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ABSTRACT
Context. Living conditions for elderly people, including household services and healthcare provision in
the home, have become a hot topic worldwide with the aging of the population and the rising societal
costs for healthcare. The rapid increase of elderly populations putting a heavy strain on social welfare,
healthcare providers, hospitals, nursing homes and service homes for elderly as well as on elderly
people themselves and their caretakers, next of kin and social networks. Design of Eco-Smart Homes
for the elderly is a practical and efficient approach that aims to address and deal with this situation.
Intelligent housing offers support for independent living for elderly through the application and
integration of advanced technologies in the home. The aim is to provide a full range of services to meet
diverse and individual needs. Sustainability issues are addressed in design, development and building as
well as in service provision.
Objectives. In this study we investigate the conceptual modelling of the eco-smart home for elderly
independent living in relation to the perceived needs and requests of the elderly population. Rather than
focusing on the various technologies involved, however, we have basically ‘blackboxed’ the technical
systems themselves and how they interact with each other. Our main focus is on exploring the needs of
the elderly as a base for designing the different levels of the care service system in the eco-smart home.
From these two points – integrated technological solutions for eco-smart housing, presented as a
meta-system of blackboxed systems, and smart, adaptable care service levels for meeting the varying
needs of the elderly – we aim to provide ideas and suggestions that can not only be of use for the
Intelligent House Builder but also take into account the needs of users and the question of costs, which
are important aspects of sustainable solutions.
Methods. A literature review has been carried out, in which we have mainly focused on articles about
technologies for smart homes. We have also interviewed three experienced employees in the welfare
sector who work with the implementation of ICT solutions in healthcare and homecare. With their help
and guidance, we gained a better understanding about the practical needs of the elderly, and the present
situation in Swedish healthcare and homecare. Additionally, we have conducted interviews and a survey
among elderly people about their opinions and requirements. After this, we have interviewed and
discussed our conceptual model with a project leader in the area of innovations in applied health
technology who has a number of years of experience of use-centered design of health technology for
home care and who gave us valuable feedback on our conceptual model. Finally, we did evaluation
workshops with questionnaires in Karlshamn and Ronneby.
Results. We have designed an exemplar of an eco-smart home which includes integrated technologies
to support and provide care service for the elderly. We have developed a comprehensive
system-of-systems model and a care service-level model which we have mapped on to the
system-of-systems model. The resulting conceptual model, which is a sketchy working construct
intended to support integrative thinking around eco-smart homes for independent living, includes 5
main technology systems and 3 levels of customer service. The conceptual model was used in our
interviews and survey to get feedback from elderly people as well as experts about the concept of
service levels and integrated technologies in eco-smart homes.
Conclusions. We conclude that the conceptual model we developed was supportive in our own work
with trying to understand and address the complexity of designing an eco-smart home for independent
living for the elderly, and that it also provided support for communication with elderly people about
their care needs, requirements and expectations about technology-enhanced supportive living
environments. Our interviews and survey among elderly, though limited in scope, indicate that elderly
people living in Sweden are inclined to be interested in eco-smart home solutions and integrated design
of technologies that can satisfy the primary needs of the elderly.
The contribution of our thesis is to provide a comprehensive exemplar of a comfortable eco-smart
environment for elderly independent living which combines integrated technologies with choices of
desired level of service, thus bringing complex combinations of a multitude of different technological
systems required for eco-smart homes closer to the actual everyday needs of the future users. From a
Computer Science perspective, in the overlapping application domains of eco-smart homes and
technical support for healthcare and homecare service provision, our main contribution is to bring to the
foreground a focus on integrated services which are adaptable to different levels and combinations of
user needs in the context of eco-smart elderly independent living.

Keywords: elderly, independent living, smart home, eco-smart home, health technology,
integrative system design, service design, homecare, user needs

Prologue
I still can't forget those touching moments; they are always fresh in my mind. During my studies in
Sweden, I often met elderly people, for whom almost every step was difficult, pushing a walker with
palsied hands, slowly making their way forward in the supermarket, on the bus, or along a sidewalk that
was covered with ice and snow. These elderly, frail and often disabled people try to do everything by
themselves. Most of them live by themselves, without their children. I admire their spirit and
independence. There is a difference in the culture and social background between Sweden and China. In
China, the elderly people always stay with their children and most of them are taken care of by their
younger generations. However, in Europe the elderly are more independent of their families. This
means their old age can be relatively difficult and lonely. I cannot change this social phenomenon now
in Europe; I can only concentrate on the research concerning eco-smart housing for elderly independent
living in order to possibly contribute to providing the elderly with a relatively comfortable and happy
life. I hope the eco-smart home can help them to do some of their shopping on the internet, so that they
just need to speak to the system and the system can send the list to the shop, resulting in food delivery to
the front door. The eco-smart home should make it unnecessary for elderly people to go to the hospital
by themselves; they just need to call and face the doctor or nurse for day-to-day health concerns and
advice on-line. Even though they may prefer to live independently from younger generations, family is
important for elderly people in Sweden, too. If they miss their granddaughter, they just need to speak to
the system “Please call my angel!” This, essentially, is the aim and objective statement from Xiaohui
Liu’s personal perspective, as stated in the spring of 2013.

Theoretical Background
In this section we briefly present the framework and main contents of the thesis. From the start
of our project, we have searched for information about technologies which have been applied
in the context of smart homes and how smart home solutions can be comprehensively
modelled for continuing design-in-use of healthcare and homecare service provision for
elderly independent living. The development of models of real-world problems is key to
software requirements analysis and thus central to the discipline of Computer Science. The
purpose of models is to aid in understanding the situation in which the problem occurs, as well
as depicting a solution. [46:1-8] In our thesis, the conceptual model we develop comprises
black-boxed models of existing technical systems from the application domain of smart homes,
configured to reflect their real-world relationships in the eco-smart home for elderly on an
abstract meta-level. Abstraction is “a view of an object that focuses on the information
relevant to a particular purpose and ignores the remainder of the information”. [47] Our focus
is primarily on adaptable healthcare and homecare service provision for elderly independent
living in an eco-smart home context. We introduce the technology background and discuss
usability issues in this context. Thereafter, we analyze the social background and living
conditions for elderly in the country involved, which in this case is Sweden. There is, we argue,
a note-worthy relationship between the study of applied technologies for smart homes and the
social background, situation and context within which they are being designed, developed and
implemented. In the third part of this section, we briefly describe the objective of our thesis.
A. Technology Background

Given the choice of topic we have made, a top priority of our study has been to understand the
technology background of eco-smart homes in relation to the needs of elderly who want to live
independently in their own homes for as long as possible. Previous research on smart homes
shows that technological solutions which are applied in this context are diverse and
complicated. Different design ideas, often with the support of various kinds of technology,
have proliferated in this area over the past decades. When adding ‘eco-’ to the concept of the
smart home, the complexity is exacerbated, as the over-all system concept is broadened to
include both more distinct systems, and more aspects of all the involved systems. To
determine the value and feasibility of integrated technology solutions for eco-smart housing
for elderly independent living, we perceived a need for developing a comprehensive
conceptual model – an exemplar – which could be used to discuss service-oriented solutions
focused on care provision levels, which the users could relate to more easily than to the
technology itself. There are two main aims of our research concerning technology background.
The first is to gain an overview of and summarize technology which has been widely used and
matured in the context of the smart home and to bring technologies for eco-smart living in to
this picture; the second is to study technical support for care services which are useful and
suitable for elderly independent living and to apply a user-driven service design perspective to
design of eco-smart homes. Usability issues are crucial, especially when designing for elderly
people who may have multiple disabilities to contend with in everyday life and who may not
be used to using ICT.
In order to develop a comprehensive conceptual model of an eco-smart home, we categorize
available technology for eco-smart homes into five major systems. First of all, this allows us to
introduce the general category of technology for eco-smart homes in a concise way, while
black-boxing the technical solutions per se. (Technical solutions for eco-smart homes and how
they interact with each other will generally differ widely between different system solutions.
Design of specific, detailed technical solutions for eco-smart homes is not the focus of our
study). Secondly, it helps the readers to gain an overview of some of the different types of
technological solutions which are being applied in this area, without having to understand the
technical solutions per se. Finally, it shows something of the scope of the on-going
development of technology applications in eco-smart homes, without getting lost in details.

