of domotics in
the country where they work, they are much more positive about the implementation
of domotics in the sector in which they work.
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Based on the perception of these professionals and the conclusion of the user-needs
analysis (Chapter three) and analysis of Section 2.4, it can be stated that an unbalance
between promises and challenges of domotics is present at the moment (Figure 4.2.12).
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4.2.3 Analysis

Although professionals in different sectors do not significantly differ in opinion about
who should be the initiator with the introduction of domotics, there are still several interesting differences. For example, professionals in the construction often indicate that
the building sector should take the lead in the introduction of domotics. In retrospect,
professionals from the technological sector relatively often state that entrepreneurs
should be the initiators. In contrast to the professionals from different sectors, professionals from different countries do give relatively different answers to the question of
who should take the initiative in the implementation of domotics. Professionals from
France indicate more often that the construction sector should be the initiator. Besides
that, Professionals from France and Belgium seldom indicate that the end-user should
take the initiative. Entrepreneurs are also seldom mentioned as the most important
initiator by German and Spanish professionals. Finally, professionals from Spain have
stated that the government is the most important in taking the initiative for the introduction of domotics.

5. Integration

The professionals are less positive about the extent to which insight exists into the
needs of the end-user in their sector. Only more than one third of the professionals
indicate that this is true. A large majority of the professionals does consider the involvement of end-users in the implementation process as very useful. The professionals have indicated in which of the profiles and to the extent of progressiveness their
organisation finds itself in within the development of domotics. It seems that they view
their organisations as precursors: “the organisation that I work for is well informed of
the developments of domotics and is the frontrunner in taking up these developments.
Domotics is the unique selling point of our organisation.” Belgian and French professionals indicate a little more often that they find themselves in the pioneer profile. The
German professionals relatively often state that they work for an organisation which
is moderately informed of the developments in the field of domotics, but that they will
start paying more attention to this when other organisations get more involved. Finally,
The Spanish and Dutch professional often indicate that their organisation fits best in
the runner up profile to the most progressive in domotics.

6. Conclusions

It seems that by far most of the professionals that have been involved in this research
work in an organisation that focuses on creating “smart” domestic environments by
utilizing domotics. The majority of the professionals find that there is a good or even
optimal insight present within in their organisation into the needs of the end-user.
Nevertheless, more than one third of the professionals state that they do not have a
good image of the needs of the end-user. Professionals working in Germany and the
Netherlands relatively seldom indicate that they have optimal insight into the need of
the end-user.

CHARACTERISTICS OF THE DEMAND-ORIENTED DOMOTIC HOME
The functions and applications of domotic houses must fulfil the requirements of the
key stakeholders. Research carried out into the needs and attitudes of the target group
(Chapter three) and perspectives of professional stakeholders (Chapter four) form the
deciding factors and quality aspects for research and development of a domotic home.
The characteristics of domotic homes are actually basic principles of good design
(Caloz, 1989); it all concerns good engineering and function oriented approaches. The
following characteristics of domotic homes can be derived based on these empirical
investigations and findings from the literature study (Wallis et al., 2009; Nasar and
Evans-Cowley, 2007; Himamen, 2003).
The following characteristics need to be thoroughly discussed before starting the construction process. Involvement of all key stakeholders with particular inhabitants in
this process is essential.
Social Characteristics:

These characteristics concern the existential dimension of home which refers to the
tangible and intangible aspects of living in a domotic home (Chapter two).
User needs and requirements should form the basis for the development of domotic
homes. To what extent products fulfil the needs of seniors and match their lifestyle
forms the essential requirement for the adoption of domotics when viewed from a psychological and physical perspective. Some aspects of this characteristic are: aesthetics,
the sense of safety and wellbeing, reliability and credibility, privacy, etc.
(Building) Technological Characteristics:

These characteristics concern the “product” domotic home which deals with the utilitarian dimension of home (Chapter two).
Almost 25% of the professionals indicated that these technical characteristics are one
of the most important aspects of domotic homes. It can be divided into two sub-system
characteristics regarding the technology and its implementation in the building, and
the guidelines and norms involved in both cases.
The following criteria play an important role in this respect: construction and operational efficiency, enhanced management and control, enhanced occupants functionality, higher reliability and safety, accessibility, serviceability, and ability to offer care,
flexibility and adaptability: adaptive re-use of existing facilities, planning for choice
and adaptation, simplicity and user friendliness, improved comfort, and health and
wellbeing (hygiene, ventilation, air and light, acoustics).
Organisational Characteristics:

Organisational characteristics concern the process of design and development of intelligent homes such as: political and administrative decisions, management, planning,
installation, service orientation, control. It is about enhanced management for not only
the occupant but also for the caregivers and for the volunteer aid workers employed in
case of special housing for the elderly.
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Environmental and Financial Characteristics:

The professionals view sustainability and energy management as the most important
characteristics for the domotic homes of the future. This does not play an essential role
in the case of the (potential) occupant of domotic homes.
However, this characteristic can lead to both operational efficiency and energy efficiency and it can enhance the functions available for occupants as well. Life cycle
costing or the cost for the exploitation of the building must be examined.

Space has the power to condition Behaviour and
form personality [...] the environment affects our
emotions, feelings, and reactions.
Scuri, 1995

Part III

Integration of Domotics

Since intelligent devices and services increasingly enter into the
senior citizens’ daily activities and their homes as well, the actual
problem is not the creation of these innovative products, but the
integration and interaction of them with the living environment
This part of the study focuses on this matter.

Pure gathering of knowledge is not enough. The
knowledge also has to be realized, interpreted, critically examined, and implemented into the buildings.
Not until then the research process delivers a real
contribution to the social and cultural development.
When achieved, it appears in the encounter between
research and practical reality, and material steps for
genuine change can be realized.
Gromark, 2000 in Junestrand, 2004

Integration

Chapter

5

DCA-Homes

In this study, the desired functions of intelligent domestic settings and the available
technology are brought together, i.e. the attitude and demand are related to the alternatives on the supply side and thereupon translated into the characteristics of senior
housing. In this chapter, the stakeholders’ perspectives, both professionals and the
elderly, are translated into attributes of integrated and domotic homes.
To this end, a solution has been developed on an experimental basis, which integrates
the domotics infrastructure into existing houses. This product, the DCA-Wall, has been
implemented in two pilot homes. The product satisfies the criteria for demand-oriented
domotics as well as the choice possibilities, options, and architectural implications.

Introduction

5.1

The problem concerning shortage of the suitable houses for seniors and retrofitting of
the existing stock has already been discussed in chapter one (Section 1.1). On the other
hand, the amount of new housing projects is decreasing. Thomson (2006) stated the
following: “We are on the brink of a major housing shortage. The amount of housing
projects is declining, the current stock is aging, but the demand for housing is increasing.” Compared to new houses, the existing ones are more likely to have poor conditions and outdated infrastructure. In some cases, only a few adaptations are needed to
improve the quality of these dwellings, but in other cases a total retrofit of the dwelling
is required. Recently, many studies have been done with regard to the general adaptations in dwellings, which have lead to various developments in the field of accessibility of the dwelling and implementation of technological aids such as stairway lifts and
support brackets, the standards of these products can be found in diverse handbooks.
In order to meet the demands of the seniors, the focus has been on the adaptation of
the existing houses to make them suitable for this target group. These adaptations will
enable them to live independently for a longer period of time.
One aspect can be attained by means of the implantation of domotics in the existing
senior residents’ homes. The infrastructural facilities regarding domotics which have
to be implemented in an existing dwelling are still a great challenge; it concerns the
method of installing cables, hiding appliances, etc. In this respect, one speaks of creating (architectural) solutions and, “technologies to hide technologies” (ECTP, 2008),
which means, “to the user the globalized convergence of networks, wired and wireless
connections, etc.” The ultimate goal is to give the benefits of technology to the end
user without encumbering the end-user with the system’s complexity.
This is also evident from research done by specialists into the perspectives of domotics
(Chapter four).
Obviously the integration of domotics in the house calls for an integrated approach by
the key stakeholders. In such complex processes, the needs of senior citizens can easily be overlooked.
Elliott (2009) describes the following systematic procedures for an integrated design:
(i) defining what the stakeholders want is an interactive process; their demands have
to be aligned with the available and affordable technology; (ii) stakeholders’ demands
have to be translated into specifications for what to build. Products are likely to be
designed, built and tested separately by different people or different companies and
the interface specification defines the environment for their element; (iii) the elements
must be combined and tested as a system, after having tested each element on its own.
The focus of this project lies on the improvement of self-reliability, living comfort,
and wellbeing of the resident. In the research towards discovering the needs, the factor
“improving living comfort” received a very high score. Comfort does not have to be
equal to “luxury” here. Sometimes, with small adaptations and detailing, things which
do not increase costs, can significantly improve the comfort of the dwelling.
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This research question is divided into two sub-questions:
SQ6: In which way do the existing domotics applications meet the needs of seniors?
SQ7: In which way can a new product facilitate domotics to meet the needs of seniors?
The first sub-question (SQ6) has already been answered in chapter 3 of this thesis.
Consequently, this chapter will thoroughly discuss SQ7 and provide solutions.
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2. Dweller, Domus, Domotics
5.2 Method

5. Integration

This study focuses on answering the following research question:
RQ3: In which way can domotic homes contribute to fulfilling the needs and affinities
of the senior?

3. Seniors’ Needs

DCA-project focuses on maintaining and enhancing the quality of living over time, as
related to environmental variables, and individual lifestyles.
A case study forms a notion to a certain problem or phenomenon; it does not mean
that the case study depicts the only solution (Flyvbjerg, 2006; Yin, 2009). This case
study is a trail-period; an example of translating needs of the occupant into a building
product that attempts to solve infrastructural problems in existing homes.
“DCA-homes” is a concept that includes both infrastructural and technological applications for the retrofitting of existing constructions and new developments that aim to
provide the senior with support in well-being and healthcare. The objective of the case
study is to model the structural alterations for the installation of domotics technology.
Thus, this concept is a basis for the enforcement of extended independent life due to
the fact that it includes a flexible basic infrastructure for the embedding of domotics.
Furthermore, extra domotics facilities and applications can be added later on. The basis of the concept is flexibility and expandable construction, flexibility goes hand in
hand with multi-functionality.

4. Professionals’ Perspectives

A case study was developed for this project (2007 – 2008), of which the author of this
thesis was project manager. The case study will be described in this chapter.
Professionals from diverse organisations (housing corporation, healthcare, domotics
technology, and academic research) and potential end-users were involved in this pilot
project. Extensive research is done into the ways that architectural facilities could be
employed to enable seniors to age-in-place while maintaining their own lifestyle. Using integrated architectural adaptations, this sub-investigation brings desired functions
(demand) and domotics technology (supply) together in the dwelling. This concerns
research, design, and development of a building product and to implement the domotics infrastructure into a dwelling. The result is a product that makes the integration of
domotics into the existing stock feasible without disturbing the pattern of the occupant’s daily living.

5.3 Development DCA-Wall

The Dynamic Comfort Adaptations (DCA) project is funded by the Province of NorthBrabant (Dutch Provincial Government) and European Regional Development Fund
(ERDF), with the project management of Brabant Development Agency (BOM) within the framework of the program IAB III.

6. Conclusions

PROJECT DCA-HOMES

Methods

5.2

In this sub-investigation, desired domotics functions and available technology will be
brought together, in other words, the needs and attitudes of the demand-side are related
to the options available on the supply-side and translated into characteristics of a senior dwelling. The identification of practical functions and domotics applications are
derived from the analysis and synthesis of empirical studies done towards the needs
of seniors and knowledge gathered by means of literature on perspectives of specialists. In this case study a product was developed on an experimental basis to integrate
domotics infrastructure into existing homes.
A case study involves an in-depth, longitudinal examination of a case, rather than using samples and following a rigid protocol to examine variables. Flyvbjerg (2006),
and Yin (2009) define a case study as a systematic way of looking at events, collecting
data, analysing information, and reporting the results. This method demonstrates the
existence of efficient and achievable solutions for upgrading an existing home. Simultaneously, the case-study also gives an insight into the complexity of coordination
between stakeholders.
This section builds on what the “Slimbouwen” approach has achieved regarding flexibility and efficiency in the field of aging-in-place. Slimbouwen (Lichtenberg, 2005)
has been developed in order to tackle societal problems that where caused by the construction sector, and reorganizes the building process in such a way that work will be
done more efficiently. Lichtenberg (2005) describes this approach as:“an integral vision of building and a system of notions and guidelines on a strategic level.”
The vision is geared at both a meso (adaptable living concepts) and micro (building
products) level. This approach has given priority to certain investigations with larger
societal interests including research into building for healthcare and the efficiency of
such a built environment due to aging.
Flexible and adaptable buildings are sustainable, because they can provide the demands of different types of households on a long term basis (Habraken, 1973,1985;
Hilhorst, 1997, Erkelens, 2009, Post, 2000). In this way, adaptations can be made with
the change of the residents’ function due to aging. Aging and poor health can increase
the need for, either temporary or permanently, domotics solutions.
However, flexibility is not only meant for compensation for shortcomings or poor
health. Experts in the field must keep in mind that a great deal of (active) seniors does
not need domotics for these reasons (Chapter 3). In that case, it is not so much about
functional compensation, but about meeting other needs by providing new functions.
An example is the signalled need for ease in a home, which does not have a direct relation with functional shortcomings. By implementing new functions geared at comfort,
value is added to the home.
According to Hilhorst (1997), flexibility can be achieved in two ways: i) by making
the floor plan of the dwelling and the dimensions of the rooms useful in multiple ways;
and ii) by building in such a fashion that the floor plan and facilities of the dwelling
can be adapted to meet the demands of the (future) resident with as little constructive
interventions as possible.
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The goal of this case study is to integrate domotics into an existing home in such a
way that the product meets the daily living pattern of the seniors. In order to achieve
this, the product must meet the technical (flexibility, adaptability, standard), as well as
economic, social, and ergonomic specifications.

3. Seniors’ Needs

Finally, a building product which matches the demand- and supply-side and possibly
contributes to the improvement of the quality of a senior home is examined.

4. Professionals’ Perspectives

Lichtenberg (2005) adds that in order to increase the flexibility of a building, it is
important to take into account the open planning, infrastructure, and accessibility of
necessary facilities right from the start. With such a policy, embedding flexibility must
start in the first step of the building process and not later on. Everything that occurs in
one step of the process has direct consequences for the next step. This also works the
other way; a design decision which is made in one step of the process can destroy the
benefits of any previous steps. However, this sequential division of the building process need not only be achieved by applications in the production stages. Whether this
new building process is successful starts with the first designer meeting. In brief, the
Slimbouwen process must be implemented from the first step in order to ensure that
the right decisions are made and that flexibility will be implemented in the design the
best possible way.