The five major systems we have chosen to identify and include in this context are: the security
system, the power sensing system, the solar energy system, the network application and the
intelligent memory system. The number of different technical systems included in the
conceptual model, how they are categorized and delimited, what each system encompasses or
excludes, how they are labelled and how the systems interact with each other is not the focus of
our thesis. These issues are, though highly relevant for the domain of smart home research in
Computer Science, more or less arbitrary, given the purpose of our thesis. In this context, they
signify as a whole and on a meta-level, the scope and complexity of eco-smart home solutions
into which we are attempting to introduce a user-centered, service-oriented perspective on
adaptable technology support for healthcare and homecare for elderly independent living. In
the next paragraphs, we will briefly introduce these different technology systems. (Remember
they could just as well be 4 or 8 – they signify on a more general level, the scope and
complexity of technologies for eco-smart homes, and the reader is kindly advised not to get
stuck in contemplating the details or delimitations of these specific 5 systems. They are used
here as signifiers of something which is important to keep in mind, but which is not the main
purpose of our abstraction.) We have also set up related survey questions in a survey we
distributed among elderly people (see Appendices A-C). You can find more information about
the details in the research questions part of the thesis.
The security system: From our point of view, security is the most important aspect of all,
especially for elderly people who may be living alone. The security system is the basic
system in the entire building. The classification of service products in the smart home has
been professionally divided into 20 kinds in 2012 [43]. This includes parts such as the
control panel (centralized controller), the electrical control system, solar and
energy-saving equipment and so forth. In our exemplar of an eco-smart home for elderly
independent living, the security system not only secures the basic facility, but also
provides special applications, such as an intelligent burglar alarm, smoke alarm and
emergency help alarm.
The power sensing system: In this part we pay attention to the power control by
technology, which includes indoor temperature control, lighting systems, voice control,
infrared microwave detection, exhaust ventilation, built-in vacuum cleaner etc. These
applications can be personalized by being set to default values that depend on the daily
habits of the users. This addresses the need which has been identified in recent research in
health sciences as well as in healthcare and homecare practice to offer more attentive and
personalized care and support for the elderly.
The network application: With the development of science and technology more and
more network applications appear in our lives. This system can provide support for
embedded sensor systems, which can support healthcare providers by unobtrusively
supporting paying close attention to the mental health of elderly from a distance. This
system supports remote monitoring, network video, networking services and so on. These
applications can help elderly keep in touch with the service agency, their friends and
family at any moment via the network.
The solar energy system: We decided to include this system because the development of
the technology in this area has now become quite mature, and as it provides renewable
energy at a reasonable cost, it should qualify for use in an eco-smart home. Solar energy
can provide a number of benefits for our eco-smart home, such as a thermal control
system, reserve power supply etc.
The intelligent memory system: This is a system that can ‘learn’ the customs of the user
and define and suggest necessary actions depending on the accumulated memory. The
main purpose of this system is to provide personalized support in everyday life aiming to
meet the personal needs and requirements of the users.
These systems (i.e. the various smart technical subsystems included in the overall smart home
system, whether they are depicted as 4, 5, 8, or 10 different subsystems in a specific solution)

are not independent of each other. They respond to and are interrelated with each other in order
to merge, from a user perspective, into a unified whole and in order to achieve necessary
security, facilitate communication, provide environmental protection and a comfortable living
environment. However, the focus in our project has not been on specific design solutions of
individual technological systems and how such systems interact with each other. The focus in
our project has been on how to combine the concept of eco-smart homes with the concept of
independent living, in a comprehensive conceptual model which supports communication
with future users about design issues concerning personalized care services. Abstraction is, as
stated in the beginning of this section, “a view of an object that focuses on the information
relevant to a purpose and ignores the remainder of the information”. [47] The aim of our thesis
project has been to high-light user needs and requirements from a service perspective in
eco-smart homes for elderly independent living. With this purpose in mind, we have
developed a conceptual model which combines a meta-level overview of an imagined
eco-smart home system with a meta-level adaptable service system to meet individual needs
that may, and most probably will, vary considerably over time. The purpose of models is to aid
in understanding the situation in which the problem occurs, as well as depicting a solution.
[65:1-8] The purpose of our conceptual model is to shift the focus from a smart home as
(simply) a conglomeration of smart technological solutions installed in a house, to a smart
home as an enjoyable, safe and supportive home environment for elderly people, as well as a
functioning and supportive work place environment for healthcare and homecare staff.
B. Social Background

During the 20th century, due to reduced fertility and improved survival rates world-wide, life
expectancy changed dramatically. In the last 65 years – since 1950 – the average life
expectancy at birth has increased globally by more than 20 years. It is expected to increase by
another 10 years by 2050 [12]. The range of variation in life expectancy is still broad between
developed and developing countries as well as between different countries within these groups,
but the tendency towards an aging population is global. In Sweden, the percentage of the
population over 65 years old has now reached 18%, which means that Sweden is among the
leading countries in the world concerning aging population [13]. In China, similarly, the aging
population has increased, and the number of elderly over 60 years old has now reached close to
160 million, which is equivalent to 12% of the total population [14]. Improved health
conditions and survival rates have thus resulted in an aging population, labor shortage, greatly
increased societal costs and spending on healthcare and a seriously increased social burden
[15][16]. The on-going rapid aging of the population, with a growing percentage of people
over 80 years old, will in the near future greatly increase the care needs and the cost for sickly
and disabled people [16].
According to the literature we have read, as well as to the results of our interviews and
questionnaire, elderly people have a strong sense of independence in Europe. A majority of
them are living alone in their old age. According to the results of our interviews and
questionnaire, their own perception of their health status indicates that they have different
degrees of dependency on healthcare and homecare, nursing homes and hospitals. Compared
to Chinese conditions, although the traditional concept is that children should take care of their
parents, due to the current social situation, this is becoming more and more problematic. Adult
children are heavily occupied with work and care for young children, and thus often too busy
to take care of their elderly parents. Therefore, more and more elderly people have begun to
live alone. The Chinese currently have 1.67 billion elderly people, and disabled elderly
number 10.36 million; semi-disabled elderly 21.23 million. These groups represent different
and varying degrees of need of care services [17]. Throughout the world, the rapidly aging
population is raising prominent social issues which the world is facing today.[15] Thus, the
question of how to use recent and on-going developments in science and technology to support
a reasonable living situation for elderly individuals has become a very urgent social issue [12].