Development DCA-Wall

5.3

The approaches and principles named above, together with the needs and demands of
seniors, form the pillars on which the case study “Dynamic Comfort Adaptations in
the House for the Older Citizens” is built. A product was developed in this case study
for the integration of the domotics infrastructure in existing homes and with that, the
enhancement of quality of housing, the so called: DCA-Wall.
Product development can be considered as the particularization of the term “innovation.” Rijcke (2000) stated that a product is a gathering of different tangible and intangible attributes that can be sold on a market and together they gratify one or more
needs. The collections of these tangible and intangible aspects lead to the user’s positive or negative attitude and experience. Each product possesses both technical utility
(functionality) and emotional value (meaningfulness), the extent to which these two
are important, can vary greatly from product to product. The user experiences a product as a “problem solver” (Rijcke, 2000); the benefits and functions of the product are
important to them, not the product itself and the technical characteristics of it.
It is clearly stated in the literature that diverse dimensions can be distinguished from
a product. Rijcke (2000) distinguishes three dimensions for the quality of a product:
functionality, sustainability, and ergonomics. Dirken (1997) distinguishes five functionalities for a product: technical functionality, cultural functionality, ergonomic
functionality, commercial functionality, and ecological functionality. Technical functionality concerns the use of materials, bonding techniques, production methods, etc.
Cultural functionality implies products that connect the lifestyle of users as a supporter
of norms, values, and beliefs, or the product provides the owner with social status.
This implies that the image of domotics can be regarded as a product’s cultural value.
The first steps of product development are geared at the improvement of functionality
(Woodring, 1987; Buijs and Valkenburg, 2000). Eger (2007) states that functionality is
the most important item during the product development process. Besides functionality, the product may obtain other values for the user.
A literature review reveals that a great deal more is involved in product development
than just the technical aspects (Hultink and Schoormans, 2004; Poelman, 2006; Eggen,
2005; Rijcke, 2000); hence, research into the needs of the user is indispensable (demand-oriented approach). During research into product development, Attention must
be paid to the success and failure factors of a project (Lichtenberg, 2005). Several
factors are named in the literature which are decisive for the success or failure of a
product. Some of these factors include: tangible (technological) resources, financial
resources, organisational arrangements, human processes, and human resources. Desired functions of the product can be clarified through the research and analysis of
these factors.
Hence, in order to describe the product development process, diverse models have been
developed (e.g. Cross,1995; Burgers and Kense,1991; Pahl and Beitz, 1996; Roozenburg, 2002; Lichtenberg, 2002). Burgers and Kense (1991) distinguish between six
phases in the product development process: (i) the generation of ideas; (ii) screening
of ideas; (iii) development and testing of the concept; (iv) formulating preliminary
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In this case study, the development of the product was mainly aimed at the strategic phase, creation phase, and development phase of the four phases of Lichtenberg
(2002).
It must be noted that the product development structure (Figure 5.2.1) is based on the
research problem and that the departure point is not business orientated. The development of the DCA-Wall concerns the creation of a working solution for the research
problem, not of entrepreneurial success.
The strategic phase regards the formulation of the developmental goal; during the
creation phase, the product is designed, and in the developmental phase the product is
tested and optimized. Keeping the criteria in mind, various ideas and design proposals
were made during the creation phase and one proposal was selected. This product proposal was subsequently detailed and worked out into a prototype. In the development
phase, tests were done, after which the product was implemented in two experimental
homes.

4. Professionals’ Perspectives

PRODUCT DEVELOPMENT PHASES DCA-WALL

5.3 Development DCA-Wall

marketing strategies; (v) financial analysis; and (vi) technical developments of the
product, testing the product on the market, bringing the product to the market.
Lichtenberg (2002) distinguishes four main phases within the product development
process: (i) the strategic phase; (ii) the creation phase; (iii) the development phase; and
(iv) the realization phase.
To ensure an effective and efficient product development process, Lichtenberg’s
(2002) four-phase plan is followed in this investigation. According to Roozenburg
and Eekels (1991), not every project needs to run through all the phases of the product
development process. Due to the short realization time of the DCA-project and the fact
that this research was geared at scientific and social goals, the dissemination and commercialization of the product were not necessary in this case study, the focus therefore
lies on the first three phases.
However, due to social interests and interest from the industries, a follow-up project
was proposed for the realization phase and the diffusion phase, the phases in which
the product is further developed and introduced onto the market. Nevertheless, this is
beyond the scope of this thesis.
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The goal of the strategic phase of the product development process is to systematically
develop a project definition. Resulting in criteria for product ideas developed in the
creation phase (Lichtenberg, 2002). These criteria were derived by translating domestic needs to performances (Chapter 3).
This phase contains several sub-phases, derived from Lichtenberg’s (2002), and is
described as follows:
• the establishment of the project organisation;
• translating needs to performances and solutions (Design requirements and schedule of requirements); and
• a SWOT1 analysis of existing products and solutions.

5. Integration

A. STRATEGIC PHASE

Figure 5.2.1: Structure of the product development process DCA-Wall
(Based on Roozenburg and Eekel, 1991; Lichtenberg, 2002)

PROJECT ORGANISATION
The research group has a multidisciplinary setup and has integrated expertise on areas
such as care, living, and technology to its disposal.
For the case study, three teams were assembled: the organisational team, the think tank
group (project partners and focus group), and the realization team. Together, they form
the project group.
The Eindhoven University of Technology (TU/e), as secretary of the project, is represented by Prof. Dr. Ir. J.J.N. Lichtenberg and Ir. M. Mohammadi.

THE RESEARCH TEAM
This team consists of a project manager (the author of this thesis) and master students/
graduates of the TU/e.
During their product development project, master students from the TU/e Department
of Architecture, Building and Planning did explorative research into the state-of-theart of products and solutions for the application of domotics in existing homes. The
developed characteristics of domotic homes formed the basis for this analysis.
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This team consisted of representatives from a company in the field of domotics, a
product design engineering office, an office for product development and manufacturing, and the TU/e as a knowledge institute and project leader. This team is responsible
for the technical development and actual realisation of the project. External experts
that were involved in the realisation of the product are assembly managers, researchers (tests and experiments) and diverse engineers in the area of sub-products (lighting,
faucets, electrical heating, etc.).
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THE THINK TANK GROUP
The think tank group in this investigation consists of a team of project partners and
the focus group of seniors; both groups have been involved in the study from the beginning. The focus group described earlier (Chapter three) operated as an enforcer of
quality and a checkpoint for the results of the investigation from the demand-side and
gave feed-back on sub-aspects within the period of two years.
The steering committee, a cohort of industrial partners, represented the key professional stakeholders of the automated home (Chapter four): Residential Care Corporation
(Vitalis Woonzorg Groep), technology and service organisation (Home safety), domotics technology (Isolectra), building strategies (Stichting Slimbouwen), and knowledge
institute (Eindhoven University of Technology). The committee members contributed
input from their own discipline; their most important tasks consisted of: drafting the
criteria, reviewing ideas and proposals, and giving feedback on the students’ designs
(Pelsmacker and Kenhove, 2006).

DESIGN REQUIREMENTS
The functional or core-product is not so much a technical or physical product as it is a
fulfilment of the function of a product that meets the needs of the user. To make suitable designs, the relations between needs (why), functional performance (how), and
technical performance (what) must be known.
This paragraph is about the relation between the housing needs of seniors (Chapter
three) and the integration of domotics. The users’ needs are assessed carefully; these
needs are then translated into users’ requirements. The process of translating the demand to building products for domotics is carried out in this chapter by means of the
previously described method: activities-space-goal, user needs elaboration (Chapter
three, Figure 3.1.).
Evidently, the analysis of “activity-goal-space” exposes the relevance of the existing
domotics devices and applications and the performances must be mentioned in combination with needs and problems.
In the product development phase, these needs are translated into appliances and new
building products geared for aging in place. The MU matrix is used as a reference
framework in order to ensure that the solution does not constrain other needs. Keeping in mind the needs indicated by the MU matrix, an analysis was made into the way
these needs can be linked to the performances of the product. Problems point to difficulties when activities are carried out in different spaces resulting in the goal of the
activity not being achieved. The problems indicated during the performance of daily
activities have been split up into categories regarding problems with “body functions”
and problems in the person’s current environment with the help of ICF (Figure 3.0.1).
This case study focuses on the “problems in the senior’s current living environment.”
From the point of view of efficiency, possibilities to combine multiple needs in one application are being investigated. The combinations of these needs led to finding omissions; in other words, needs for which no adequate solutions exist yet (Table 5.2.1).
According to this assumption, from the perspective of the demand-side, the required
functional characteristics of the necessary solutions were formulated. Performances
are not so much presented by the demand-side due to the lack of knowledge of all
the possibilities, instead, they come forth from literature or specialists working in the
supply-side, who have a good overview of these possibilities. Based on these performances, ideas are generated in the product’s creation phase. These performances have
also become the basis for the SWOT analysis of available products, which is discussed
in the next paragraph.
The needs and problems that are named by the focus group, which led to the DCA-Wall
product, are described below: i) the product meets the needs for order and neatness, ii)
the need for freedom in spatial arrangement, iii) needs for being able to perform ADL
activities iv) the need for thermal comfort, visual comfort, acoustical comfort, and rest.
These needs are discussed on the next page:
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A product that meets the need for thermal comfort, visual comfort, acoustical comfort,
and rest.
Improving comfort seems to be an excellent way for domotics applications to gain the
trust of seniors (Mohammadi and Erkelens, 2008). The members of the focus group
indicated that they appraise products that improve comfort and reduce discomfort. The
problem of noisy old houses has often been mentioned. The report “Planning for the
Majority: the needs and aspirations of older people in general housing” (Appleton,
2002) confirm that the need for affordable warmth assumes a high priority for older
people. In the current living situation, cold spaces, especially the living room, are an
often mentioned problem. Seniors answered to this problem by stating that this issue
will always remain present and that the only solution is to move out.

5.2 Method

(iv)

3. Seniors’ Needs

A product which answers the need to be able to perform ADL activities optimally. Sockets and Internet connections which are placed too high or too low (especially in the living room and kitchen) are a danger for seniors and moreover, cause discomfort.

4. Professionals’ Perspectives

(iii)

5.3 Development DCA-Wall

A product which addresses the need for freedom in spatial arrangements and safety.
Different studies (Hilhorst, 1997) show that too few sockets along the walls in the rooms
can lead to the use of multiple extension cords, which does not only look cluttered but
is also a falling/tripping hazard.

5. Integration

(ii)

5.4 Conclusions

A product which answers the need for order and neatness
The focus group investigation indicated that the seniors feel that domotics applications
in an existing home often disturb the aesthetic image; cables often run along walls and
are in plain view, which spoil the aesthetics of the home. This problem is solved by the
activity: “hiding cables in the home in order to add new applications invisibly,” as indicated by the respondents.
The way in which infrastructure for domotics applications is installed, is decisive for
the acceptance of these applications. According to literature, it seems clear that this is a
general objection which plays a role in many age groups (Leppänen, 2003).
The application of wireless systems is an attractive option to solve this problem. However, this solution is considered problematic by project partners, especially the specialists from the Housing Corporation and healthcare sector.
Users and corporations also prefer to avoid battery powered applications as much as
possible.
An alternative solution is the development of an architecturally flexible infrastructure
through which cables and wiring are moved out of sight. Habraken (1961) divides a
building into three levels: Urban tissue level; Support level and Infill level. When applying these divisions, the application of domotics in an existing house has consequences
on the Infill level. Architectural modifications to the home must meet the needs and demands of the resident and ought to be flexibly upgraded. Future technological improvements (for example in cabling and wiring) could be simply installed. The difficulty is
knocking holes in the walls. Adding new invisible infrastructure in an existing home
seems to be quite a radical job due to the inflexibility of homes, especially because domotics devices are often installed higher up on walls and ceilings.
Adding a new invisible infrastructure formed the challenge to develop an adequate solution that is applicable in any existing home.

6. Conclusions

(i)

In this context, the Dutch Foundation for Building Research (2002) stated that building regulations will guarantee the minimum level of quality in each home and residential building and that the desire to improve the quality of homes and comfort of living
is increasing.
The mentioned needs and desires form the criteria that are translated into a new product as will be described in the next paragraph. These needs are translated into performances on which the sub-solutions are developed in close cooperation with the experts
(Table 5.2.1).
In short, the following requirements can be expected to be fulfilled by the product:
• Technical requirements:
The objective is to offer an infrastructural solution which focuses on prevention,
flexibility, adaptability, expandability during inhabitation. In this case flexibility
means as many options as possible should remain available for (un)expected future
circumstances. This implies that the structure of the building product must be kept
as universal/generic as possible. Besides structure, the dwelling is a place where
a person lives, meaning that the product must match the lifestyle and residential
needs of the resident. If both aspects, the technical and structural adaptability fit in
the “experience aspect” of the building product, desired “personified” flexibility
has been attained. This product must meet the “umbrella” of construction, building services, and technological standards and guidelines. A product is required
for existing and in this case, occupied homes; this means that the breaking open
of existing walls must be avoided as much as possible. The product must also be
aesthetically acceptable, with the mechanics as invisible as possible.
Multifunctionality is one of the solutions which could influence the chance that a
product is adopted by a potential user. According to Golant (2009), older homeowners are less likely than their younger counterparts to spend money on routine
home preservation, to replace or add major equipment or building components and
to perform major physical alterations. If the product becomes an answer to several
of the senior’s needs, by for example offering more functions, there is a bigger
chance that this target group will accept the product.
Ergonomic requirements focus on the increasing feeling of comfort and the prevention of for example the need for healthcare and are geared at maintaining and
improving the senior’s health.
•

Psychological and ethical aspect:
Domotics applications that are implemented are not only experienced as functional products, but also have an experience aspect. They are required to contribute to
the user’s wellbeing; side effects such as shame must be avoided. In this way, the
inhabitant’s own lifestyle is maintained.

•

Economic requirements:
Due to the fact that the sub-investigation is not explicitly geared at the economic
feasibility, no payback period was calculated and the capital value method (Lichtenberg, 2002) was not carried out.
Considering the economic feasibility of the product for the future, the occupant’s
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some examples of daily activities of the focus group which have been the basis for the design
activity

space

aim

problem

1. Research Design

5.1 Introduction

Table 5.2.1: User needs analysis through activity, space, goal, and problems of the residents in their homes:

storage

order en neatness, safety

tripping over cables

Regarding need to carry out ADL activities optimally
cleaning

living room

hygiene; need to carry out ADL
activities optimally

difficulty bending down to plug in
the vacuum cleaner

Regarding need for freedom in spatial arrangement
living room

convenience / practical / nearby;
relaxation; psychological wellbeing (enjoyment); keeping up to
date / interest; social contact; work;
sociability

connections, cables everywhere

rearranging rooms

all

aesthetics; sociability (hanging up art connections
/ painting); the need for freedom in
arranging rooms

5.2 Method

using the computer,
surfing the web

Regarding need for improving thermal comfort
receiving guests

living room

social contact; sociability (children
visiting) convenience / practical

too cold; steps dangerous for older
guests or grandchildren

cleaning

all

hygiene

too cold; difficulty bending down,
vacuuming, difficulty washing top of
windows

adjusting temperature

all

physical wellbeing / health; psychological wellbeing (good start of the
day);

Front of house too cold when sun
in the backyard, garden doors cause
draught

sitting

living room

psychological wellbeing (private
space); convenience / practical

too cold

illumination of room

living room

sociability; psychological wellbeing
(good start of the day)

non-electrical roll shutters difficult
to roll up

all

all

diverse

not enough light in the old house

administration

living room

social contact

not enough light

reading

living room

hobby; relaxation;

lighting could be better

lighting candles

living room

sociability

illuminating room

living room

sociability

watching movies

living room

sociability; bringing back memories; physical wellbeing / health;
relaxation; psychological wellbeing
(enjoyment)

5.3 Development DCA-Wall

Regarding need for improving visual comfort and relaxation

living room

convenience / practical / nearby;
noise from neighbours
sociability; hobby; staying up to date
/ interest; relaxation; rust; psychological wellbeing (enjoyment; mental
function); work (documents, post)

receiving guests

living room

rest, psychological wellbeing; convenience

comprehensibility ; noise from
outside

working

living room

social contact; psychological wellbeing (enjoyment); sociability

noise, noisy home

5.4 Conclusions

reading

5. Integration

Regarding need for rest and improving indoor acoustical comfort

3. Seniors’ Needs

aesthetics,

all

4. Professionals’ Perspectives

all

tidying up cables
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6. Conclusions

hiding cables

2. Dweller, Domus, Domotics

Regarding need for order and neatness

acceptance is taken into account by the requirement that the product does not
only function as storage space for domotics appliances and infrastructure, but also
offers other functions. This means that this product should be multifunctional.
With the DCA-Wall, which will be described in further detail in the following
paragraph, all cables and piping are hidden from sight; more functions are combined, yet the product contributes to the improvement of the thermal, optical, and
acoustical comfort.

SWOT
In order to gain a better picture of the best-practices during the strategic phase, a
SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis has been used (e.g.
Buijs, 1984) which is an often used instrument during the preparation phase of the
product development process (Buijs, 1984).
The SWOT analysis consists of an internal and external portion; because there was no
company or entrepreneurship involved in this project, only an external analysis was
done, aimed at marketing development, i.e. the analysis of existing domotics products
and systems for existing homes.
This analysis was carried out by students from the Eindhoven University of Technology within the framework of their master-project. A problem inventory list (Pelsmacker,
2006) was used for this purpose. This is a checklist of the seniors’ problems and the
shortcomings of existing domotics solutions from different dimensions including bodily, sensory, user friendly and psychosocial stigmas.

B. CREATION PHASE
A concrete product idea must be outlined during the creation phase (Lichtenberg,
2002)2. The following steps come to order successively: generating ideas, synectics
(selecting and developing ideas), preliminary design, elaboration and detailing design.
Based on all the performances drawn up (Table 5.2.2) and the characteristics of domotic homes, students generated ideas and produced designs. Together with the solutions
produced by the author of this thesis, these ideas are presented to the project partners’
team for testing.
One of the most important tasks of this team was to judge and provide feedback about
the presented designs; the partners supplied their contributions from the point of view
of their own discipline. This idea-generation method, the idea-evaluation and -selection (Cross, 1995) is a group method which strives to select a few well chosen ideas
from a large number of unverified ideas; in this case for the enhancement of comfort
and solving the infrastructural problem of domotics in an existing building.
Literature (Cross, 1995; Pelsmacker, 2006; Roozenburg, 2002) also confirms this as
an accepted method to develop interdisciplinary product ideas and to discuss their
feasibility.
2. Pahl and Beitz (1996) distinguish four stages in the design process of products: problem analysis, conceptual design,
laying out (preliminary design), and elaboration (detailed design).
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Technical
Solution 1

Technical
Solution 2

Technical
Solution 3

Technical
Solution 4

Technical
Solution 5

Need for neatness
and order

Systems and
products that
conceal cables
or do not require
a wire and use
mediums for
the transfer of
signals

Wireless devices
(power supply:
battery; power
supply:
electricity)

Construction
infrastructure
composition
(strips, cable
ducts, etc.)

Construction
infrastructure
built in (milling)

Construction
infrastructure
around the
spaces (strips,
cable ducts, etc.)

Apply new layer
of infrastructure

Need for freedom
of spacial
arrangement and
in carrying out
ADL activities

Creating flexible
possibilities for
data and power
supply in
different space
of the dwelling

Wireless data
(radio frequency
or through the
lighting network)

Wireless
electricity

Wired data

Wired electricity

Combination
wired and
wireless

Need for thermal
comfort and
relaxation.

Better heating
of the livingroom

Adding insulation materials
(built in,
construction
around the space)

More calories,
more powerful
central heating
unit

Use of reflective
materials

Adding heating
units (radiation,
convection, and
transmission)

Making use of
heating furniture
and clothing

Need for rest and Improving the
acoustical comfort acoustical
comfort between
the spaces

Applying the
insulation
materials (built
in, Construction
around the space)

Interruption in the
implementation
of opening
(double-glazing,
double doors,
etc.)

Interrupt the
implementation
of construction
conduits

Interrupt the
construction of
conduits

Need for visual
comfort and
relaxation

Artificial light

Colours

Different
scenarios for
different
atmospheric
moments

Reflection

5.2 Method

Needs

During an intensive synectics session (three and a half hours), the team searched for
parallels and connections between the presented ideas. These are then screened based
on the information gained from the needs analysis and with the SWOT-analysis after
which the ideas that were eligible for further development are selected. This selection
is based on the fact that the domotics applications do not just have to be functional and
user friendly, but they also need to be as invisible as possible and the product has to
contribute to a comfortable living environment.

5.3 Development DCA-Wall

Transparency

5. Integration

Improving the
visual comfort
by lighting

5.4 Conclusions

After further analysis, a concept was selected; which was handed over to the design
team for further development. The design team worked out the technical aspects of the
concept. This concerns the structure, design, manufacturing, method, materialization,
and detailing of the product in such a way that it would address to the multiple needs
and would fulfil several functions, as shown in table 5.2.2.
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Performances

3. Seniors’ Needs

performances for the DCA-Wall
Solutions

4. Professionals’ Perspectives

the residents in their homes to the performances and solutions for the product development and technical

6. Conclusions

Table 5.2.2: Conversion of functional user needs analysis through activity, space, goal and problems of

THE DCA-WALL
The “DCA-Wall” is a secondary wall which is placed in front of a common party wall
and only adds six centimetres. Common party walls are often the outer wall of a living room and this is where domotics applications specifically need to be installed. The
design team found the light metal-stud wall system most appropriate as secondary
wall. The wall system is finished with primed plasterboard. This wall system allows
for cables and insulation material to be installed between the primary and secondary
wall. By allowing cables to lie in the cable ducts between the walls, sockets can easily
be added anywhere along the wall without taking apart the entire wall.
All of the infrastructure for electricity and data transport for domotics applications
was installed behind this wall; there is a cable duct both at the top and the bottom of
the wall for the infrastructure required for domotics applications. The flexibility of the
implemented wall allows for adaptation and upgrading of the home in the future.
One of the requirements of the DCA-Wall is the improvement of comfort. The “Handbook of Industrialized, Integrated, Intelligent Construction” (Wallis et al., 2009), indicates that the comfort level of a space is related to the inner environment, like temperature, air quality, and the design. The need for affordable warmth assumes a high
priority for older people (Appleton, 2002).
Hence, thermal comfort is also one of the principles for the development of the DCAWall. Another aspect of comfort is the aesthetical component: i.e. colour and design
and the psychological impact of the product on people, the experience. Attention was
paid to the visual, acoustical, and thermal comfort of the resident in the design. In
order to improve the visual experience of the user, an ambient light (RGB LED-lighting3) was installed and thermal and sound insulation was implemented to improve the
acoustical and thermal aspects.
Also, keeping in mind the reliability of healthcare and services, choices were made
concerning wired and wireless domotics appliances, the building technical implications were also analysed. This resulted in the design team choosing the Moeller Home
Control System for both pilot homes.
In the next stage, the plan and preliminary design (3D drawings) were discussed with
the dwellers to ensure that their needs and requirements were met.

3. Light Emitting Diode-a semiconductor device that releases light during the recombination process (Addington and
Schodek, 2005).
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5. Integration

The existing domotics applications can be divided into three categories: basic applications, assistive and care applications, and devices and services concerning enhancement of the resident’s comfort level. These categories were used to decide which applications were implemented into each pilot home. House-A was equipped with mainly
basic and healthcare applications, while House-B was mainly equipped with basic and
comfort applications.
However, the plans have been clearly discussed with the inhabitants and their opinions
have been taken into consideration in decisions on applications and modifications. The
basic applications are implemented in both homes; the other applications have been
specifically adjusted according to the needs of each resident.
The architectural consequences of implementing these applications have been analysed and the required media for signal transfer (electricity and data) was identified.

5.3 Development DCA-Wall

Based on the MU matrix of needs, the team of project partners merged the gathered knowledge on demand (chapter three) with the latest innovative developments
from the supply-side; this led to the design teams’ choice of domotics appliances and
products that were implemented in each House-A and House-B. Both residents were
closely involved in the development and realization phases; their satisfaction with the
product and the problems they have with the product are identified by using interviews
and questionnaires. These residential needs and requirements (Table 5.2.1) formed the
basis for the selection of adaptations and domotics applications that are specifically
required and relevant for these seniors.

5.2 Method

Both pilot homes were occupied by an independently living senior. One senior lives in
a rented apartment from a housing/care centre (residential building); he receives care
and help in his daily life. He has some ADL limitations and uses a walker. The other
senior owns and occupies a semi-detached house and is an active adult who participates in a full array of activities. He does not receive care or help in his daily life.

3. Seniors’ Needs

The Product Development Phase includes a spiral formed process of testing, adjusting,
and readjusting the product (design) (Lichtenberg, 2002).
The DCA-Wall is implemented into two pilot homes in Eindhoven, the Netherlands.
In order to identify architectural differences between different building typologies, the
project was carried out in an apartment (House-A) and a semi-detached house (HouseB).

4. Professionals’ Perspectives

C. DEVELOPMENT PHASE

The domotics applications implemented in the DCA-Homes are:
• intercoms; the doorbell and house numbers are illuminated;
• an electronic door lock;
• motion sensors have been installed in the living room, hallway, kitchen, bathroom, and
toilet of both homes; automated lighting is installed in the hallway, bathroom, toilets, and
the living room;
• smoke detectors are installed in both homes according to the National Building Decree;
• extra motion detectors in the bedroom of House-A (due to safety reasons).
• alarm signal sent to friends and family in case of an emergency (House-B). A type of panic
button was already present in the apartment (House-A) in the form of a “care-phone”;
• presence simulation in House-B; the roller shutters and lighting are automatically switched
on or off at random times;
• the roller shutters are also programmed to work according to the astronomical time;
• in House-A, a so called “toilet route” was set out with lights;
• central on/off function in the home: home in standby, the alarm function is switched on
(House-B); and
• an induction loop in the living room with regard to hearing problems (House-B).
Functions of the DCA-Wall are as follows:
• improvement of thermal comfort with regard to fast working electrical heating integrated
into the DCA-Wall;
• multimedia: a network is installed via the wall, enabling the occupant to use a wired (safe)
network for internet and audio/visual applications in different rooms in the house; and
• ambient lighting: in order to improve the feeling of comfort, the DCA-Wall in the living
room was fitted with LED-lighting with 5 different lighting scenarios.
The functions named above are operated by the Home Control Box, produced by Moeller.

MODIFICATIONS IN THE BATHROOMS
From a survey carried out amongst 500 home consumers, both renters and homeowners, it appears that bathrooms are renovated more often compared to the other areas of a home (Woonkennis, 2007). The bathroom is the place in a home where comfort and safety are highly valued.
It is expected that the number of domotics applications for the bathroom will grow in the future
(Sanitair Monitor, 2007). Arrangements and floor plans for the bathroom play an important
role in the improvement of safety for a senior; it is a location where many incidents occur due
to for example: slippery surfaces and inadequate lighting.
The basic adaptations made in the bathrooms of the pilot homes are geared at the improvement
of convenience, safety, and security. In house-A, emphasis was put on healthcare appliances,
in House-B the emphasis was put on comfort appliances. In the design, the requirements and
guidelines for accessibility, sufficient space for moving around safely, and functionally efficient design was taken into account (National Building Decree 4, the ISSO/GIW, Neufert,
Handbook for Accessibility5).
Attention was paid to lighting, heating, the faucets, modified sanitary, (when required) grips,
and wheelchair accessibility. If grips are not yet required in the bathroom, only the necessary
infrastructure to install these products later on is implemented.
4. Bouwbesluit
5. Handboek voor Toegankelijkheid
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5.2 Method
6. Level Acoustics is the laboratory specialized in acoustics at the Eindhoven University of Technology.
7. The apparent sound reduction index R’ is calculated with the formula: R’= L1- L2+101gS/A, where: R’ = the apparent sound reduction index, in dB; L1 = the average sound pressure level in the source room, in dB re. 20 μPa; L2 = the
average sound pressure level in the receiving room, in dB re. 20 μPa; S = the surface area of the test object, in m2; A =
the equivalent absorption area in the receiving room, in m2.
The quantities R’, L1, L2 and A are determined in one-third octave bands with centre frequencies of 50 Hz to 5000 Hz.
In the source room “pink noise” was produced by a combination of a noise generator, amplifier and loudspeaker. In the
source and receiving room the sound pressure level has been measured with a fixed microphone and analysed over the
same time period with a digital real-time frequency analyser (Brüel and Kjaer, type 7841, Dirac 4.1). These results were
evaluated with a spreadsheet program.
8. V = the volume of the receiving room, in m³; T = the reverberation time in the receiving room, in s.

5. Integration

The tests7 were carried out in accordance with EN-ISO 140-4:1998 “Measurement of sound
insulation in buildings and of building elements; Field measurements of airborne sound insulation between rooms.”
The equivalent absorption area (A) in the receiving room was evaluated using Sabine’s reverberation formula: A=0.16 V/T8. The reverberation time was measured by recording the decay
of bursts of wide band noise using the same equipment. The average of six reverberation
registrations was used to determine the equivalent absorption area.

5.4 Conclusions

Figure 5.3.2: Test setup DCA-Wall

3. Seniors’ Needs

The procedure and results of the measurements in the semi-detached house are discussed below.
The DCA-Wall is put in front of the common party wall. Test is done by performing an apparent sound insulation measurement between the two rooms, one with the Dynamic Comfort
Adaptation wall. The living room of the pilot house with the DCA-Wall was chosen as the
sound source room.
Measurements indicated that the sound insulation 7dB is improved by applying the DCA-Wall.

4. Professionals’ Perspectives

To investigate the effect of the Dynamic Comfort Adaptation wall on sound insulation; two
measurements, with and without the DCA-Wall, were carried out by Level Acoustics6. The effect of the wall on the sound insulation between the DCA-home and the neighbouring building
is measured.

6. Conclusions

TESTING THE DCA-WALL

As prescribed in the standard, the measurements
were conducted for two loudspeaker positions;
the final result is the average of these two measurements.
The equipment used to measure the sound are:
an amplifier, AE Amphion, loudspeaker (Meyvis type M4); a microphone (RION NL-32); two
channel frequency analyser (Brüel and Kjaer,
type 7841, Dirac 4.1) and noise generator (integrated in the Amphion amplifier).
The results of the measurement are presented
on a form as prescribed by ISO 140-4 and ISO
717-1. In the graph an apparent sound reduction
index R’ is plotted as a function of the frequency
in third octave bands.
The apparent sound reduction index R’, as measured in the field, is used to describe the total sound
transmission between two rooms. Although the
sound transmission through the separating ele- Figure 5.3.3: The sound insulation between the two
ment is of most influence (black arrow in figure living rooms, with and without the DCA-Wall on the
below), the resulting apparent sound reduction side of the sound source. The test shows a signifiindex R’ is also influenced by other transmission cant improvement (R’W increases 7 dB) of the sound
paths, like flanking transmission (red arrow) and
insulation
indirect airborne transmission (blue arrow).
In practice, the apparent sound reduction R’ is less than the sound reduction index R of this
partition as measured in the laboratory, where only direct sound transmission occurs.

Figure 5.3.2: Comparison typical room section and laboratory section

Figure 5.3.3 depicts the sound insulation between the two living rooms, with and without the
DCA-Wall on the side of the sound source. The second graph shows the differences between
the two. Apparently the sound insulation index (R’w) increases by 7 dB, which is a significant
improvement of the sound insulation.
The strategic, creation and development phases of the DCA-homes project are mentioned
above. The conclusions, the process and product evaluation and evaluation by occupants will
be discussed in the following section.

The research problem in this part of the study was to generate a solution for the integration of domotics into an existing house.
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Figure 5.3.4: A 3D- anisotropic section of the developed DCA-Wall

Figure 5.3.5: Adaptations in the bathroom, with orientational lighting and ambient

shower head lighting
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Conclusions and Evaluation of DCA-homes

5.4

In this paragraph, the conclusions are illustrated from the point of view of the integration of domotics into the living environment on basis of the analysis and evaluation of
the product and the research and development process (RQ3).
In this study, integration means the integration into the building concept of the house,
and the integration into the living pattern of the occupant, in this case the senior. Hence,
the result is evaluated with regard to the experience and perception of the occupants
of the pilot homes.
Accordingly, the findings of this chapter are divided into: product, process and experience and perception of the occupant.