Therefore, this thesis mainly focuses on the design of eco-smart homes for elderly independent
living and how such homes might be conceptualized on a meta-level in order to support
user-centered integration of eco-smart technologies with technology support for adaptable
healthcare and homecare services. Intelligent building technology which takes the
environment into consideration has been gradually integrated into people's daily life in
Sweden in recent years. Moreover, there is considerable on-going research and development
on intelligent building technology both in industry and in academia here. The use of smart
home technology is relatively mature in Sweden compared to in China. Most of our interviews
were conducted in Sweden. Therefore, we have chosen to focus primarily on Sweden and the
Swedish context in our thesis.
C. Objective of the thesis

The objective of this thesis is to explore how the design of eco-smart homes for elderly
independent living can be conceptualized and modelled in ways that make it possible to relate
systems of multiple, complicated technical systems to personalized service design of
homecare and healthcare for elderly users, based on the complex and varying needs of these
users.
From these two starting points – integrated technological solutions for eco-smart housing and
smart, adaptable services for meeting the varying needs and preferences of the elderly users
and supporting their care providers in a home environment which must often also function as a
workplace for care providers – the aim is thus to provide an exemplar that can generate
innovative ideas and inspire future design and development which can provide safe,
comfortable, convenient and cost-efficient living for a growing elderly population
world-wide.
The objective is also to explore, through interviews with elderly, to what extent elderly people
living in Sweden are interested in and see a need for eco-smart home solutions that combine
integrated technologies with choices of desired level of service for elderly people.
Note about the structure of the thesis: The structure of the thesis was dictated by the original

master thesis project course plan (Course code DV2531, approved 2013-02-15), which
included the mandatory requirement that the thesis comply to the IEEE conference article
template. The separate abstract and theoretical background (see above) was not mandatory but
was inspired by other student project reports presented within the framework of the same
course, as a way of including information which would normally be included within a master
thesis report, but which would not normally be included in a conference article.
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Design of Eco-Smart Homes for Elderly
Independent Living
Zhang Yiran
Liu Xiaohui

Abstract—The aging of the world population has increased
dramatically during the past century. The rapid increase of
elderly population is putting a heavy strain on healthcare and
social welfare. Living conditions and service provision for elderly
people have thus become an increasingly hot topic worldwide. In
this paper, we address this problem by presenting a conceptual
model of an integrated and personalized system for an eco-smart
home for elderly independent living. This approach was inspired
by an on-going European project, INNOVAGE, which
researchers at Blekinge Institute of Technology are currently
participating in, and which focuses on regional knowledge clusters
for promoting eco-smart homes for elderly independent living.
Contrasting the social situation of elderly in China and Europe,
we have chosen to focus on a solution for a Swedish context, which
takes technical, environmental, social and human-computer
interaction aspects into consideration in the design of eco-smart
homes for elderly people in Sweden. Three studies have been
carried out in order to clarify and explore the main issues at stake.
A literature review gave an overview of on-going research and the
current state-of-the-art concerning smart homes. The literature
review, along with an interview of an expert on solar energy, also
gave insights into additional design challenges which are
introduced when focusing specifically on eco-smart building
solutions. In order to explore and gain a better understanding of
the perceived needs and requests of the target group, i.e. the
elderly population, we carried out interviews with three experts in
healthcare and homecare for the elderly, and also carried out
interviews among the elderly in Karlskrona and interviews and a
web survey among the elderly in China. As a way of addressing
the design challenges of integrating a multitude of diverse,
complicated technical systems in a home environment while at the
same time high-lighting the need for comprehensive personalized
service provision for elderly people, we designed a conceptual
model – an exemplar – of an eco-smart home for elderly
independent living. The eco-smart home exemplar aims to inspire
interdisciplinary and multi-stakeholder discussions around
innovative design and development of environmentally friendly,
comfortable, safe and supportive living for the elderly in the
future. Finally, we did an evaluation of the model in two
workshops with elderly people in two different towns in Blekinge.
Index Terms—elderly, independent living, smart home,
eco-smart home, health technology, integrative system design,
service design, homecare, user needs

II. INTRODUCTION

W

the aging of the world's population increasing
dramatically, solving the issue of living and care
provision for elderly has become an urgent topic. The Chinese
have a saying: “Piety is the foundation of all virtues”. This
means that the most important duty and honorable attribute of a
person's character is taking care of their parents, which is
ITH