PRODUCT
Through the multi-disciplinary approach of the project, the required knowledge and
skills were present in order to produce an innovative, multifunctional, balanced product that contributes to the possibility of senior citizens to age in their own familiar
home.
The developed product, the DCA-Wall is multifunctional and contributes to the creation of a comfortable atmosphere in the house and domotics applications have been
imperceptibly integrated into the existing structure. The DCA-Wall is applicable in
practically all existing homes. The product is implemented in two pilot homes in Eindhoven, both occupied by seniors. The occupants of these homes were closely involved
in the development and realisation of the product.
The DCA-Wall offers a functional and aesthetic contribution to the home and it contributes to the sense of residential comfort as well. Cables and other technological
devices are concealed, multiple functions have been combined; the product is lightweight, compact, and flexible and is adaptable to the living pattern of the user.
Nevertheless, different types of problems were encountered both of a building technological and of a technological nature; especially with regard to the software used
to integrate the domotics appliances. Some of the building technological issues were:
deciding at what height the intercom would be installed: whether to measure from the
perspective of a standing adult or a wheelchair user; and the inadequate amount of
space in the meter cupboard. Technological problems mainly concerned the software,
for example: the integration of the operating system of the electric wall heating of the
DCA-Walls with the operating system of the primary central heating system. The electric heating system was given a secondary function.
The compatibility of the different systems (intercoms and the home manager) proved
to be limited during implementation. It seemed that a step down to a more traditional
operational solution was needed, either a new method of connecting the systems had to
be found, or the software needed to be modified. Consequently, a decision was made.
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The project concerned occupied homes, which is an important factor in this investigation. The occupation of the house makes it is possible to discover what the occupant
really needs, which applications the inhabitant actually uses and which problems he
comes across. In this way, how the concept models worked in practice was tested.
The occupants of the pilot homes were asked to describe their experiences and perspectives regarding the DCA-Wall and domotics applications. The techniques used to
report these experiences and perspectives include: interviews, observation, and evaluation forms. Based on the outcomes of these tools, the following conclusions could be
drawn:
The occupants are satisfied with the DCA-Wall, in their experience; there was no to
barely no loss of space in the room. Furthermore, being able to decide how many sockets and where they are placed is experienced as pleasant. There are barely any wires

5. Integration

EXPERIENCE AND PERCEPTION OF THE OCCUPANTS

5.4 Conclusions

The relevant phases of the Slimbouwen strategy are followed successively during the
development of this product, being the strategic, creation, and development phase.
During implementation, it seemed that adapting an existing home is an activity of a
completely different order of magnitude and has many other variables than new housing projects. In itself, a building is quite a complex product with many variables that
are not always fully manageable in process. This is especially true for relatively small
projects such as the DCA-project, which is geared at a few existing and occupied
homes, a project in which human factors play a role in the sequence of considerations
of designers, suppliers, contractors, specialists, and scientific contribution. Coordination and alignment with the residents and with each other was crucial and was carefully monitored. The planning still had to be adjusted several times.
Time was also an influential factor during the process. The realisation time for the
entire development process, including execution, was one year. This time pressure
demanded intensive cooperation resulting in a strong dependency on each other’s performances bringing along its risks and consequences. Time pressure and delays caused
frustrations; during a small project like this one, when stagnation occurs, there are
often no other tasks to move on to.
The discontinuation of a partner during a multidisciplinary project can cause damage
to the project as a whole. On the other hand, Lichtenberg (2002) states:“A project
quickly completed is more promising than a project smeared over a long period of
time”.
This case study is an example of a triplex Policy-Industry-Academia partnership
project for the realisation of needs from society, in this case being the needs of seniors.
It is a meeting between the worlds of policy-makers, industries, and sciences.
Earlier divisions between these disciplines fade in collaboration projects such as this
one, industry participate in research and development and universities occupy themselves with the implementation, dissemination, and marketing problems. One can
speak of a clear integration of disciplines in the area of product development. At the
same time, this is a learning process for all of these parties.

6. Conclusions

PROCESS

visible anymore. It seems that the seniors value the aesthetic aspect of products as well
as the quality of design, materials and execution.
In the User Needs Analysis, seniors indicated that they appreciate windows due to the
view it supplies and contact with the outside. On other hand, they also have a need for
safety. These two needs are quite often contradictory and counterproductive; nevertheless, the implemented automatic roller shutters do meet both of these needs. The occupant in question says the following about the roller shutters: “It is safer; the remote
control works well; they are still working on the homebox; it will then work automatically with the astronomical time: at sunset and at sunrise.”
Bathrooms are an important element of the home, bathrooms are renovated more often than any other room in the house, comfortable and luxurious appliances are often
implemented in this part of the house. The design of the bathroom is discussed in this
chapter (p. 202). One occupant says: “It has become a spacious bathroom with a large
walk in shower, the shower, sink and toilet have plenty of room and that does give a
good feeling”
There was a lot of work cut out for the team concerning the intercom, such as the
comprehensibility, volume, and the settings for the ringtone and ring volume of the
intercoms and the compatibility and connection of other domotics functions with the
interface of the intercom caused a vast amount of problems. One occupant stated: “The
intercom is also the doorbell, I am disappointed that no friendlier ringtones are available, compare that to my mobile phone!”
Against all expectations, the users’ experience with the electronic door lock is dissatisfying, the remote control is not yet fully developed and has already gone through many
versions, and consequently the user still does not trust the system. There are no indicators that show whether the door is locked or unlocked. The system is loud and slow
and the battery usage of the system is quite high. When the lock is used via the intercom, the deadbolts cannot be applied. One occupant says: “The only advantage of this
system is in my opinion that I can easily open the door when carrying my groceries.”
Automatic lighting must be seamlessly integrated into the daily life of the user. This is
one of the goals of the integration of domotics into homes. One of the senior’s experiences with automatic lighting devices is completely the opposite and is even seen as an
invasion into his daily life and the way things are supposed to be. The settings of the
motion sensors had to be changed several times based on the experiences of the user,
extra motion sensors were also placed and others were moved.
The occupant could not get used to the system and preferred the traditional, manually
operated light switches. According to him, the benefit of the traditional system is that
a regular light switch always works and works directly, the light was never on too long
or too short, and was therefore more economic. The occupant states: “Since I got the
automatic lighting system, I am always consciously thinking about it; I am always
wondering if it is working or if it is not working. The settings for the duration of ontime are never correct: the lights are always on too long or too short. I consider this
as an agitated and unstable system in my home.”
Whether or not automatic lighting is required in the domestic settings must be carefully reconsidered, especially in the living room, and in which cases and places the
system provides an added value.
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In conclusion, there is a clear need for a user friendly interface, which allows the senior
to easily change the settings of the systems and gives an overview of for example the
energy usage of the home. The users’ need to be “in control” has already been known;
nevertheless it is repeatedly confirmed that domotics developers bring underdeveloped
products on the market and present them as a summoning of advanced technology,
ready for the end-user, while this does not prove to be true in practice.
However, the occupants are not particularly negative about domotics in their houses.
Only the products which do not function correctly stand out and irritate the occupant;
the negative impact of domotics is thus significant.
Good service after delivery of these sensitive products is therefore required in order to
ensure a breakthrough in the market.
One occupant says: “I still see the possibilities of domotics for seniors, nevertheless I
also see how the products operate in reality and what the products lack; the companies
have to improve these products, otherwise no one will purchase or accept them.”
Hence, it can be concluded that the DCA-Wall is a positive contribution to the integration of domotics into the living concept. However, it can be stated that the integration
of domotics into the seniors’ living pattern still has to be improved, especially with
regard to the interfaces that enable the user to be actively involved and in control of the
system. One of the characteristics of a senior of 2010 is that he wants to stay in control
of his own life: domotics that pushes the user into a passive lifestyle and role will be
marked down for a failing request.

5.3 Development DCA-Wall

The seniors’ need to remain in control is manifested; during the focus group discussions the need to be able to arrange the daily activities and autonomously decide which
products to use and not to use, was often mentioned. The senior wants to have an overview of the system and wants to be in control. The power bill for one of the pilot homes
was 50% higher than the year before, for which there is no demonstrable reason. However, if the cause of this high use of energy is not made apparent, the breakthrough of
domotics will not take place anytime soon.
One occupant says: “I notice that most domotics applications are not, or nearly not
applicable to any of my needs; for example the bell signal and volume of the intercom,
settings of the automatic lighting and adjusting the induction ring. You are dependent
on technicians, which is one of my main objections towards domotics.”

For age is opportunity no less
than youth itself, though in another dress,
And as the evening twilight fades away
The sky is filled with stars, invisible by day.
Henry Wadsworth Longfellow, 1858
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General Conclusions
and Discussions

In this last chapter, general conclusions are derived from the results of the empirical study
discussed in Part II and Part III of this thesis based on Part I.
The goal of this research is to gain better insight into how domotics can be integrated into
the senior’s domestic environment to maintain or improve the quality of life.
Research is done into the demand side (seniors in the Netherlands) (Subsection 6.1), and
into the supply side of domotics (Professionals in the Netherlands and other EU-countries)
(Subsection 6.2). Subsequently, a case study is used to develop a multifunctional, integrated solution for the problem of implementation of domotics-applications in existing homes
(subsection 6.3). This is followed by a picture of the future developments and some recommendations. This chapter is rounded up with discussions on domotic homes.

Conclusions

6

6.1. THE SENIOR AND THE DOMOTIC HOME
The following question was central to the research into the demand side of domotic
homes: How can domotics technology be integrated into the patterns of daily living of
older adults? (RQ1)
From the empirical research, it seemed that the seniors were generally acquainted with
domotic applications and were informed of the benefits and the added value to them.
However, they did not have any actual experience with domotics.
The user-needs analysis pointed out that seniors do not basically reject domotics after
becoming more acquainted with domotics and gaining knowledge of the products, but
are “sitting on the fence” and are very critical towards it. However, it appears that seniors are positive about possibly purchasing domotic applications in the future.
During the construction or retrofitting of a dwelling for senior citizens, several applications should be standardised in the home, or the possibility of implementing these
applications, in the future, should definitely be created by implementing the necessary
infrastructure in advance. For this reason, the seniors assume the adaptability of a domotic home as a great benefit and sometimes even as a requirement.
In this investigation, large individual differences were discovered in the residential
seniors’ needs; it seems that the seniors’ background characteristics (personal, environmental, and informational characteristics) have influence on the determination of
their attitude towards domotics. For example, seniors with a lower education indicated
more often that they needed domotics, while seniors with a higher education maintained a much more critical approach. People living in the Randstad also seemed more
prepared to choose a domotics package than people in other parts of the country.
In response to the sub-question, which indicators from the demand side are decisive
for the integration of domotics into the daily life of the older adults? (SQ2), a theoretical model was developed; it seems that the perceived advantages and disadvantages as
well as needs have a statically significant relationship with the senior’s attitudes.
The investigation indicated that the senior was not convinced of the added value of the
offered functionalities for his or her current life. Therefore the cost-benefit analysis is
negative. No particular domotics function has been considered by the senior citizens
as the “killer-application1 ”. Hence, the current domotics applications are not attractive
enough to make the breakthrough feasible. The developed model of this investigation
also led to the conclusion that by weighing up perceived advantages and perceived disadvantages during the decision making process, the benefits and affinities have more
influence on the seniors’ attitude than the disadvantages, fears, and resistances. In the
perception of “advantages” to senior citizens a shift of accent to now and here takes
place. At the moment, seniors are not prepared to invest in an application which they,
according to themselves, may possibly need in the future. Also, the “effort” seniors
have to make are averagely weighed heavier by age (Melenhorst, 2002), which could
make people more critical with regard to the benefit that is returned. For this reason, it
will cost extra energy to convince thxc ese seniors that domotics appliances have ad1. An application which is exceptionally useful or exciting (Freedman, 2001).
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Until now, domotics can be characterized as a mismatch between technology and the
target group’s needs; through the supply-driven approach, more “variation” has occurred rather than “innovation.” For further development and breakthrough of domotics, the functions must not only be matched with the actual needs of seniors in a better
way, but also the possibilities and added value of domotics must be more clearly demonstrated. This is a great challenge for developers of domotic applications. This does
not as much concern the acceptance of healthcare functions, where usefulness and
necessity are recognized by the senior, although its realization is postponed to “later”.
It concerns the stimulation of interest in functions which are supporting for independent living, by contributing to the sense of safety, well-being, and increase of comfort.
As long as domotics is immediately associated with sickness and shortcomings, while
seniors generally remain healthy for longer, the breakthrough of domotics will not
occur. This can even lead to “anti-diffusion” and “non-adoption” (Rogers, 2003) of
domotics by the majority of this target group. Besides healthcare functions, functions
for comfort and safety can break this impasse that domotics is currently in. After all,
whether or not to continue living independently depends upon a number of factors. As
far as the home and the act of dwelling is concerned, besides a sense of safety, an acceptable level of comfort is of crucial importance. The user-needs analysis displayed
an increasing need for comfort in the sense of the absence/reduction of discomfort
(Advantages for the daily household tasks (IADL) and Treat Advantages). Improving
residential comfort in the sense of absence of discomfort contributes to the extension
of independent living. However, current domotic applications are namely aimed at
alarms, security, warning, and safety. It seems that seniors are sensitive towards ease
and improvements in comfort; they do not seem to reject domotics on these grounds.
For example with the introduction and acceptance of the mobile phone, it was – after a
period of rejection – the comfort (ease) which convinced the target group, and allowed
for its acceptance.
Interestingly the quickly increasing familiarity seniors show towards technology such
as ICT; Internet usage amongst seniors has rapidly increased. All of the focus group
members and 85% of the respondents that filled in the survey have an Internet connection.
The investigation into their attitude also suggests that improving the comfort of seniors is a good starting point to familiarize them with domotics. For this reason, the
investigation explicitly paid attention to the improvement of the range of domotics applications from the basic appliances such as alarms, to the improvement of residential
comfort, as achieved by the multifunctional DCA-Wall.
Besides this, the current technical and architectural objections and barriers, such as the
difficult operation of applications and complex implementations in homes, must be
removed, or at least be made transparent for the user or adapted in such a way that the
user can overcome these issues.
As the target group of seniors is appealed to the usefulness and ease of the – improved
– domotics, this could cause a change in their attitude towards domotics and thus other
domotics applications can easily be depicted and implemented.

6. Conclusions

vantages for them in the present rather than just possibly in the future. It also appeared
that the needs of seniors have a positive relationship with their attitude and “readiness
for response” towards domotics.

Based on the results, it can be concluded that the domotic home must fulfil the needs
with regards to wellness, autonomy, connectedness and socialisation, safety, and
security.
Since a shift from materialistic gratification to self actualization is present in society;
a paradigm shift from tangible and function-oriented dimensions to intangible dimensions of the home, such as a sense of comfort, has taken place. However ‘home’ is
experienced by the occupant as a whole, consisting of both tangible and intangible
dimensions.
The occupant is more concerned about living and residing as a whole, and not about
the applications. The senior does not essentially purchase domotics but residential
convenience and comfort.
Hence, domotics should be integrated in to the domestic environment in such a way
that these do not interfere with the intangible dimensions of the home.
In this study, the relations between needs (demand-side) and performances (supplyside) are brought to light. An important issue is the confirmed diversity in the lifestyle,
needs, and preferences of seniors; while the current dwellings are usually based upon
regular and corresponding needs and living patterns. In practice, the commitments
made by the technology sector with regards to flexibility and adaptability often do
not prove to be correct. The solutions currently available do not live up to the senior’s
needs and requirements. When seniors indicate preferences for domotics applications
in their current situation, they choose for applications that improve their comfort (automated lighting (53%), vacation button (38%), automated awnings (35%)) and safety
(fire alarms (71%)).
Currently care related applications (such as panic alarm and tele-medicine) do not
score very high; although with regards to adoption in the future, applications that involve safety and care are chosen more often. This counts for example the intercom
which moves from sixth place to second place and for the panic alarm which is found
to be redundant by 73% in the current situation.
The image described here of the senior who is in the so called third phase of life may
not be generalized and may not lead to the creation of an “age irrelevant society,” of
course there are physical and mental differences between individual seniors. Precisely
that large individual diversity provides the construction and healthcare sector with no
excuse to maintain the current status quo regarding the innovation of housing construction for senior citizens.
The results of the qualitative research, carried out in the senior focus group, are mainly
confirmed by the results from the quantitative research.

6.2 PROFESSIONALS AND THE DOMOTIC HOME
The research question is: How can the supply-side facilitate domotics in the domestic
setting of older adults? (RQ2)
In order to answer this research question, two studies were carried out: one amongst
the key stakeholders of domotic homes in the Netherlands and one amongst profes-
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The investigation shows that especially in the Netherlands, both professionals and
seniors consider that the improvement of residential comfort and the facilitation of
daily life, along with the further development of technological characteristics are the
most important priorities of domotics.
One portion of the involved professionals (36%) declare that the term “domotics”
is stigmatizing and stands in the way of a promising promotion in the market, these
professionals, mainly from the technology sector, are searching for solutions by placing their own products in the market with a new name. The majority of professionals
(55%) find the name change a false solution and prefer a common terminology, thus
maintaining the term “domotics.”
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The most important conclusions are as follows:
In the first place, it is confirmed that the opinion amongst professionals were quite
diverse as was expected. Strikingly, differences were often indicated when comparing developments in the professionals’ field and developments in that professionals’
country. Most of the time, judgment made about their own sector is often more positive than that of their country. The same counts for the comparison between their own
organisation and sector.
There is a correspondence between the professionals with regards to the statement
saying that the implementation of domotics is progressing slowly (67%), but the professionals also share the opinion that there will be an increase in the use of domotics
in their sector or business within the next five years (75%). Potential users’ ignorance
is viewed as the biggest problem by 74% of the professionals. This is in conflict with
the conclusions from the research done amongst seniors: the seniors indicated that they
were acquainted with domotics, but did not appreciate the products and services currently being offered. This shows that the professionals, who represent the supply-side,
are not sufficiently informed about the needs of the target group, while 60% of them
state that they are “reasonably to well-informed on the needs of the user.” 65% of the
professionals state that this knowledge is gathered from their own experience gained
during projects.
This investigation confirms that there is no optimal match between the offered technology and the daily way of living in regards to the implementation of domotics at this
very moment.
Other causes of the slow breakthrough of domotics according to professionals are the
price; the risks involved for businesses; and the objections of the user; such as the possible fear of loss of control.
The opinion of the professionals about the most promising application is divided, but
regarding the importance of energy management and automated temperature control,
the majority of the professionals (57%) are in agreement.

6. Conclusions

sionals from seven different EU-countries from the healthcare, technology, construction, researh sectors and policy makers.
From this four dimensions of domotic homes came to order: the domotic home as a
product, the process, the position in the market, and the paradigm of domotics.

How professionals perceive the “state of the art” of domotics development in their
own country and how they perceive that of other EU-countries is remarkable. Professionals who are not from Germany generally find that Germany has come the furthest
in the field of domotics; while the Germans, themselves, do not very often indicate
that Germany made good progress regarding domotics. French professionals say that
their own country “is not very advanced” but do recognize their own organisation in
the precursor profile; Dutch professionals state that they have made “some progress”
and recognize that their own organisation fits the profile as the second precursor. Of
the respondents, 61% stated that their own organisation as the precursor in the field of
innovations.
The survey has established that the stakeholders constantly wait on each other and
that nobody takes the initiative. According to the majority of the professionals, the
construction sector is appointed as the sector which should take the initiative of the
implementation of domotics. Only Spanish professionals state that the government is
the most important initiator.
The “state-of-the-art” attitude regarding domotic homes can momentarily be best described as ambivalent and patient, not only from the demand-side, but also from the
supply-side. For the architecture and building sector, domotics is an insecure factor
because of the consequences of the dynamic process of changes in residential needs,
seniors’ living patterns, and the speed of change in the technological appliances being
incalculable. The product domotics is developed on bases of a “technology push” and
at the moment, it is implemented especially in the healthcare sector. Domotics can
currently be labelled as a supply with no apparent demand. Yet the social interest is
huge, due to issues such as the aging population. The limited number of new housing
projects geared at senior housing will not be able to compete with the consequences
of the aging population. Therefore, many discussions are held regarding the renovation or adaptation of the current housing stock, suitable for seniors, within the housing
construction sector. The concept “Domotic Homes for Seniors” enables older adults to
live independently for a longer period of time and in some cases even prevents forced
moving. Statement six of this thesis is therefore as follows: “If the government and
construction sector do not adroitly respond to the incoming need for sufficient houses
for independently living seniors, the Extramuralisation Policy will be doomed to fail.
Hence, a State Secretary for Elderly Policy in the new Cabinet is not an unnecessary
luxury.”

6.3 CASE STUDY: INTEGRATION INTO EXISTING HOMES
The objective of this part of research was to enable the successful integration of domotics into the structure of existing dwellings. This is achieved by carrying out a case
study.
The research question is: In which way can domotic homes contribute to fulfilling the
needs and affinities of the senior? (RQ3)
The spearhead here is removing automated applications from view into the building
structure of the dwelling and researching the tangible and intangible effects of this in
the home. The research question in this case study was to generate a solution for the
integration of domotics into existing homes. Implementing domotics into the existing
infrastructure and cabling is an expensive and radical task. Wireless connections could
be a solution, but the reliability of such products is still questionable. A solution for the
infrastructural problem was developed in this case study based upon the principles of
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The case study in this thesis has shown that domotics applications are feasible in the
existing housing stock. The applied technology can keep tele-care within reach, without having a typifying or stigmatizing effect on the occupants. This perspective can
lead to completely new concepts for a living environment through which the current
gap between demand and supply in the residential care provision can be bridged.
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From this evaluation it seems that the occupants of the pilot homes are content with
the DCA-Wall; there is barely any loss of space, and the implemented functionalities
and aesthetic quality are highly valued. With regard to the domotics applications during use, some issues were identified by the occupants. The multi-functionality of the
DCA-wall, by adding LED-lighting and heating elements, had positively influenced
the seniors readiness to adopt, especially because these two functions have a clear perceptible effect on the daily life of the user. This is in contrast to the basic function of
the DCA-wall: the removal of the cabling for electronics from view, which is actually
about keeping applications as imperceptible as possible. In conclusion, the addition
of functions to a product, in this way, is positively translated to the added value of the
product.

5. Integration

Slimbouwen, that the integration into the building concept is achieved by the disintegration of (domotics) implementations in the home.
The developed building product is the so called DCA-Wall, which stands for Dynamic
Comfort Adaptation.
The DCA-Wall was implemented in two pilot homes in Eindhoven, which are occupied by seniors, the seniors were closely involved in the development and realization
of the DCA-Wall.
The evaluation of the process and product took place from the viewpoint of integration of domotics into the building concept and the pattern of living of the seniors. For
this reason, the end result was also evaluated in respect to the experiences and perceptions of the occupants of the pilot homes. (Building) technological problems that were
incurred included: the (future) accessibility of the home for wheelchair use and the
unacceptable amount of space in the meter cupboard. Technological problems regarding the compatibility of diverse systems (intercom and home management) were also
faced. Due to pending new software for the integration of these domotics applications,
a switch had to be made to a more traditional operation system.
The case study showed that the occupants have a clear need to be “in control,” in
other words, arrange affairs by themselves, changing settings, and being able to decide
which applications to use and which applications not to. Although this need is known,
there is still the impression that domotics-developers do not recognize this need and
often introduce half-developed, barely flexible products into the market, that are not
rightfully presented as advanced, user-friendly technology, ready for the end-user.
Sadly it seems that in real terms too many “empty promises” are being made.
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A lot of improvements are still to be made to domotics systems and applications for
the integration of domotics in to the senior’s pattern of life from both tangible and
intangible point of view, such as the interfaces, which make it possible for the user to

actively control the domotics applications implemented in the home.
Domotics that push the user into a passive lifestyle commends itself off the market.

6.4 FUTURE DEVELOPMENTS
Considering the fast and comprehensive growth of technology, what can we expect
from the automation of senior housing in the future?
As discussed in Chapter two, the evolution of technology in the home is distinguished
into 4 stages, extending from the introduction of stand-alone applications to the stage
of the attentive home and robotics. The current stage, the third generation domotic homes, concerns the i-domotics of the “networked home”; meaning a dwelling
equipped with an internal home network comprised of network connections between
family, friends, and social circles; and an external network that connects the home with
(public) bodies such as residential care centres, schools, shopping centres, work, etc.
Hence, the attention is gradually shifting from “automation” to “living,” “the home,”
and the occupant. This sheds light onto the integration of technology into “the home.”
There is a great difference between automated applications in the dwelling and an automated dwelling. Regarding this, Westra (1993) stated that “consumer products are
valued for what you can do with them, buildings are valued for who you can be with
them2.”
The fourth stage, the learning and attentive homes and the implementation of robotics
in the home, is undoubtedly in the foreseeable future and will soon make its entrance
in the dwelling. In our daily life we are already involved in intelligent environments in
the form of “smart homes,” “smart offices,” and “smart cars.” We will be confronted
with new applications, new operating systems, wireless connections, tele-services,
tele-medicine, and new residential healthcare arrangements. Intellegent microsensors
can already be embedded everywhere: in the building structure, in clothing, in applications and even in the body. These embedded systems are constantly gathering and
processing data and deciding how applications should function and operate. In 2003,
it was estimated that about 8 billion embedded systems were present worldwide; conservative estimates show that this figure will double by 2010 to 16 billion.
In the first stage, domotics homes were especially aimed at technical experimentation
and technical possibilities. The aging of the population has given momentum to these
developments and shifted attention to healthcare provision. Research amongst professionals shows that the future focus must aim at the development of energy saving
products and making current technology user-friendly. The development of domotic
homes will be therewith especially influenced by social and societal trends.

2. Although this trend is changing due to current developments of modern technology. The iPod is an example of this,
which is a product that defines the lifestyle of the consumer, rather than a product purchased purely for functionality.
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The speed at which different innovations spread within social systems depend on several characteristics3 of the innovation itself (Rogers, 1983). Domotics projects serve to
take note of these characteristics and development phase of innovation as described by
Lichtenberg (2004), Cozijnsen and Vrakking (1986), and Rogers, (1983). It is recommended to follow the phases, and in case of domotics, sufficient time should be spent
on the transfer phases (adoption) before starting with the implementation phase (introduction and incorporation). It is perhaps due to marketing motives that the shift to the
implementation phase occurs at an early stage; justified by terms such as “dissemination” and “market penetration.” This push does not only originate from producers, but
in some cases also from catalysts, who are not only haunted by demographic trends but
also limited by budget cuts coupled with the recession, inclining them to reward grants

3. Seniors’ Needs
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The attitude towards domotics determines an individual’s “readiness for response”
and acceptance of domotic homes (adoption process). Attitude is determined by cognitive, affective, and social factors. For this reason, it is important to pay attention to
occupants’ and care-givers’ preconceptions and resistances during the introduction of
domotics. The adoption process will be encouraged by information, demonstration,
discussion, and last but not least, by pointing out the possibilities for flexible adaptation to meet a user’s personal needs and requirements. Therefore, the demand-side
(clients, end users, care-givers) must be closely involved in this process.
The transfer from a supply driven to a demand driven market, where the outspoken
end-user makes his wishes known and sets standards, is still insufficiently occurring
within the construction sector. The construction sector is labelled by professionals as
reluctant. Yet, still the ones who should take the initiative in the implementation of
domotics.

5. Integration

Even though there has been a great deal of development in the ICT-sector in the last
decade, domotics has not yet made its breakthrough in housing construction. With regards to innovations in the field of ICT, Cozijnsen and Vrakking (1986) distinguished
between development, transfer, and implementation, which are divided into six phases, research and development, diffusion and adoption, introduction, and incorporation. Andriessen (1989) concentrated on the adoption, introduction, and incorporation
phases, each having its own characteristics.
At the moment, domotics as a whole is still in the transfer phase (Figure 2.4.1). This
is confirmed by 67% of the respondents who filled in the questionnaire in the EU.
Experimental projects and pilots have taken place, but the adoption of domotics has
not yet taken place on a large scale. This is of crucial importance and requires full attention on both a meso-level (housing corporations, businesses, and governments) and
a micro-level (the end user).

2. Dweller, Domus, Domotics

6.5 RECOMMENDATIONS
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3. Such as economic (price, availability, income), social (gender, roles), consumer (attitude, needs, wants), and technological (degree of innovation, development of product).

to projects with a rapid dissemination, rather than developmental projects which are
still in the development or transfer phase4. The risk of this policy is that products are
insufficiently adopted and the innovation stagnates on a meso- or micro-level.
The shortage of employees in the healthcare sector may become a serious problem
with regards to the trend of living independently for a longer period of time and could
be a motive for the implementation of domotics in senior homes, but still offers insufficient guarantee for a successful implementation into the living pattern of the seniors.
Here, the crucial question is whether or not the reduction of costs is more important
than social capital.
The support of the government during the transfer phase of domotics is of eminent
importance for the stimulation of further development, but the role of the government
remains that of a “catalyst” and not that of a pushing “subject agent” (Section 4.0.2).
In this investigation, six categories of challenges (social and cultural challenges, promotional and educational challenges, (building) technological challenges, organisational and financial challenges, policy and regulation challenges, and environmental
challenges) are presented for which solutions must be found in development projects,
which can subsequently be implemented. In view of the unmistakable added value
domotics offers to independent living and the broad potential of domotics, this investigation calls for more research into the parameters that determine broader services,
organisational management, and sustainability and for the development of domotics
that effectively answer not only the needs of seniors, but also other social and environmental factors.
Now, joint efforts need to be made by the science, industry, construction sectors, and
the healthcare sector in order to solve technological and architectural problems. Cooperation between the construction sector and the healthcare sector is of crucial importance here; the tradition, method of working, and guidelines and standards of these
domains are substantially different, complex, and inflexible. The introduction of domotics in the domestic environment adds another dimension to this already complicated process. With technical mediums such as broadband technology and healthcare
facilities in the domestic environment, principally, every home can be transformed
into a kind of residential care environment. Architects and product developers serve to
realize that through “double aging,” (Section 1.1.) a shift will occur by the transformation of the analogue domestic environment into a digital residential care environment.
Responsibilities must be clearly distinguished and a clear final responsible person
must be identified. In a project team, care should be taken in finding specific experts
in the area of integration of domotics (e.g. a system integrator).
What will the senior dwelling of the future look like? Can we picture it as follows:
the senior’s home will be tailored to fit but still adaptable, with a high comfort level,
equipped with integrated intelligent applications (i-domotics), connected with a residential care centre in the neighbourhood for tele-care, any home care, and the use of
services. Perhaps with robotics in the home for assistance purposes

4. Examples of this are plans (AmI) and subsidy arrangements.
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The third viewpoint is associated with one saying of Habraken (1961), who stated:
“We should not try to forecast what will happen, but try to make provision for what
cannot be foreseen”. Some building strategies aim at that. One of these strategies is
Slimbouwen, which aimed at a combination of process efficiency, and, just as Habraken wanted regarding flexibility and adaptability, which is also achieved through the
disintegration of building services. This strategy is competing with traditional building methods. Thus, homes can be prepared for domotic applications without any extra
costs.
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2. Dweller, Domus, Domotics

1. Research Design

The second viewpoint is that due to the public interest that domotic homes should
have, the possible implementation of domotics in the future must already be taken into
account in the design phase. Domotics must be integrated during construction and for
economic reasons the future must be anticipated. Hence, for financial reasons, investments must now be made into domotic homes in anticipation for the future.
Domotics must be unnoticeably present in the dwelling; this can be realized more efficiently and effectively if domotics becomes part of the house and residential concept,
especially within new constructions.

3. Seniors’ Needs

The first viewpoint is that domotics must and can be developed and realized independently from construction: during construction, domotics should not have to be taken
into account. Research into the perspectives of professionals in the EU, reveals that
this viewpoint is shared by many housing corporations and construction engineers in
regards to domotics.
Domotic technology must reach the point that it functions completely independently
from the structure of the building; domotics solutions must be developed where constructive adaptations are required. That is the task of technology.