fundamental to human morality and decency in our country.
Each and every one of us can expect to become old. Everyone
needs to be taken care of in their old age, no matter how
powerful, rich or famous they are. The reason why we chose
this topic for our thesis is that we wanted to contribute to
improving the possibility for elderly people to have a
comfortable and happy old age. Of course, this is also preparing
for our own future. At the ECOSMART 2013 international
networking gathering on eco-smart building solutions for life
held in Bali, Indonesia. 2013, global communities that are
working towards sustainable development were strongly
encouraged and a joint commitment was made to sustainable
development, green growth and the use of clean technologies in
the building sector. [44] This is one of many examples that
indicate a growing awareness worldwide that the eco-smart
home is an essential issue for sustainable development. As part
of the on-going development of the social high-tech era, smart
home services for the elderly will become an inevitable trend.
This article focuses on recent and current research and
development concerning smart homes and eco-smart homes,
and on how systems of various complicated technical systems
for eco-smart homes and service provision can be integrated
and personalized in this context to meet the various and shifting
needs of elderly individuals.
Eco-smart homes provide a new environment for humans;
based on technology that has been designed and developed to
be ecologically sound and sustainable as the base for the smart
home system [1] Smart residential housing can enhance
security, support reasonable resource consumption, provide a
wide range of services for residents, and form a virtuous
circulatory system. Smart homes aim to minimize the defects or
weaknesses of the ordinary house. The reason we have chosen
to study ecologically intelligent housing for the elderly is that
eco-smart homes have the potential to meet urgent needs of an
aging population while at the same time providing intelligent
optimization of residential environments.
The eco-smart home is equipped with technology that through
various applications provides support and service for
inhabitants, supports and encourages independence and the
maintenance of good health. The complexity of the multitude of
technologies involved in the eco-smart home is however a big
challenge. For example, computer networks act as a bridge for
house-based cabling, integrated configurations of various
functions within the building subsystems, the realization of
communication systems, automated systems, embedded sensor
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systems and building-integrated management of a variety of
devices. Besides this, there are air conditioning systems,
heating and water-heating systems, water and sewage
management, power distribution systems, lighting systems,
elevators, fire alarm systems, security systems, and access
control systems.
The rapidly aging populating is a worldwide issue of concern,
yet design of the eco-smart home needs to take in to
consideration appropriate design solutions for different
contexts and cultures in different parts of the world. By
comparing Chinese and European social environments, we can
begin to perceive important distinctions and differences.
Almost all elderly people are taken care of by their children or
other next-generation next-of-kin in China. The sense of family
responsibility – both for one´s children and for one´s parents –
is very strong. In Europe, although this may vary between
different countries and different environments, people are
generally more independent, and the relationship between
elderly people and their adult children does not seem to be as
close as in China. Elderly people in Sweden seem to prefer
living independently in their own homes rather than living
together with their children. Based on these observed Swedish
and possibly mainly Northern European social conditions, we
chose to study smart homes for independent living as a possible
way to meet the unique needs of the elderly. This social
situation is discussed in somewhat more detail in Section II A.
Social Background.
In this article we discuss the design of eco-smart homes for
elderly as a way to provide a comfortable living environment in
which they can enjoy their later years. Through a literature
review, we have gained an overview of the current state-of-the
art of smart home technologies, and also learned something
about usability issues in this context. Through interviews with
healthcare and homecare experts, and interviews and a web
survey based on a questionnaire targeting elderly people, we
have learned more about user needs and requirements among
elderly people. An interview with an expert on solar energy
indicated both the economic and ecological gains to be made by
applying eco-smart building principles to smart homes, and
something about the added complexity and scope of the smart
home technologies when ‘eco-’ is included as an important
attribute of the design solution. The objective of the thesis is to
develop a meta-level conceptual model which can support an
interdisciplinary and multi-stakeholder dialogue around both
the integration of multiple systems of complicated eco-smart
technologies for the eco-smart home and the overlay on this
technology platform of personalized intelligent support for care
services in the home for the elderly. The aim is thus to provide a
conceptual model – an exemplar – which can support further
innovation, design and development bringing various products
and services of relevance in this context together for the
purpose of improving their interoperability, adaptability and
usability, with elderly users´actual, varying needs as a central
and driving concern. If the intended results are achieved, we
believe this could contribute to better usability as well as lower
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construction and management costs of eco-smart home systems,
greatly improving the available intelligent solutions and their
adaptability to individual needs and requirements, and thus
their usefulness for elderly people. Thus, the smart home
exemplar should be of interest for multiple stakeholders in this
area who are concerned about implementing and managing
eco-smart living solutions for all, and especially for elderly
people in an aging population.
The structure of the thesis is as follows: In Section I, we briefly
introduce the motivation for our choice of topic and discuss
advantages of eco-smart homes. In Section II, we briefly
compare the social and cultural backgrounds of China and
Europe when it comes to taking care of elderly people, as a way
to understand the problems which are surfacing in different
parts of the world with the increased aging of the population
worldwide and how these problems are related to the context
and culture in which they need to be addressed and viable
solutions developed. In Section III, we present the objective of
the study, describing the direction and expected results. In
Section IV, we discuss the research methodology; present the
results of the iterative literature reviews, the interviews with
experts and interviews and web survey based on questionnaires
targeting elderly people. In Section V, we describe the
meta-level conceptual model we have developed for supporting
an interdisciplinary and multi-stakeholder dialogue around an
integrated system/care service level approach to designing an
eco-smart home for elderly independent living. In Section VI,
we continue modelling the system and analyzing the results. In
Section VII, we attempt to evaluate the system and present our
conclusions. In Section VIII we discuss challenges and need for
future work. References are presented in the reference list at the
end of the article. Questionnaires and the exemplar we designed
of an eco-smart home for elderly independent living are
presented in separate appendices.
III. BACKGROUND
A. Social Background
A.1. Aging World Population brings a series of problems
Aging populations have become one of the main issues of
concern worldwide. Asia and many countries in Europe have a
serious problem in having aging populations; if the
development continues as it has done over the last six decades;
a large percentage of the population of these countries will soon
be elderly who are over 65 years and an average age of the
population will over 50 years.[48] According to the UN
Department of Economic and Social Affairs Population
Division, between 2011 and 2030 the proportion of the world
population in the 65 or over age group is estimated to increase
to 32% and the 80 or over age group will double from 8.5% to
17%. [19] In recent years, the aging population problem has
increased dramatically, and a series of urgent questions have
arisen in the wake of this dramatic development. Many
countries are now facing the following issues: healthcare
requires increased efficiency as the number of support workers
falls and the number of elderly people increases; [20]
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healthcare demands and costs are skyrocketing; [21] the
number of people living with chronic diseases and disabilities is
growing. [22] Similar and related problems emerge in a
seemingly endless stream. One of the most serious problems is
the elderly living problem. As people grow older, their bodies
gradually become frail and more susceptible to falls, broken
bones, diseases and health problems in general. If they do not
have children to take care of them, or if their children have no
time to take care of them, the issue of these elderly people’s
living situation and care becomes a serious problem, both for
themselves and for society.[10] Moreover, the number of the
sickest elderly still living at home in Sweden is increasing. This
is a worrying trend, especially since the number of younger
people between the ages of 20 and 64 is expected to decrease.
[50] In order to ease the current situation of a rapidly aging
population and their living conditions, adjusting the family
planning policy is quite necessary. Meanwhile, there will be a
serious shortage of nursing homes, eco-smart homes and
domestic services on the market due to an aging population. A
decrease of labor productive forces will also increase the
pressure on the industry of healthcare service. [2] Finally,
environmental improvements are necessary to improve the
health standards. Facing the rising problems and finding
sustainable solutions for healthcare, homecare and everyday
life problems for the elderly is particularly important. It is in
this context and given this development that the research and
development of eco-smart homes for elderly independent living
should be seen. These issues are becoming more and more
urgent to address.
A.2. Cultural background support of China and Europe
In China, due to the extremely strong tradition of family duties
and obligations, it is considered a universal moral law or basic
value that adult children take care of their aging parents. Due to
China's family planning policy during the last century, a couple
can have multiple children after marriage, thus leading to the
expansion of family members. Almost all the elderly people
could be taken care of from their generation base with this
condition. The situation of elderly independent living is still
relatively unusual. However, with the recent and on-going
development of Chinese society, life of a new generation of
young people will probably involve a gradual shift of focus
concerning what is seen as the hub of everyday life, from
multi-generation households to work and social activities.
Societal issues related to the aging population and changing
family patterns of life have already begun to appear, especially
the growing need for elderly service centers, nursing homes and
other public service projects. From a market point of view,
however, China with regard to the intelligent housing demand
is clearly not Europe, even though the growth of China's real
estate industry and the intelligent community has attracted the
attention of the government and various first-tier cities.
Considering Chinese construction costs and population factors,
mass production will become the inevitable trend of intelligent
housing. In recent years, intelligent residential construction in
China has seen rapid development. There is some high
technology content in newer residential areas in many localities,
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including some that have gained international recognition such
as the Guangzhou Grand View Park, Shanghai Yidong garden
etc. [3] However, for intelligent housing in the sense of
experience-based, intelligent and well integrated combinations
of architecture and technology to become a large scale reality,
various management areas must be addressed and involved.
Therefore, the intelligent housing development in China will be
long-term and arduous. The Seventeenth Congress of the
Chinese Communist Party’s "statement" about "accelerating
social construction" focuses on improving people's livelihood,
with "the basic pension" as the main focus, i.e. to promote the
reform of old-age insurance systems in enterprises,
organizations, institutions, to explore the establishment of rural
old-age insurance systems, particularly stressed the need to
"strengthen the work of aging.” Security is an important aspect
to improve the livelihood of the people. The government and
society actively support exploration, innovation and
diversification of the city pension model, to solve various
problems encountered in the innovation of endowment patterns,
making actions feasible to better meet the needs of an aging
population .[4]
In Europe, young adult children live their lives on their own and
elderly people prefer independent living solutions, rather than
living with their adult children. The pension strategy of most
European countries is dependent on the "endowment" function:
in the social security system, the elderly are endowed with
independent economic ability; in welfare facilities, service
systems and living environment, conditions are adjusted to suit
the elderly, designed on different levels and in different forms
for adaptive supportive functionality. Elderly living facilities
can be divided into five general types, although there are large
variations between different countries: independent homes and
apartments in general residential areas with varying degrees of
additional security and service made available; apartments in
service houses adapted for the elderly, with some shared spaces
and facilities; nursing homes providing a certain, limited
amount of homecare and healthcare and shared activities;
nursing homes for elderly who need constant care; elderly
health intelligent residential areas.[3]
B. Technology background - development of eco-smart homes
The first definition of an eco-smart home for elderly people
seems to have emerged in 1991 within the field of
‘gerontechnology’, which concerns matching technological
environments to health, housing, mobility, communication,
leisure and the work of older people. Research outcomes form
the basis for designers, builders, engineers, manufacturers, and
those in the health professions to develop technological support
for elderly people. [42] Later, this was called home automation.
Home automation focusing on support for elderly people is
often called ambient assisted living. In France and Belgium it is
common to use the term ‘Domonique’ and in the Netherlands it
is called ‘Domotica’. [5] Over the years, the technology used in
intelligent buildings has gradually matured.
The eco-smart home is used as a term for a residence equipped
with technology that is designed to minimize disturbances and
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damages to the ecological system and maximize sustainability
and that, as part of the aim for societal sustainability, allows
various applications to provide service for inhabitants or
encourages independence and the maintenance of good health.
During our literature study of recent and on-going research on
smart homes and eco-smart homes, we found that the main gap
in research and development of the smart home concerns the
complexity of the technologies involved and how multiple
smart home technologies can be integrated to support everyday
use and the users in comprehensive ways. Here we give a few
examples: (1) the case of Gator Tech Smart Home which was
developed by the University of Florida and is based on
environmental sensors for comfort and energy efficiency,
security and activity monitoring technologies. [23] (2) The
smart adoption of biometric technologies for physiological
monitoring which apply mainly to weight and temperature. [24]
(3) The Drexel Smart home which focuses mainly on energy
appliances. [25] (4) The MIT Smart house where the focus is
mainly on digital technologies for supporting communication,
social interactions and responsive solutions.[26] (5) Interesting
on-going research at Halmstad University, Sweden, with a
focus on artificial intelligence algorithms for achieving
situation awareness in smart homes. [49]
These examples provide compelling evidence of what is
possible from a technical perspective, evidence growing
worldwide, that has contributed to promoting the further design,
development and implementation of advanced technologies for
smart.. In our study, our purpose has been to explore how such
multiple and complicated systems of technologies can be
conceptualized and modelled together on a meta-level as an
integrated system which includes personalized healthcare and
homecare services for the elderly and puts the service
perspective in the center.
IV. AIM AND OBJECTIVE STATEMENT
A. Research Description
This article focuses on meta-level modeling of an eco-smart
home which combines intelligent technologies with support for
adaptable levels of healthcare and homecare service provision
to meet elderly needs of living independently in their own home
in ways which provide an enjoyable old age for elderly people.
The meta-level model is intended to support multi-stakeholder
communication around the concept of eco-smart homes for
elderly independent living and the different user and use
perspectives that need to be considered in this context.
Studies have indicated the need for distinguishing between
"young elders" and "old elders". [27] In an article about the role
of technology in assisted living, the authors suggest that “the
technology should develop with the elders as their needs and
conditions evolve.” [40] The design should be humane,
simplified and standardized but adaptable for individual needs.
[6] As old people grow older, they generally experience
changes in health status, which means they have individual and
shifting needs for technical intelligence within the smart home.
[28] There is a need for future cross-disciplinary research to
address issues such as designing integrated systems for smart
homes, designing better human-computer interface solutions