4. Professionals’ Perspectives

A.
Does domotics belong to the architectural domain?
With regards to the question whether domotics will or will not be incorporated into
homes in the future, the majority of the interviewee professionals are in agreement;
three fourths of the professionals who responded to the survey in the EU share the
opinion that domotics will be incorporated into all homes.
One of the subjects of discussion in this regard is the question of whether domotics belongs in the domain of the architect in the construction sector: does architecture have
a role in this or not? Three different views are drawn based on different visions of the
future and the technological improvements.

5. Integration

Finally based on what was previously mentioned in this subsection, three questions are
opened for discussion, namely:
A.
Does domotics belong in the architectural domain?
B.
Is the price of domotics a decisive factor?
C.
Is the involvement of the end user in the development of domotics essential for
initiating a fashionable trend?

6. Conclusions

Discussion

The future is speculative from all three positions regarding future developments in the
society and in technology.
Architects have always been an important stimulating stakeholder for technological
developments in the domestic domain. The innovative idea of automation in the domestic environment is initiated by progressive architects like Mason.
In conclusion, architects and building engineers must be involved in the development
of domotic homes and domestication of the domotics in the dwelling, -no matter how
called- right now and in the future. It must be noted that this duty concerning content
will probably change in the future. At the moment, due to the current situation surrounding domotics applications and systems, the input of the architect is a crucial
factor; this in regards to the necessary infrastructure and adaptation for the suitable
environment for seniors by for example concealing and integrating cables within the
building components of the current housing stock. Even in the future, when wireless
technology pushes on and new smart and “transformational” materials such as smart
bricks, smart windows or intelligent building skins are introduced, the speciality of
the architect will still be needed in these new grounds. The transformation of the intelligent and responsive materials in the domestic environment leads to a challenging
boundary for architecture. This challenge can be described as creating a domestic environment which reacts to the inhabitant’s feelings and response. It is not about architectural form in 2050 but about a shift in perception of the domestic environment, as
a result this leads to a shift in architectural perception. This leads to the next section
of this research.
The realization of the second part of the main goal of this thesis “the integration of
domotics into the senior’s patterns of daily life” concerns “to dwell in the intelligent
environment” in the all-purpose sense; as a “residential architect,” the architect is involved in this matter and focuses on both tangible and intangible dimensions of the
home.
However, irrespective of the different visions of the future, it is currently, due to societal interests, the architects responsibility to co-develop solutions for suitable homes
for seniors, either being new housing projects, or renovations tailored to the needs of
the current generation seniors.
B.
Is the price of domotics a decisive factor?
In the sketched decisions, economic arguments play a decisive role. According to the
professionals, the price of domotics is often regarded as one of the most important
cause of the slow breakthrough. Hence, this concerns the subjectivity of the parameter
“price;” figures that the consumer finds expensive or cheap is not fixed. It concerns
the price-quality ratio of a product and with that also the “recognized value” and the
“latent value.”
Also, for a residential care corporation the value can be related to the efficiency of the
primary process of this housing corporation. If the care giving gets more efficient by
domotics, this provides an important exploitation benefit which can justify the higher
investment. As a director of a participatory residential care organization mentioned to
gain advantages for his organization as the key driver for domotics.
The investigation into attitudes of seniors (Chapter three) is in this case also an investigation into the potential and latent value. The value assigned to a product is also
subject to change for example, in the past air-conditioning in a car was a disputable
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C.
Is the involvement of the end user in the development of domotics essential for
initiating a fashionable trend?
Nowadays, it is a popular statement that domotics must be instigated by “market-pull.”
On the other hand, “technology-push” is taboo. As reaction to the well-known statement “If technology is the answer, what was the question?” (David Mitchell), with
regard to domotics, it can be stated that there is practically no demand for domotics
from the end-users; in other words, there is “no pull” at the moment.
The empirical research done in this thesis supports the conclusion that the perceived
advantages of domotics do not weigh up against the perceived disadvantages and problems. This means that implementation of domotics must still be pushed by the industries, the healthcare sector, the technological sector, the government, and by science.
Together, the professional stakeholders of domotics do gently try to create a need that
is not currently present and try to make end-users “aware” of the fact that domotics,
“tele-care”, etc. is a must have for when they become older. It is more a question of a
“policy push” than of a “technology push,” a strategy based on the creation of fear for
the old days, where problems are presented to the seniors together with the solution.
However, the reality is that society is being confronted with an increasing number of
seniors and healthcare dependent individuals, the decreasing number of caregivers,
and extramuralization. Domotics can surely be an answer to all this. The question is,
how do we do that?
Throughout the thesis, solutions were sought for answers to the stated problems and
the seniors were involved in the investigation and the product development process:
by identifying the needs and attitudes, and testing products.
Involving end-users to test whether a product meets the technical requirements is an
ordinary method in product development. Why does testing products to determine
whether it meets the needs of the end user not become an ordinary method as well;
especially in the case of a product such as domotics, where the relationship between
the needs and the product – as an answer – is too complicated.

5. Integration

The argument “the high price of domotics” has currently drive the fact that there is
no actual need for domotics; but when that need does arise, the question will become
whether the product market creates value. Need is a decisive factor here, it is about
considering the pros and cons, not costs and price.
From this research, it seemed that the seniors principally weigh the benefits of domotics as heavier than the costs; in other words, if domotics can provide the end-user with
more added value and functionality, there is no objective reason for the user not to
pursue the product. This means that new functionalities must be added which the user
experiences as valuable; this is what domotics currently lacks.
For this reason in the pilot houses functionalities like LED-lights, heating elements
and adjustments in the bathroom are taken into account, which have added value to
the user.

6. Conclusions

luxury, nowadays cars are delivered with stock air-conditioning.
Marketing and promotion plays an important role in the parameter price; the way a
product is presented and offered to the user influences the acceptance of it independent
of its objective price. For example, the end-user will not buy certain products separately, but will accept them as one integrated product; this is comparable to the many
functions added to mobile phones. It concerns the difference between “nice-to-have”
and “not-to-have”.
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Epilogue
As a child, I lived in Masdjed Solyman, located in a beautiful, hilly area in the south of
Iran. I would often spend my summers with my remarkable, intellectual grandfather,
an autodidact; who had taken up the role as wise counsellor, doctor, lawyer, and mediator in the local community.
He could spend hours telling me stories, stories of great Iranian poets, such as Ferdozi,
Nezami, and Saadi, stories of world history and of world literature. I would give my
full attention, I could not get enough of his stories; I had already read Emile Zola at
the age of 13.
From that moment onwards, I was fascinated by science. This promotion is therefore
a very special moment in my life, and I dedicate it to him.
Working as a PhD-researcher is a privilege, there is no function that gives one so much
freedom, but at the same time requires so much from you, it becomes your research,
your challenge, your passion. You are living it 24 hours a day, you talk about it so
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reaching the summit of an unclimbed mountain.
I have had the privilege to have been involved in diverse functions, jobs, and situations
during my career, and I must say I have found this one to be the greatest: I have learned
and travelled a lot, I have enjoyed every minute of it, and yet especially at the very end
I had to toiled a lot. In brief, the past four years have been rich and intense.
But I definitely feel relieved that after calling out “it is almost finished” for months,
I can finally shout: “It is finished.” I can finally call myself “me” again, and not “the
author of this thesis.” Finally, after four years, I can express my own thoughts without
references and sources, analysis and conclusions, to put it shortly: unscientifically.
Without the cooperation of many who have supported me in this research and thesis, it
would have never been possible to achieve this.
I would like to thank my supervisors: my first promoter prof.dr.ir. Jos Lichtenberg for
the freedom, the full trust, belief in my capacities, his indispensable support, and kind
attention especially at the end of the project.
My second promoter; prof.ir. Jouke Post, I would like to cordially thank him for his
critical vision and wise, brief, directional advice.
I would like to thank my co-promoter, dr.ir. Peter Erkelens, for the fact that I could
share my worries and doubts with him. Peter, the calm and trust you showed made it
very pleasant for me to share my confidential discussions with you, and teach classes
with you. Through the combination of teaching and scientific research, I remained
enthusiastic for both.
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I owe a lot of thanks to the Province of North-Brabant and Brabant Development
Agency (BOM) for providing the grant that made this project possible and Hansa
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For two years, the members of the focus group have been actively involved in my research: Thea Wirds, Gerard van de Hart, Marij Cox, Carla Willemsen–Willems, Theo
Willemsen, Bert van der Does, Rita Claessen-Schrijnemaekers, Marianne and Tsjeu
Cox. I enjoyed keeping in touch with these critical seniors and their difficult questions
which the professionals often did not have complete answers to.
I am also indebted to the professionals and colleagues from the TU Eindhoven and TU
Delft in this research who so openly shared their knowledge and experiences, especially dr. Wim Heijs, dr. Aloys Borgers and dr. Astrid Kamperman for their collegiate
and valuable scientific advice during the research amongst seniors.
At the TU/e, on floor seven, a good working environment is present to complete a
PhD. research; I have had the opportunity to enjoy four years of very valuable, special
colleagues and the atmosphere on “vloer 7.”
Women in stressful situations seem to have a great desire for social support, I was
blessed with this. The sociability during the short breaks at the coffee machine, the
“social meeting place,” and the short celebrations of ones birthday offered a human
counterweight against the many research schedules, statistics, and matrixes, which
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greatly to the warm atmosphere of the workplace.
Thanks to my ex-classmate and friend, Dominic Tegelbeckers for his stimulating tips
and enthusiasm and of course the beautiful cover design and Mie-Sue Akkerman LLM,
for checking the English version of the thesis.
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very much from you and deeply enjoyed every moment of our friendship. Without
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Samenvatting
DE DOMOTICASENIORENWONING
Langer zelfstandig blijven wonen (aging-in-place) is zowel een filosofie als een concept dat de zelfredzaamheid en bewoonbaarheid van alle type woningen door senioren
bevordert (Lawlor en Thomas, 2008; Nasar en Evans-Cowley, 2007), hetgeen verwijst
naar de mogelijkheid om zo lang mogelijk in eigen huis te kunnen blijven wonen,
ongeacht de leeftijd of fysieke en geestelijke vermogens van de bewoner.
Dit concept ondersteunt niet alleen de fundamentele behoefte van de senior om in een
vertrouwde omgeving te blijven, maar ook de behoeften op het niveau van welzijn,
gemak, veiligheid en zorg. In deze filosofie zijn aspecten van levensloop, aanpassingsmogelijkheden en toegankelijkheid opgenomen.
De EU probeert de gevolgen van de vergrijzing op te vangen als onderdeel van een
algemene strategie van elkaar versterkende beleidsmaatregelen, gelanceerd tijdens de
the Lisbon European Council (maart 2000). Dit spoort met de aanpak van de andere
European Councils in Nice, Stockholm, Götenborg en Laken, omdat in de meeste EUlidstaten vergrijzing van de bevolking wordt verwacht.
Een belangrijke factor daarbij betreft de senioren zelf; de senioren van nu
verschillen op tal van punten van de senioren van vroeger (e.g. Dychtwald en Flower,
1990; Vrom-raad, 2005; Freedman, 2002; Verté en Witte, 2006).
Senioren willen actief blijven, mee blijven doen in de samenleving, hun leven zelfstandig inrichten en willen ook zo lang mogelijk zelfstandig blijven wonen.
De huidige 55-plussers zijn geëmancipeerd, actief, zelfbewust, volgen cursussen, verrichten vrijwilligerswerk en maken reizen.
Het vroegere deficitmodel is verlaten en vervangen door actieve participatie
(Ven, 2007; Verté en Witte, 2006). Zowel arbeidsparticipatie als participatie in het
verenigingsleven of vrijwilligerswerk vormen voor ouderen bij uitstek de gelegenheid
om hun sociale contacten te onderhouden of uit te breiden.
In de moderne hedendaagse gerontologie wordt het competentiemodel gehanteerd
(Ven, 2007). Dit model benadrukt de competenties en vaardigheden waarover de
oudere mens (nog) beschikt zonder daarbij of in pessimisme of in een onrealistisch
optimisme te vervallen.
Er is bij senioren sprake van een individualiseringstrend om onafhankelijk van
anderen te kunnen beslissen over de invulling van het eigen leven. Binnen deze trend
vindt een verschuiving plaats van materiële behoeftebevrediging naar ‘zelfactualisatie’
(Idenburg, 2005).
Bij ouderen wordt de kwaliteit van leven bedreigd door de wegvallende sociale rol en
sociale relaties en door de gevolgen van ziekten, ongevallen en afnemende vitaliteit.
Volgens de WHO1 (2002), is “active aging the process of optimizing opportunities for health, participation and security in order to enhance the quality of life as
people age”. Langer zelfstandig wonen is hierbij een belangrijk item. In deze studie
is door behoeftenonderzoek en door onderzoek van attituden de relatie onderzocht
1. World Health Organisation
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tussen woonvoorkeuren en woonbehoeften enerzijds en perceptie en achterliggende
motieven anderzijds.
Domotica kan een adequaat middel zijn om de senior toe te rusten (‘empowerment’)
voor een zelfredzaam leven, mits een evenwicht wordt gevonden tussen de dagelijkse
activiteiten van de ouderen en de invloed van domotica daarop. Zo willen ouderen zelf
beslissingen kunnen blijven nemen over al dan niet gebruik maken van de aanwezige
technologie, wat kan conflicteren met de te starre domoticatoepassingen. De technologie moet inspelen op de gevoelens die er nu bij senioren zijn met betrekking tot deze
geavanceerde technologie.
Doel van het onderzoek is om een beter inzicht te krijgen in de mate waarin en wijze
waarop domotica kan worden geïntegreerd in de woonomgeving van de senior teneinde de kwaliteit van leven te handhaven of te verbeteren.
Al dan niet zelfstandig blijven wonen wordt bepaald door een complex van factoren;
voor zover dit de woning betreft is naast het gevoel van veiligheid een aanvaardbaar
niveau van wooncomfort van cruciaal belang. Onder wooncomfort wordt verstaan de
afwezigheid van discomfort in wonen; dit ter onderscheiding van “luxe”. Met discomfort worden knelpunten bedoeld, ergernissen, ongemakken, risico’s e.d., veroorzaakt
door mobiliteitsbeperkingen, medische problemen of beperkingen in de Algemeen
Dagelijkse Levensverrichtingen (ADL) (Knook en Nesselaar, 2001). Verbetering van
wooncomfort in deze zin draagt bij aan verlenging van de periode van zelfstandig
wonen. Senioren blijken gevoelig te zijn voor verbetering van comfort; zij blijken
daarbij ook niet afkerig te zijn van innovatieve technologieën.
De huidige domoticatoepassingen zijn echter voornamelijk gericht op alarmering,
bewaking, waarschuwing en beveiliging.
Het “totaal woongenot” (Priemus, 1984; Hayward, 1975) kan beïnvloed worden door
domotica; domotica in de woning beïnvloedt alle dimensies van het wonen: de beschuttingsdimensie, de utilitaire dimensie, de territoriale dimensie, de symbolische
dimensie en de communicatieve dimensie. De focus in deze studie is gericht op een
integrale aanpak, dat wil zeggen: de woning wordt beschouwd als een stelstel van te
manipuleren bouwkundige onderdelen dat moet voldoen aan de behoeften van de gebruiker.
Zo kunnen in de evolutie van automatisering in de woning drie ontwikkelingsfasen
worden onderscheiden: in de eerste fase stond de techniek centraal, in de tweede fase
begon de techniek het woningontwerp te beïnvloeden en in de derde fase komt ‘het
wonen’ centraal te staan d.w.z. het gaat om de ontmoeting van de bewoner en de techniek in de woning.
Geconstateerd kan worden dat de aandacht die in de beginfase voornamelijk gericht
was op “het automatiseren” zelf, zich geleidelijk aan verplaatst in de richting van de
woning, het wonen en de bewoner. Hiermee komt zicht op integratie van de techniek
in het wonen. Dit laatste is de invalshoek van dit onderzoek.
Gebaseerd op literatuurstudie (Aldrich, 2003; Venkatesh e.a., 2003; Vegesack
en Eisenbrand, 2006) wordt in dit onderzoek vanuit een bouwkundig invalshoek
onderscheid gemaakt tussen vier typen woningen, toegerust met domotica: (i) ordinary
homes, (ii) e-domotic homes, (iii) i-domotic homes, en (iv) smart surrounding. Het
eerste type betreft het grootste deel; het zijn gewone woningen met enige intelligente
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stand alone apparaten. Het tweede type domoticawoning, met elektronische domotica,
betreft woningen met domoticatoepassingen die aangesloten zijn op een binnennetwerk
met toepassingen als toegangscontrole, actieve of passieve zorgalarmering, brand- en
inbraakbeveiliging, looprouteverlichting, thuis/weg-schakelaar, dag-nachtschakelaar,
keuken aan/uitknop e.d.
Dit type woning is, meestal als proefwoning, speciaal gericht op de zorg en veiligheid
met name voor senioren. Het tweede type (e-domotica) wordt snel ingehaald door het
derde type domoticawoning, de i-domotic homes. Dit type woning is gespecificeerd
door de mogelijkheid van een online verbinding die het hele gamma van mogelijkheden en voorzieningen (zorg, veiligheid, communicatie, comfort, recreatie en diensten)
in de woning mogelijk maakt. Voor dit type woningen wordt ook de term “networked
homes” gebruikt (Venkatesh e.a., 2003) en “connected homes” (Aldrich, 2003). Deze
woningen geven de huidige stand van zaken aan met betrekking tot de technologische
innovatie in de woning in grote delen van de westerse wereld (CABA, 2008; European Network Construction Research, 2005; European Commission, 2008). Projecten
gericht op tele-zorg, tele-medicine, home monitoring and diagnostics, die nu in de
ontwikkelingsfase verkeren, vallen binnen deze categorie.
Het vierde type domoticawoning, smart surrounding, refereert aan toekomstige
ontwikkelingen op dit gebied; ontwikkelingen die vooralsnog in de experimentele fase
verkeren: “learning homes” en “attentive homes” (Aldrich, 2003), huizen met “the
human substitution” en robotisering (Venkatesh e.a., 2003), een sociaal intelligente
woning (Aarts en Marzano, 2003). Intelligente microsensoren zijn overal “ingebed”:
in de bouwkundige structuur, in de kleding, in apparatuur en zelfs in het lichaam. Dit
kan een nieuwe dimensie geven aan de architectuur.
Ondanks de grote vooruitgang op ICT-gebied in de laatste decennia, verkeert domotica
nog in de creatiefase d.w.z. de fase van proefprojecten en pilots. Implementatie op
grote schaal, waarvoor adoptie door de gebruikers een voorwaarde is, heeft nog niet
plaatsgevonden; domotica is niet doorgebroken in de woonsector. Technologie is een
enabler; het gebruik van technologie krijgt vorm in allerlei sociale processen, zowel in
organisaties als op de werkplaats als in de huiselijke omgeving.
In deze studie is onderscheid gemaakt tussen zes categorieën uitdagingen voor
ontwikkeling van de domoticawoning: (i) sociale en culturele, (ii) promotional en educatieve, (iii) (bouw)technologische, (iv) organisatorische en financiele, (v) beleid en
(vi) duurzaamheids (environmental) factoren.
Deze factoren spelen een belangrijke rol bij het bepalen van de attitude en intentie tot
adoptie van domotica vanuit de vraagzijde en bij de implementatie en diffusie vanuit
de aanbodzijde.