which take into consideration usability aspects for elderly users
with varying needs, requirements and preferences, and of
designing better tools for self-managed healthcare and
homecare [29]. The main challenges for the design of eco-smart
homes for the future can be summarized as follows: (1) To
more fully integrate their construction, computing infrastructure, and service delivery aspects; (2) The proposed
solution must match or exceed the patient’s current standard of
living; (3) User habits and intentions should be studied in more
detail and respected whenever possible. [30] During our
literature study, we have not found a comprehensive approach
for achieving a solution to these problems. Therefore, we argue,
to address these challenges and design a meta-level conceptual
model of an integrated system for an eco-smart home for
elderly independent living is timely and necessary.
B. Problem Definition
From our literature review, we have learned that the eco-smart
home is an efficient way to achieve an energy conservative
home, and thus actively respond to the increasing need of a
more sustainable development trajectory for humanity. So
“smart” of the eco-smart home means such homes are smart for
energy conservation, but does not in itself guarantee that such
homes are smart for people who may need various degrees of
assisted living.
Thus, both our literature study and our empirical study showed
that eco- is not just an add-on to the smart home concept,
indicating the importance of ecologically sustainable solutions
as an integrated part of the smart home concept. The concept of
eco-smart homes for elderly independent living needs to be
understood in the context of a growing elderly population that
needs supportive care in their homes. Finding ways to deliver
supportive care in a home environment is part of the
ecologically smart solution we are looking for. It can be labeled
eco-smart because it contributes to a sustainable society that
takes care of its elderly people in a caring and sustainable way.
Part of the problem we are addressing is how to formulate this
shift from a smart gadget-focusing or at best systemic approach
to the design of smart homes to a focus on technology-supported service levels for elderly people in their homes.
C. Aim and Objectives
The aim of the study is to explore technologies which are
currently applied for assisted living and how they can be
integrated with technologies for eco-smart homes. Based on a
literature review for mapping research on current technologies
in these contexts, we have designed an exemplar of an
integrated and personalized service system for an eco-smart
home for the elderly. In this study, we try to address the above
listed challenges in the following way:




AO1: To identify the challenges, requirements and
preferences of elderly independent living.
AO2: To analyze technologies which can currently be
used for assisted living in smart homes?
AO3: To build a meta-level conceptual model of an
integrated and personalized eco-smart home which takes
the varying requirements of elderly independent living
into consideration.

><


15

AO4: To use this model and a corresponding check list to
get feedback from future users (evaluate the conceptual
model of the system as a simple meta-level tool for
communication and discussion with multiple stakeholders
about potentials and problems of eco-smart homes for
elderly independent living )

D. Research Questions
To achieve our research purpose, the following questions have
been raised:


Q1: What are the main challenges, requirements and
preferences concerning elderly independent living?



Q2: Which intelligent technologies can be used to provide
support for elderly independent living?



Q3: How can an eco-smart home, despite its technical
complexity, including a multitude of different subsystems
with different sub goals, be modelled on a meta-level
which can support comprehensive and constructive
communication among involved stakeholders about how
to support elderly independent living?
V. RESEARCH METHODOLOGY

In past decades, smart homes were often proposed as an
innovative creation for future communities [31] [32]. We have
adopted various methods to gain a comprehensive overview of
research in the area of smart homes and combine this with a
better understanding of the needs of elderly people who want to
live independently in their own homes. A literature review has
been carried out, in which we have mainly focused on articles
about technologies for smart homes. We have also interviewed
three experienced employees in the welfare sector who work
with the implementation of ICT solutions in healthcare and
homecare. (The entire information about the experts’ expertise
and background is available in appendix F of this thesis.)
Besides this, we have interviewed a number of retired Swedish
people who were attending the Swedish National Pensioners’
Organization’s (PRO) annual conference. With their help and
guidance, we gained a better understanding about the practical
needs of the elderly, and the present situation in Swedish
healthcare and homecare. The first prototype for the structure
of the conceptual model was developed through these two steps.
Moreover, in order to gain a better understanding of elderly
people concerning their opinions and requirements, we have
relied on a convenience sampling study with elderly people in
Sweden, as well as a web survey targeting elderly people in
China, using the questionnaires we had developed as a base.
Based on what we had learned through these research methods,
we combined the smart home and ecology friendly building
aspects with the perceived service needs of elderly people
striving for independent living, to design the second prototype
of a meta-level conceptual model. In order to test our ideas
against reality, we interviewed and discussed our conceptual
model with a project leader in the area of innovations in applied
health technology and one expert who has a number of years of
experience of use-centered design of health technology for
home care and who gave us valuable feedback on our
meta-level conceptual model. We also carried out an evaluation