METHODOLOGISCHE AANPAK
Metadoelstelling van dit onderzoek is om een bijdrage te leveren aan handhaving c.q.
verbetering van de kwaliteit van leven van senioren door verbetering van de kwaliteit
van wonen m.b.v. domotica. Daarvoor dient domotica geïntegreerd te worden, zowel
in het bouwconcept van de woning als in het dagelijkse leefpatroon van de senior.
Domotica integreren wil zeggen een samenspel creëren tussen technologie, woning
èn gebruiker. Dit genereert samen de ‘empowerment’ die de senior in staat stelt om
zelfredzaam te blijven leven.
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De onderzoeksvraag luidt: “Op welke wijze kan integratie van domotica bijdragen aan
optimalisering van de kwaliteit van het zelfstandig wonen van de senior?”
Hieruit zijn de volgende drie deelvragen afgeleid:
RQ1: Hoe kan domoticatechnologie geïntegreerd worden in het zelfstandig wonen van
senioren?
RQ2: Op welke wijze kan de domoticawoning bijdragen aan het vervullen van deze
behoeften en affiniteiten van de senior?
RQ3: Op welke wijze kan de aanbodzijde domotica faciliteren in de seniorenwoning?
Deze studie betreft een diepgaand onderzoek naar de materiële en immateriële
aspecten van (zelfstandig) wonen in een domoticawoning, een multidisciplinair veld
waarin principes en innovaties van bouwkunde, gerontologie, zorg en menswetenschappen opgenomen zijn, gericht op de verhoging van de kwaliteit van leven van de
bewoner. Deze aanpak maakt het mogelijk om onderzoek te verrichten naar huidige
domoticavoorzieningen en het bestaan van onvervulde kwalitatieve behoeften van de
ouder wordende mens te belichten.
In dit promotieonderzoek is gekozen voor een function-oriented approach. Daarbij
wordt uitgegaan van de vraag van de gebruiker, maar wordt door verdere analyse van
de vraag onderzocht op welke behoefte(n) deze vraag in wezen gebaseerd is.
De producten worden hieraan getoetst en nieuwe producten kunnen op basis hiervan
worden ontwikkeld.
Theorieën van Reasoned Action (Fishbein en Ajzen, 1975), Technology Acceptance
Model (Davis, 1989; 1993) uit het sociologisch en gerontologisch domein, strategieën
m.b.t. zelfstandig wonen en Slimbouwen uit het domein van de bebouwde omgeving,
vormden de basis van het theoretisch raamwerk voor deze studie.
Het onderzoek bestaat uit drie deelonderzoeken, (i) een studie over de vraagzijde (potentiële gebruikers), (ii) een studie over de aanbodzijde (bedrijfsleven, overheden,
wetenschappers) en (iii) een case study (integratie).
De gewenste domoticafunctionaliteiten en de beschikbare technologie worden in dit
onderzoek samengebracht, d.w.z. de behoeften en attitude aan de vraagzijde worden
gerelateerd aan de keuzemogelijkheden aan de aanbodzijde en vervolgens vertaald
naar kenmerken van de seniorenwoning.
De identificatie van de nuttige functionaliteiten en domoticatoepassingen zijn afgeleid
van een zorgvuldig en iteratief proces van analyse en synthese van eerdere werken
(literatuur) en van empirische studies.
Op basis daarvan zijn in het kader van een case studie twee bestaande woningen bouwtechnisch aangepast. Hiervoor is op experimentele basis een product ontwikkeld voor
het integreren van de domotica infrastructuur in bestaande woningen.
In het onderzoek zijn drie fundamentele methoden toegepast: literatuurstudie,
enquêtes en interviews met de belangrijkste stakeholders van de domoticawoning.
Deze drie onderdelen van het proefschrift zijn samengevat in het onderzoeksmodel.
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ONDERZOEK SENIOREN
In hoofdstuk 3 worden twee empirische studies beschreven die betrekking hebben op
de vraagzijde. Het doel was om de attitude van senioren t.a.v. domotica en de factoren
die hierop van invloed zijn te onderzoeken. De meest gebruikte theorieën en modellen op dit gebied zijn TPB (Ajzen, 1985), dat uitgaat van de relatie tussen attituden,
intenties en gedrag en het daarop gebaseerde TAM model (Davis, 1989) dat zich richt
op invloed van attitude op het beslissingenproces om nieuwe technologieën te gebruiken. Deze modellen gaan over het meten van de attitude en gedrag bij gebruikers
van technologieën; potentiële gebruikers kijken op een andere manier naar een nieuwe
technologie dan gebruikers (Yu e.a., 2005). Domotica is nog niet (breed) op de markt
geïmplementeerd; de meerderheid van de senioren heeft geen ervaring met dit product.
Gebruikers hebben het product al geaccepteerd en benadrukken de onvolkomenheden;
potentiële gebruikers kennen het product niet en moeten er nog een mening over vormen.
In de bestaande modellen ontbreekt ook de factor behoefte, een factor die in het geval
van deze doelgroep belangrijk is bij adoptie en acceptatie van domotica.
Daarom is voor dit promotie-onderzoek voor het meten van de attitude een nieuw
model ontwikkeld, dat uitgaat van de perceptie en behoeften van de senior. Aan de
hand hiervan is de relatie tussen de factoren die gerelateerd zijn aan de vorming van
attituden ten aanzien van de domoticawoning empirisch onderzocht.
De betreffende deelonderzoeksvragen luiden:
SQ1: Wat zijn de behoeften en attituden van senioren ten aanzien van domotica in de
woonomgeving?
SQ2: Welke indicatoren vanuit de vraagzijde zijn bepalend voor integratie van
domotica in het dagelijkse leven?
Om een betrouwbaar resultaat te krijgen is in deze studie gekozen voor een mix
methode: een combinatie van kwalitatief en kwantitatief onderzoek (Steckler e.a.,
1992; Biemans, 1991; Edwards en Staniszewska, 2000; Tenopir, 2003). De kwalitatieve studie is explorerend en diagnostisch en geeft antwoord op de vraag naar het
“wat” en “waarom” en creëert daarmee een beeld van de achterliggende behoeften en
motieven van senioren ten aanzien van de domoticawoning.
Voor dit gedeelte van het onderzoek is de focusgroep senioren geformeerd; de
focusgroep-procedure is gebaseerd op triangulatie van groepsgesprekken, projectieve
technieken en diepte-interviews. Uitgaande van dit model zijn de woonbehoeften van
senioren door middel van analyse van dagelijkse activiteiten onderzocht, is bepaald
wat de attitude van senioren ten aanzien van domoticawoningen is, wat de karakteristieken van een domoticawoning zijn en welke eisen aan deze woning gesteld moeten
worden.
Het hierop volgend kwantitatief gedeelte van het onderzoek, bestaande uit een enquête
gehouden onder 2000 senioren, gespreid over heel Nederland, heeft de uitkomsten van
het kwalitatief onderzoek bevestigd. Deze uitkomsten inzake de attitude ten aanzien
van domotica kunnen worden gegeneraliseerd m.b.t. Nederlandse senioren. Daarmee
is de relatie tussen de constructen van het model (needs, perceived advantages, perceived disadvantages and attitude) getoetst. De items die deze constructen representeerden zijn m.b.v. vijf-puntsschalen geregistreerd. Met behulp van factoranalyse van
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de ingevulde items in 497 vragenlijsten zijn de drie constructen (needs, perceived
advantage, perceived disadvantages) geïdentificeerd als significante voorspellers van
de attitude ten aanzien van domotica.
Uit het onderzoek zijn grote individuele verschillen in woonbehoeften naar voren gekomen; het blijkt dat achtergrondkenmerken van de senior (persoonlijke kenmerken,
omgevingskenmerken en informatiekenmerken) invloed hebben op de bepaling van
de attitude.
Het behoefteonderzoek heeft uitgewezen dat senioren, na gedegen informatie en kennismaking, domotica ten principale niet afwijzen, maar er wel kritisch en afwachtend
tegenover staan. Gebleken is dat senioren positief staan tegenover mogelijke aanschaf
in de toekomst. Uit het onderzoek blijkt dat de senior niet overtuigd is van de toegevoegde waarde van de geboden functionaliteiten voor zijn huidig leven. De kostenbaten analyse pakt daardoor negatief uit. Het ontwikkelde model van dit onderzoek
heeft echter ook tot de conclusie geleid, dat bij afweging van perceived advantages en
perceives disadvantages bij het maken van keuzes, de voordelen en affiniteiten meer
invloed op de attitude van senioren hebben dan de nadelen, angsten en weerstanden. In
de beleving van “voordeel” vindt bij ouderen een accentverschuiving plaats naar het
hier en nu. Senioren zijn op dit moment niet bereid om te investeren in een voorziening
die ze, naar eigen zeggen, misschien in de toekomst nodig hebben.
Domotica kan tot op heden gekenschetst worden als een mismatch tussen technologie
en de behoeften van de doelgroep; door de aanbodgerichte aanpak is er meer sprake
geweest van “variëren” dan “innoveren”. Voor verdere ontwikkeling en doorbraak van
domotica dienen niet alleen de functionaliteiten beter te worden afgestemd op de werkelijke behoeften van senioren, maar dienen ook de mogelijkheden en toegevoegde
waarde van domotica duidelijker te worden aangetoond. Er is geen domoticafunctie
die door senioren beschouwd wordt als de “killer-applicatie”. De huidige domoticatoepassingen zijn niet aantrekkelijk genoeg om doorbraak mogelijk te maken. Hier
ligt een enorme uitdaging voor de ontwikkelaars van domotica. Daarbij gaat het niet
zozeer om acceptatie van de zorgfunctionaliteiten, waarvan nut en noodzaak door de
senior wel wordt ingezien, maar realisatie naar ‘later’ wordt verplaatst, maar om belangstelling te wekken voor functionaliteiten die voor het zelfstandig wonen van nu
ondersteunend zijn doordat ze bijdragen aan veiligheid en het gevoel van welbevinden
door verhoging van comfort. Zolang domotica meteen geassocieerd wordt met ziekte
en gebreken, terwijl senioren over het algemeen steeds langer gezond blijven, zal
doorbraak van domotica op zich laten wachten. Dit kan zelfs leiden tot “anti-diffussie”
en “non-adoptie” van domotica door de meerderheid van deze doelgroep.
Andere dan zorgfunctionaliteiten, bijv. comfort en veiligheid kunnen de impasse
doorbreken. Al dan niet zelfstandig blijven wonen wordt immers bepaald door een
complex van factoren.
Wat betreft de woning en het wonen is naast het gevoel van veiligheid een aanvaardbaar niveau van wooncomfort van cruciaal belang. Uit het behoefteonderzoek kwam
een toenemende behoefte aan comfort naar voren in de zin van vermindering van discomfort (Advantages for the IADL activities and Treat advantages).
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Gebleken is dat senioren gevoelig zijn voor gemak en verhoging van comfort; zij blijken daarbij innovatieve technologieën niet af te wijzen. Bijvoorbeeld bij de introductie
en acceptatie van de mobiele telefoon, was het – na een periode van afwijzing - juist
het comfort (gemak) dat deze doelgroep overtuigde.
Opvallend is ook de snel toenemende vertrouwdheid van senioren met nieuwe technologieën zoals ICT; het internetgebruik onder senioren is de laatste jaren hand over
hand toegenomen. Alle leden van de focusgroep en 85% van de respondenten van de
enquête beschikken over een internetaansluiting.
Het lijkt dan ook op grond van het attitudeonderzoek aannemelijk dat comfortverbetering voor senioren een goede ingang is om vertrouwd te raken met domotica. Daarom
is in dit onderzoek expliciet aandacht besteed aan verbreding van het toepassingsgebied van domotica van basisvoorzieningen als alarm naar comfortverhoging in de
woning, zoals bewerkstelligd door de in de case studie ontwikkelde multifunctionele
DCA-wall.
Uit het onderzoek wordt geconcludeerd dat de domoticawoning moet voldoen aan
behoeften m.b.t. welbevinden, autonomie, verbondenheid en zich thuis voelen, veiligheid en zekerheid.
Bij de bewoner gaat het om het geheel van het wonen en niet om de toepassingen: de
senior koopt in wezen geen domotica, maar woongemak en wooncomfort.

ONDERZOEK DESKUNDIGEN
Door empirisch onderzoek van de aanbodzijde van domotica is kennis en inzicht verworven van de “state of the art” van domotica en van de visie van de belangrijkste professionele stakeholders uit Nederland en de EU-landen België, Duitsland, Frankrijk,
Groot-Brittannië, Italië en Spanje op de ontwikkeling van domotica in het eigen land
en de andere landen.
Het ging hierbij om beantwoording van de volgende vraag: “Op welke wijze kan de
aanbodzijde domotica in de seniorenwoning faciliteren?” (RQ3)
Uitgaande van deze vraag richt het onderzoek naar de perceptie van deskundigen zich
op drie gebieden:
i)
het product domoticawoning, voordelen en problemen daarvan en de eisen en
kenmerken waaraan dit product moet voldoen;
ii)
het huidige proces en beeld met betrekking tot domoticawoningen en de toekomstverwachtingen van de deskundigen; en
iii)
de visies van deskundigen op de bouwkundige implicaties van de domoticawoning en de rol van de bouwkundige daarbij.
Dit exploratief onderzoek is tweeledig: een kwalitatief deel bestaande uit interviews
van domotica deskundigen in Nederland en een kwantitatief deel bestaande uit een
internetenquête, uitgevoerd onder key stakeholders van domoticawoningen in zeven
EU-landen.
De professionele stakeholders zijn geclassificeerd in de volgende vijf categorieën:
deskundigen uit (i) bouwsector, (ii) zorgsector, (iii) domotica technologie, (iv) beleidmakers en (v) onderzoekers.
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Het kwalitatief onderzoek betrof experts uit de sectoren domotica-technologie, bouw,
bedrijfsleven, zorg, beleid en wetenschappelijk onderzoek. Met behulp van diepteinterviews (n=22) zijn de verwachtingen van de deskundigen met betrekking tot
domotica onderzocht.
Bij het uitvoeren van de interviews is gebruik gemaakt van de semigestructureerde
interviewtechniek (Longhursta, 2009; Baarda e.a., 1996; Emans, 2002; Evers, 2007).
Onderzocht is wat de invloed is van gesignaleerde knelpunten op de bouwkunde en hoe
deze knelpunten kunnen worden opgelost.
Er is een analyse van de visies van deskundigen opgesteld met betrekking tot de toepassing van domotica in seniorenwoningen (Creswell,2003; Denzin en Lincoln, 2000).
Op basis van dit onderzoek is een classificatie gemaakt van de voor- en nadelen van de
domoticawoning wat later met behulp van de enquête verder is onderzocht.
Bij de internetenquête in de genoemde EU-landen ging het om professionals uit de
sectoren zorg, onderzoek, technologie, bouw en beleid. De respondenten zijn in dit
onderzoek benaderd via het internationale netwerk van de KNX associatie.
Van de in totaal uitgenodigde 6.732 professionals hebben er 362 gereageerd; een responspercentage van 6%.
Er is overeenstemming tussen de deskundigen wat betreft de onderschrijving van de
stelling dat de implementatie van domotica traag verloopt (67%), maar ook wordt de
mening gedeeld dat vanuit de eigen sector of bedrijf gezien, toepassing van domotica
binnen vijf jaar zal toenemen (75%). Onbekendheid bij de potentiële gebruikers wordt
door 74% van de deskundigen als het grootste probleem gezien. Dit in tegenstelling tot
de conclusies van het onderzoek onder senioren: de senioren gaven aan wel bekend te
zijn met domotica, maar datgene wat geboden wordt niet te ambiëren; o.a. hieruit blijkt
dat de deskundigen, die de aanbodzijde representeren, niet voldoende op de hoogte
zijn van de behoeften van de doelgroep, terwijl 60% van hen juist heeft aangegeven
“redelijk tot goed op de hoogte te zijn van de behoeften van de gebruiker.”
Deze kennis is vergaard door eigen ervaring, zegt 65% van de deskundigen. Professionals die werkzaam zijn in Duitsland en Nederland geven overigens aanzienlijk
minder vaak aan een optimaal inzicht te hebben in de behoeften van de eindgebruiker.
Door dit onderzoek wordt bevestigd dat er met betrekking tot toepassing van domotica
op dit moment geen optimale match is tussen de aangeboden technologie en de praktijk
van het wonen.
Andere door deskundigen genoemde oorzaken van de trage doorbraak van domotica
zijn de prijs, de bedrijfsrisico’s en weerstanden bij de gebruiker, zoals de mogelijke
angst voor verlies van controle.
De meningen van deskundigen over de meest kansrijke toepassingen zijn verdeeld,
maar over het belang van energiemanagement en automatische temperatuurregeling is
de meerderheid van deskundigen (57%) het met elkaar eens.
Uit het onderzoek blijkt dat vooral in Nederland zowel deskundigen als senioren het
verhogen van wooncomfort en het vergemakkelijken van het dagelijkse leven, alsmede
het verder ontwikkelen van de technische kenmerken van domotica de belangrijkste
prioriteiten van domotica vinden.
Een deel van de geënquêteerde deskundigen (36%) is van mening dat de term domotica
gestigmatiseerd is en een kansrijke promotie op de markt in de weg staat; deze deskundigen, veelal uit de bedrijfssector, zoeken de oplossing door het eigen product onder
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een nieuwe naam op de markt te brengen. De meerderheid (55%) van de deskundigen
ziet naamswijziging echter als een schijnoplossing en geeft de voorkeur aan een gemeenschappelijke terminologie, dus handhaving van de term domotica.
Opvallend is hoe deskundigen de “state of the art” van domotica in het eigen land
percipiëren en hoe zij die van de andere Europese landen beleven. Deskundigen buiten
Duitsland vinden over het algemeen dat Duitsland het verst gevorderd land in de EU is
op het gebied van domotica; daarentegen geven Duitse deskundigen aan dat men daar
juist niet ver gevorderd is.
Franse deskundigen zien het eigen land als “niet ver gevorderd”, maar herkennen de
eigen organisatie wel in het profiel van voorlopers; Nederlandse deskundigen spreken
van: “in enige mate gevorderd” en herkennen de eigen organisatie in het op één na
vooruitstrevendste profiel. Van de deskundigen zegt trouwens 61% dat hun organisatie
koploper op het gebied van innovatie is.
Ontwikkelingen op het gebied van domotica spelen zich meer en meer op internationaal niveau af en de ontwikkelingen in de verschillende landen beïnvloeden elkaar.
Projecten in diverse landen worden door EU-organisaties ondersteund en belangrijke
normeringen en maatregelen worden vaker op Europees niveau vastgesteld.
Vaak wordt geconstateerd dat de stakeholders op elkaar wachten en dat niemand
het initiatief neemt. Volgens het merendeel van de deskundigen is de bouwsector de
aangewezen sector om het initiatief te nemen bij de invoering van domotica. Alleen
Spaanse deskundigen noemen de overheid als belangrijke initiatiefnemer.
De “state of the art” van de attitude ten aanzien van domoticawoningen kan op dit
moment het best worden aangeduid als ambivalent en afwachtend, niet alleen vanuit
de vraagzijde maar ook vanuit de aanbodzijde. Domotica is voor de bouwkunde en
bouwsector nu een onzekere factor omdat de consequenties van het dynamische proces
van veranderingen in woonbehoeften, leefpatroon van de senior en snelheid van veranderingen in technologische toepassingen niet te overzien zijn. Het product domotica
is ontwikkeld vanuit een “technology push” en wordt nu voornamelijk toegepast in de
zorg. Domotica kan op dit moment een aanbod zonder echte vraag genoemd worden.
Toch is het maatschappelijk belang o.a. door de vergrijzing, enorm.
De beperkte nieuwbouw voor senioren zal niet in staat zijn om de gevolgen van de
vergrijzing op te vangen. In de woningbouw is daarom thans veelal sprake van renovatie of aanpassing van seniorenwoningen. Het concept “domoticaseniorenwoning” stelt
senioren in staat om langer zelfstandig te blijven wonen en voorkomt in een aantal
gevallen noodgedwongen verhuizingen.
Stelling zes van dit proefschrift luidt dan ook: “Als de overheid en de bouwwereld niet
slagvaardig inspelen op de komende behoefte aan voldoende geschikte woningen voor
zelfstandig wonende senioren zal het extramuralisatiebeleid tot mislukking gedoemd
zijn; een staatssecretaris voor ouderenbeleid in het nieuwe kabinet is dan ook geen
overbodige luxe.”

CASE STUDIE DCA-HOMES
Het derde deel van deze studie betreft de onderzoeksvraag m.b.t. de integratie van
domotica: “Op welke wijze kan de bouwkunde domotica faciliteren in de seniorenwoning?” (RQ3)
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Dit hoofdstuk bespreekt het associatieproces van de wenselijke automatisering en beschikbare technologie in de woonomgeving van de senior, dat wil zeggen de attitude
en de behoeften van de vraagzijde (hoofdstuk 3) zijn gerelateerd aan de perspectieven
en alternatieven aan de aanbodzijde (hoofdstuk 4) en vervolgens zijn deze vertaald naar
de kenmerken van de domoticaseniorenwoning. Op basis van deze empirische studies
zijn er als case studie twee proefwoningen, bewoond door twee senioren, aangepast
(hoofdstuk 5). Deze case studie richt zich op het verhogen van het wooncomfort en
verhelpen van het infrastructurele probleem van de toepassing van domotica in bestaande woningen. Het legt de basis voor de integratie van domotica in de huiselijke
omgeving van de senior en bevestigt dat bij het ontwerp een interdisciplinaire benadering onmisbaar is voor het samengaan van vraag en aanbod in de intelligente leefomgeving.
Voor vertaling van het ontwikkelde concept van de domoticawoning naar de praktijk
is de verworven kennis van behoeften aan de vraagzijde afgezet tegen de innovatieve
ontwikkelingen aan de aanbodzijde. Dit heeft geleid tot keuze van domotica-apparatuur en -producten die zijn toegepast in de twee proefwoningen.
Domoticavoorzieningen in bestaande woningen verstoren volgens senioren veelal het
esthetisch beeld; vaak lopen bekabelingen in het zicht langs de muren, waardoor afbreuk gedaan wordt aan de esthetiek van de woning. De wijze waarop de infrastructuur t.b.v. domoticavoorzieningen in bestaande woningen wordt aangebracht, bepaalt
in hoge mate de acceptatie van deze voorzieningen. Echter, het onzichtbaar toevoegen van nieuwe infrastructuur in bestaande woningen blijkt (vanwege het gebrek aan
flexibiliteit in de woningen) moeilijk en ingrijpend, vooral omdat domotica-apparatuur
vaak op hoogte (plafond en wand) aangebracht moet worden.
De projectgroep heeft een adequate oplossing ontwikkeld die toepasbaar is in vrijwel
alle bestaande woningen. Uitgangspunt hierbij was dat de domotica toepassingen en
technologieën die worden ingezet niet alleen functioneel en gebruiksvriendelijk, maar
tevens zo onzichtbaar mogelijk aanwezig moeten zijn en tevens moeten bijdragen aan
het creëren van een comfortabele woonsfeer.
Doel van de productontwikkeling was: “het ontwikkelen en toepassen van een
esthetisch verantwoorde infrastructurele oplossing voor stroomvoorziening en datatransport ten behoeve van domotica-apparatuur in de bestaande woningbouw waardoor het wooncomfort van de bewoner verhoogd wordt.”
Deze infrastructurele oplossing moet, om geaccepteerd te worden door de bewoner,
meer bieden dan alleen een opbergruimte voor domotica-bekabeling, m.a.w. de toegepaste voorziening dient multifunctioneel te zijn.
Uitgaande van deze analyse en doelstelling is als eerste product de “DCA-Wall” ontwikkeld, een voorzetwand, waarachter alle infrastructuur voor stroomvoorziening en
datatransport t.b.v. domotica wordt aangebracht. Ter verhoging van het optische, geluids- en thermische comfort is de voorzetwand voorzien van “ambient light” (verlichting die zich aanpast aan de omgeving), wandverwarming en de nodige extra data- en
stroomaansluitingen, die uitbreidbaar zijn. Door de DCA-Wall wordt zowel het wooncomfort verhoogd, als een esthetische en functionele meerwaarde gecreëerd.
Deze wand is toegepast in twee proefwoningen in Eindhoven, bewoond door senioren.
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De bewoners van deze woningen zijn nauw betrokken geweest bij de ontwikkeling
en realisatie.
In een case studie als deze is een probleem aan de hand van een case bestudeerd;
daarbij gaat het niet om de case als zodanig, maar om de case als “drager” van een
bepaald verschijnsel of probleem. De focus van deze case-studie lag op het verhogen
van wooncomfort en gevoel van welzijn van de bewoner in zijn huidige, bestaande woning door toepassing van domotica. Voor het infrastructuurprobleem is een oplossing
ontwikkeld, uitgaande van het principe van Slimbouwen dat integratie in het woningconcept bereikt wordt door desintegratie van de (domotica-)installatie in de woning.
Aangetoond is dat domotica-aanpassingen in bestaande woningen realiseerbaar zijn.
De toegepaste technologie kan vervolgens zorg op afstand binnen bereik brengen.
Dit perspectief kan leiden tot geheel nieuwe concepten voor een woonzorgomgeving,
waardoor de huidige “gap” tussen vraag en aanbod in het woonzorgaanbod overbrugd
wordt.
Geconcludeerd kan worden dat de DCA-wall een positieve bijdrage levert aan integratie van domotica in het woonconcept.
Voor integratie van domotica in het leefpatroon van de senior moet nog veel verbeterd
worden aan de bestaande domoticasystemen en -applicaties m.n. wat betreft interfaces,
die het de gebruiker mogelijk maken om onder eigen regie actief met domotica om te
gaan. Domotica die de gebruiker in de passieve rol drukt, prijst zichzelf uit de markt.
Momenteel bevindt domotica als geheel zich nog in de transferfase. Dit wordt onderschreven door 67% van de geënquêteerde deskundigen in de EU. Er vinden experimentele projecten en pilots plaats, die projectgebonden blijven; adoptie op grotere schaal
heeft nog niet plaatsgevonden. Aandacht voor deze transferfase is echter van cruciaal
belang zowel op meso-niveau (woningbouwcorporaties, bedrijfsleven en overheden)
als op microniveau (eindgebruiker). Bij domoticaprojecten dient meer rekening te
worden gehouden met de noodzakelijke ontwikkelingsfasen van een innovatie, zoals
beschreven door Rogers (1983), Cozijnsen en Vrakking (1986) en Lichtenberg (2004).
Het verdient aanbeveling deze fasen te volgen en m.n. in het geval van domotica
voldoende tijd te nemen voor de transferfase, waarbinnen de adoptie door de doelgroep
valt, alvorens over te gaan tot de implementatiefase (introductie en incorporatie).
Uit het EU-onderzoek blijkt dat de overheid niet als dè primaire initiator van domotica
gezien wordt. Maar de steun van de overheid in de transferfase van domotica is van
eminent belang voor stimulering van verder onderzoek en ontwikkeling. De rol van
de overheid hierbij is die van “catalyst” en niet die van pushende “subject agent”.
Voortijdige implementatie forceren is in de domoticageschiedenis noch effectief, noch
efficiënt gebleken. Voorkomen dient te worden dat nogmaals half ontwikkelde domoticaproducten, die niet beantwoorden aan de behoeften en kwaliteitseisen van de
doelgroep op de markt worden gezet.
Bij introductie van domotica is het van belang om ruime aandacht te besteden aan het
voorkomen en wegnemen van vooroordelen en weerstanden, zowel bij bewoners als
bij zorgverleners. Het adoptieproces wordt bevorderd door informatie, demonstratie,
discussie en last but not least, door te wijzen op de mogelijkheden tot flexibele aanpassing aan persoonlijke behoeften en wensen van de gebruiker. Vanaf de start van een
project dient daarom de vraagzijde bij het ontwerpproces betrokken te worden.
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