workshop study with questionnaires in two towns in the
Blekinge region (Karlshamn and Ronneby). (The entire
information about the evaluation workshop with questionnaire
is available in the appendix E of this thesis.)
A. Limitation of each step
In step 1, during the literature review study, we selected
published work within the area of Computer Science. We did
not extend our search to include literature published in the area
of Healthcare and Applied Health Technology. In hindsight, we
can see that a broader search could have added relevant
literature for our thesis and provided a more comprehensive
understanding of the problem area.
Moreover, during the expert interview study, we relied on
convenience sampling to choose experts who have a number of
years of experience with applying innovative health technologies in the homecare and healthcare service areas. Therefore,
in step 2, we decided not to use technical details to design the
meta-level model of the structure of the system, but rather to
focus on the service perspective which is common within
elderly care in municipalities. Our interviews with experts in
healthcare and homecare thus caused what might be called a
“service turn” to our research approach. This resulted in a
primary focus on research questions 1 and 3 in our continued
research work, with less attention being paid to answering
research question 2.
In step 3, for the questionnaires study, we relied on the
sampling technique convenience sampling in choosing the
elderly to interview. However, the limitation of this sampling
technique is that the sampling frame is not known, and the
sample is not chosen at random. The inherent bias in
convenience sampling means that the sample is unlikely to be
representative of the population being studied. [51] This
limitation could lead to the result having some type of bias. In
order to reduce the effects of bias on the results, we chose the
research method web surveys in the next step of our study.
Because most Chinese elderly and a part of Swedish elderly
were living without Internet, it is difficult to get their feedback
via a web survey. Therefore, the result of the web survey is only
a snapshot of a very small, not statistically significant selection
of the population at a given moment and does not reflect the
actual dynamic development over time for participating
individuals in the interviews. The impact of these choices is that
an elderly’s feedback from the survey cannot aim to reflect the
entire elderly population, nor to illustrate a dynamic
development over time concerning Internet usage among
elderly. The same problem also impacts step 5. For the
evaluation workshops with questionnaire in Karlshamn and
Ronneby, we only focused on interviews with the elderly who
attended the workshops, and thus who were active, informed
and have an interest in our topic. However, the aim of our
sampling was not to achieve generalizability of our results. We
used purposive sampling, aiming to explore concepts in use in
the area of interest. The research method steps are shown below.
(Diagram1)
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technologies with a focus on situated awareness in smart homes,
where the aim is to develop a service system to detect
potentially dangerous situations by sensing, learning and
categorizing behavior patterns of elderly people living in their
own homes. [49]
During the literature study, we gained a better understanding
about the practical needs of the elderly and current situation of
the eco-smart home, in order to achieve the objectives of our
study: to design a meta-level conceptual model of an integrated
and personalized system in an eco-smart home to provide
services supporting elderly independent living. This conceptual
model is intended to serve as a simple tool for multistakeholder
communication about eco-smart homes for elderly independent
living. As an engineering tool for future systems design and
development, it could be classified as a tool for user-centered
requirements engineering, with a focus on usability issues and
personalized service design.
Diagram 1 Research method steps
B. Literature Review
In order to understand the challenges being faced concerning
elderly independent living and to gain insight into assistive
technology which has been applied in eco-smart homes that
have been developed, the literature review was carried out.
In the literature review, we selected published work that has
undergone peer reviewing. The search was restricted to articles
in journals, chapters of periodicals and proceedings of
conferences written in English and published between 2002 and
2012, in the area of Computer Science. We used the following
keywords, combined or alone, to search for relevant articles:
‘eco-smart Home’, ’Elderly people’, ‘Assistive technology’,
‘e-health’, ‘independent living’. The keywords were intended
to help us us to collect related and relevant work for our chosen
topic. The first screening eliminated what we perceived as
irrelevant articles for our topic. We then made a classification
of the remaining articles, which contained presentations of and
research on various technological applications in the specified
areas. During the second screening, depending on the
classification scheme we had applied, we selected those articles
which specifically focused on technologies for supporting
homecare and healthcare services for elderly in their homes.
Finally, we deleted repetitive or not entirely relevant articles in
the last screening.
Through this investigation of literature we gained a preliminary
understanding of current research and of the technology which
has so far been applied in smart homes, either experimentally or
in actual building practice. An example of an experimental
environment used for research purposes is the Duke University
Smart Home, which integrates the smart home concept with
smart devices and appliances. There have also been some
interesting recent developments concerning energy efficiency
in daily lifestyle [33]. To cite another research case, the Gator
Tech Smart Home was designed and developed at the
University of Florida to provide a platform for experimenting
with and analyzing the application of intelligent technologies
into a responsive house, besides studying the responses of its
users [39]. In Sweden, there is interesting on-going research
which combines ubiquitous computing and smart home

For the technical support of eco-smart living, we decided to
focus on some of the main technologies such as renewable solar
energy, lighting, heat, fuel cells, remote monitoring, network
transmission, underfloor heating, water cooling systems,
energy systems and emergency alarms for our conceptual
model. These were chosen to exemplify eco-smart home
solutions, as a background and context for homecare and
healthcare service design for sustainable elderly independent
living.
For gaining a better understanding of the multiple aspects of the
technical support involved, we have chosen to look into and
take some central points from several major areas, even if we
do not go in-depth into these areas, these include: a multi-agent
approach to controlling a smart home and renewable solar
energy. We have also had a look at lighting, heat, fuel cell,
remote monitoring, network transmissions, underfloor heating
and water cooling systems, energy systems, emergency alarms
etc. However, in communicating with our target group of future
users, we decided that we would not be able to explain these
technical issues one by one to the elderly. Thus, we decided that
meta-level conceptual modeling is the best way to give a
comprehensive overview of the multitude of systems and
technologies involved in eco-smart homes and how they can be
applied, integrated, personalized and managed in a healthcare
and homecare service provision context. This is why we
decided to design a meta-level conceptual model – an exemplar
– before we continued our research through conducting
interviews with and distributing questionnaires to some of the
central stakeholder groups involved. This way we could use the
model to communicate and discuss our ideas with experts and
with elderly people without getting in to too much detail about
the technologies involved. In the conceptual model, we
attempted to integrate the system architecture modeling with
the modeling of service provision on three different levels
based on varying user needs. We describe the details of the
conceptual modeling in Section VI, Modeling and analysis.
The literature review and our inquiries into this area in a
Swedish context indicated that combining eco-smart housing
with independent living solutions for the elderly would require
both anchoring in and gaining support from the public sector.
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The solution requires that building developers and technology
providers should work with the government to establish
eco-smart homes for the elderly people, so elderly people can
enjoy their old age. Comparing this with the situation in China,
it is obvious that the elderly there also need the financial
support from the government and that formulating a public
policy in this area is important for the future development of
eco-smart homes for elderly independent living. When dealing
with an ageing population, it is crucial to pay attention to family
and community functions, and give priority to the development
of social endowment services, in order to provide a generation
of elderly with a supportive living environment for a healthy,
comfortable and happy old age.
C. Interviews
Interviews were carried out in order to gain a better
understanding of the practical needs of the elderly, and the
present situation in Swedish healthcare and homecare. The
interview study we performed in Sweden between May 2013
and October 2013 included 17 respondents. The respondents
were divided into elderly interviewees and expert interviewees.
The interviews were carried out individually with each person.
For the interview study, we relied on convenience sampling.
We preferred this sampling technique because it is fast,
inexpensive, easy and the subjects are readily available. [52]
Moreover, this sampling technique is a form of purposive
sampling, in that it serves the purpose of our study. The aim of
our study is not to achieve results that speak for the whole
elderly population of, for example Sweden or China. It aims to
allow us access to the field of elderly people and experts who
have experience and ideas concerning healthcare and homecare
services for elderly in the context of eco-smart homes for
independent living, in order to conduct a pilot study, but where
there is no ambition at this stage to select subjects that are
representative of the entire population. Whilst convenience
sampling should be treated with caution, its low cost and ease
of use makes it the preferred choice for a significant proportion
of undergraduate and master’s level dissertations. [51] The
limitation of this sampling technique is that the sampling frame
is not known, and the sample is not chosen at random. The
inherent bias in convenience sampling means that the sample is
unlikely to be representative of the population being studied.
[51] These limitations will lead to that the results have some
types of bias. In order to reduce the effects of bias on the results,
we chose the research method web surveys in the next step of
the study.

Table-1 the roles of the people interviewed in the study

C.1.Elderly interview in Sweden and China
The first group consisted of a purposive convenience sampling
of 14 elderly people who were attending the annual conference
offered by the Swedish National Pensioners’ Organization
(PRO) at Blekinge Institute of Technology on the topic of
future eco-smart living environments for elderly people. For the
interviews with the 14 elderly people, we used a questionnaire
as a base. See Table 2. (A nearly identical, Chinese version of
this questionnaire was used in a web survey targeting Chinese
elderly people, about which you will find more information in
the following, under C. Questionnaires.)

Table-2 List of interview data from the interview of elderly in Sweden

The selection of participants for our interviews among elderly
people was not unbiased, although the form of bias was
different in Sweden and in China respectively. Within the
limited time frame of our master thesis project (equivalent to 10
weeks of full time studies), and given that neither of us speak
Swedish or have any established contacts with elderly people in
Sweden, we decided to interview a number of retired Swedish
people who were attending the Swedish National Pensioners’
Organization’s (PRO) annual conference, which in 2013 was
held at Blekinge Institute of Technology, with the main topic
that year being specifically about housing solutions for senior
citizens and elderly independent living. The people attending
this conference were probably in general well-educated. They
were probably also more active and more knowledgeable about
housing issues concerning elderly people than the average
elderly person in Sweden. There were about 90 participants at
the PRO meeting. The 14 elderly people who agreed to be
interviewed were generally people who could speak English,
even if we did have our printed interview questions available in
both English and Swedish. Thus, the selection of interviewees
in the Swedish interview study was not statistically
representative of the average elderly person in Sweden, and the
results of the Swedish interview should only be seen as
indicative of opinions voiced among a small number of
volunteer interviewees who were attending the PRO annual
conference in 2013 and who probably had a special interest in
housing for elderly issues.
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These interviews did, however, help us to understand a bit more
about the variety of needs among elderly due to varying health
issues and thus the need for adaptability and personalization of
services in relation to eco-smart housing solutions for elderly
independent living.
While the Swedish interviewees among the elderly population
were selected within a group of retired people who were active
in PRO and who were attending a national PRO conference
held in the county of Blekinge, a conference which focused on
the specific topic of housing solutions for seniors and for
elderly independent living, the survey we carried out in China
was carried out among elderly people in a very large city in
southern China (Shanghai). Here we used purposive
convenience sampling, which involve both live interviewing of
elderly people we encountered in the market and who agreed to
be interviewed, and a web survey. The aim of the interviews
and survey in China was to get some form of comparative
information about how elderly Chinese people in China view
these issues in relation to how elderly Swedish people view the
same issues in Sweden. We also hoped to get feedback on the
formulation of the questions in order to possibly refine the
questions for a second round of interviews and survey. (This,
however, was in the end not possible to carry out within the
time frame and scope of our master thesis project.)
Although the number of interviewees in both Sweden and
China was limited, and the selection was not representative of
elderly people as a national group in either Sweden or China,
we did learn more about how elderly people view issues
concerning eco-smart homes for elderly independent living
through these interviews and surveys. What we learned helped
us to understand more about some of the issues at stake and to
continue working with the articulation of a meta-level model
for multi-stakeholder communication around design issues in
this context. One of the most important things we learned
through working with the interviewees and through the surveys
was that there seems to be a lack of use- and user-centered,
easy-to-grasp concepts and tools for discussing smart housing
solutions for elderly from an integrated service perspective
with involved stakeholders such as elderly people themselves,
professionals working in healthcare and homecare delivery for
elderly people, and even experts working with design and
development of specific technical solutions for eco-smart
homes. Although we did not interview representatives from the
building industry or people involved in ownership and
management of housing for elderly people, the lack of
easy-to-grasp concepts concerning design, development and
management of eco-smart housing for elderly independent
living may conceivably exist among these important
stakeholder groups as well. This could indeed be an interesting
area for further research.
C.2. Interview with expert who working with healthcare and
homecare
The second group we interviewed consisted of 3 experts on
technology for healthcare, homecare and independent living.
The list of experts interviewed about their experiences and
ideas about user needs and how these can be conveyed and
discussed in the context of services and technologies to support
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ecologically sustainable elderly independent living is available
in the appendix F of this thesis. During the individually
conducted interviews with the 3 experts on technology in
healthcare and homecare, we gained a better understanding of
the current situation for elderly people in Sweden, of healthcare
policies and strategies for caring for the elderly, and of
healthcare processes in the home and in the hospital as well as
the management of transitions between hospital and homecare
provision, which are important issues for elderly independent
living. These insights were valuable for our continued work
with designing a conceptual model for an eco-smart home for
elderly independent living in which healthcare and homecare
services could be included.
One of the experts interviewed was Maria Cucek 1 , who is
employed in Karlskrona municipality and at the Competence
center at the Blekinge County Council. (Information about the
experts’ expertise and background is available in the appendix
F of this thesis.) She said: "There are a lot of elderly people
living alone in Karlskrona. Every day we need to take care of
many elderly people, but we can only stay with each elderly
person for a few minutes. That means we cannot be sure that we
can arrive in time if there is an emergency situation. This is
because of the limitations concerning the human resources and
devices available.” This interview made it clear to us that, due
to limited resources, elderly people cannot get healthcare and
homecare services all the time or to the extent that they might
actually need or want such services. Sometimes this can cause
dangerous situations, if the elderly person experiences an
emergency situation which triggers an alarm but the response is
delayed due to a limited availability of resources. In order to
minimize this problem, it is necessary to distribute different
levels of service concerning homecare and healthcare,
depending on the individual needs of the elderly person. This
insight led us to propose three levels of service for the elderly in
the first version of the prototype for the structure of the
conceptual model, where the most extensive service level,
which we named “Ubiquitous Chamberlain”, could include a
care level to provide safe and secure living for the most frail
and care-needing elderly people.
C.3. Interview with eco-smart expert
Additionally, in February 2014, we interviewed Professor Ju
Zhenhe, who is an expert on Chinese Urban Studies and Solar
Energy, in order to understand more about how ecologically
smart solutions for smart homes might affect the complexity of
technology design for these contexts. Professor Ju focuses on
the development and utilization of solar energy. (Information
about the experts’ expertise and background is available in the
appendix F of this thesis.) He has specialized in solar
photovoltaic applications for about 14 years. We had the
pleasure to interview him through a network video. During the
study we had gained considerable insights into his professional
knowledge about the challenges and opportunities of eco-smart
homes. We gained further understanding of the importance and
feasibility of solar energy applications in the smart home
through the interview. Professor Ju pointed out: “Solar energy
1
The interviewed experts have agreed to letting us use their real names in
our thesis, and have provided us with information about their expertise.
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is the most valuable energy, yet it is the energy that is most
easily overlooked. It can provide energy without pollution. The
potential for utilization of solar energy in the smart home is
huge.” After the interview, he gave us several concrete
examples of solar energy applications. We introduce and
discuss these cases in the section about our technology review.
The expert respondents in our interviews are working with
technology implementation in healthcare and homecare
services, and with sustainable development research centers.
Several of the expert interview respondents are registered
nurses and have considerable medical nursing experience. They
have provided many valuable comments and a great deal of
insight into the problem area during our work with our thesis
project. Their information has been very timely and
comprehensive and helped us to design the first version of the
prototype for the structure of the conceptual model.
(For construct validity we had an interview with the healthcare
innovation expert, about which you will find more information
in the following, under D. Evaluation.)
D. Questionnaires /Web survey
The questionnaires and web survey have helped us understand
more about the demands and habits of the elderly, and gain
knowledge and insights that could benefit the continued design
and refinement of our conceptual model. We carried out a
questionnaire including questions referring to daily activities at
home and which level of help is considered necessary,
depending on how much the elderly person cannot perform
independently on their own [8]. (The entire questionnaire is
available in the appendices of this thesis.) In order to reduce the
effects of our convenience sampling’s bias on the results, a
number of web surveys were carried out via the questionnaire
we used in our interviews with 14 Swedish elderly people (see
details about the Swedish interviews above, under the heading
B. Interviews). A limitation during the process was the fact that
most Swedish elderly would like to speak Swedish. So it is
difficult to find a common language between both the
interviewer and the interviewee. Also, most Chinese elderly
and a part of Swedish elderly were living without Internet. So it
is difficult to get their feedback via a web survey. In fact, in this
questionnaires study, we were also relying on convenience
sampling. These factors mean that the elderly’s feedback will
not reflect the opinions of the elderly population at large.
The data obtained was analyzed and fed into a reworked design
of the meta-level conceptual model of an eco-smart home for
elderly independent living. Our ambition has been to design our
continued research based on the information about elderly
living, habits and demands which we could extract from the
questionnaires and web survey, at the same time as the
questionnaires and web survey were based on the first version
of prototype for conceptual model. From this we were able to
get valuable feedback on our meta-model from potential future
users. This was intended as a reality check of our modelling
ideas.
The survey based on the questionnaire was conducted between
March 2014 and May 2014 and included 54 respondents. The
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purpose of the questionnaire was to gather relevant data about
future users and get feedback concerning the feasibility of our
idea of multiple levels of service. The questionnaire was
divided into two parts. The first part was carried out in the form
of web surveys which were distributed via the Internet. The
second part was carried out as an informal conversation/
interview between the author and the elderly who was
interested in this topic.
The results of the interviews and web surveys based on the
questionnaire give an indication of relationships between the
respondents’ age-group, health condition, level of interest in
installed new technology at home, choice of living place and
self-care ability. Because most Chinese elderly and a part of
Swedish elderly were living without Internet, it is difficult to
get their feedback via a web survey. Therefore, the result of the
web survey is a snapshot of a very small, not statistically
significant selection of the population at a given moment and
does not reflect actual dynamic development over time for
participating individuals in the interviews. The impact of these
choices means that the elderly’s feedback cannot aim to reflect
the opinions of the elderly population at large. The results were
analyzed and are presented in the following graphs with
accompanying explanations:

Graph 1- Age and Health condition

In Graph-1, age-group is presented as the independent variable
and the health conditions as the dependent variable. In this
graph, age-group was divided into 4 subgroups; the different
colored columns indicate differences in health condition. Blue
indicates the health conditions are perfect/very good, yellow
indicates decent, green indicates so-so, while red indicates very
poor health. The graph implies that health issues increase in the
older age groups of the population.

Graph-2 Age and self-care ability
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In Graph-2, age-group is presented as the independent variable
and self-care capability as the dependent variable. In this graph,
age-group was divided into 4 subgroups. The different colored
columns indicate different levels of self-ability to take care of
one’s daily life. Blue indicates self-care ability, yellow
indicates the elderly need a little help; green indicates the
elderly are not able to take care of themselves.
These two graphs indicate that, with increasing age, the health
status of the elderly becomes increasingly worse, while at the
same time, the self-care ability gradually decreases.

among the respondents who did not have any interest in trying
new technology. Although this is not a statistically significant
study, it seems to indicate a surprisingly high degree of interest
among the elderly to try new technology in their homes. Note
that the respondents were selected among elderly who were
attending a conference about housing solutions for elderly, thus
they were active and interested in the topic. Still, it would seem
there is a market for eco-smart elderly independent living.
WHY ARE YOU ON THE INTERNET?
Surfing around the internet
Search news
Finding information on timetable
Sign into your online banking
Attaching files in emails

PERCENTAGE
99%
78%
76%
76%
75%

Table-3 Why are the elderly on the internet?

Graph-3Health conditions and choice of living place in future

In Graph-3, health conditions are presented as the independent
variable and the living place choice as the dependent variable.
In Graph-3, health conditions are divided into four parts.
Different colors of lines indicate different choices place to live
in future. Blue indicates desire to live in own home in the future,
yellow indicates service home, green indicates nursing home,
red indicates smart home. In Graph-3, the blue line is more
stable than the others, which indicates that, even when health
conditions change, the elderly still want to stay in their current
home. Previous research indicates this may be because of the
attachment to their own home, memories of the past, and
possessions in the home, as well as the quality of the
neighborhood [41]. The demand for smart home solutions is
also higher among people with poor health.

Graph-4 Health condition and interest in new technology in home

In Graph-4, Health condition is presented as the independent
variable and interest in installing new technology in home as
the dependent variable. In Graph-4, Health condition is divided
into four subgroups and the different colors indicate the
different levels of interest in using new technology in the home.
Graph-4 indicates that poor health conditions play a role in
whether elderly are interested in using more new technology at
home to help their everyday life. There were only three elderly

WHICH TECHNOLOGIES…?
Security Alarms
Alarms
Turn off the stove
Reminders about drinking
Measuring
health,
blood
temperature

sugar,

PERCENTAGE
99%
78%
76%
76%
75%

Table-4which technology would you like to have at home?

From the survey questionnaire, we summarize the results into
table 3 and table 4. There is a simple understanding of the
elderly requirements of the network applications and the
technologies available in smart homes. In conclusion, based on
different levels of experienced health conditions, elderly people
perceive that they need personalized design of services and
technology support for managing their daily life. The
personalized design should thus be able to satisfy the needs of
different users. That is the main reason for the establishment of
an integrated system with different levels of healthcare and
homecare services. The service hierarchy of an integrated
system is intended to support comprehensive services to meet
the various and shifting needs of elderly. Based on what we
have learned through all of the applied research methods, we
combined the smart home and ecology friendly building
aspects with the perceived service needs of elderly people
striving for independent living, to design the second prototype
of a meta-level conceptual model.
Our questionnaires and web survey among elderly, though
limited in scope, seem to indicate that elderly people living in
Sweden are inclined to be interested in eco-smart home
solutions and integrated design of technologies that can satisfy
the primary needs of the elderly. Elderly people in China seem
to be less concerned with these issues, as most of the elderly
people there live with their children. However, this is gradually
changing and thus eco-smart elderly independent living may
become a serious concern in the future also in China. Note that,
due to our choice of making an explorative study, using
purposive convenience sampling, it is not possible to generalize
the results of our study to entire elderly populations either in
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Sweden or in China – for this, a different type of study, a
different choice of sampling, and a much larger survey would
be necessary.
E. The Results Evaluation
Customer surveys allow you to get to know your customer
better. These allow you to assess strengths, weaknesses and
evaluate what products should be improved upon [45].
Therefore, the best way to evaluate the conceptual model is to
analyze the feedback from the experts and elderly users, who
could be viewed as prospective future “customers”.
E.1. Evaluation Workshop with questionnaire
In order to evaluate whether the meta-level conceptual model
we developed during our thesis project was able to inspire and
support fruitful discussions and communication about
eco-smart homes for elderly independent living, we carried out
two evaluation workshops with the questionnaire on
2014-11-04 in two towns in the Blekinge region (Karlshamn
and Ronneby), including a total of 41 participants. (All the
information about the evaluation workshop with questionnaire
is available in the appendix E and appendix D of this thesis.) In
this study, we only focused on interviewing the elderly who are
active and have an interested in our topic. This is, as we have
discussed earlier, a limiting aspect of our choice of methods.
But as the meta-level conceptual model was developed with the
aim to support multi-stakeholder participatory design of
eco-smart home solutions for elderly independent living, it
seemed like a viable way to evaluate test the model in relation
to its intended purpose. The purpose of the study was to gather
relevant data about elderly users and get feedback concerning
the feasibility of our idea of a meta-level conceptual model.
Most of the elderly said they agreed with the general idea of the
conceptual model, especially putting the service perspective
foremost. But one woman who had worked for 27 years in the
municipality elderly care pointed out that the service levels
could be further developed based on the service provision
guidelines for municipal healthcare provision that are currently
in use. And other two elderly thought we should be clearer in
describing the relationship between each service level as well
as detailing the elderly needs which were being catered to
within each level. There was quite a lively discussion during
both workshops, which would seem to indicate that the
meta-level model served its purpose of supporting
communication and discussion with stakeholders. From the
previous study, we had divided the service levels based on the
current healthcare service system which already has support in
the current homecare and hospital care. Because the previous
study relied on convenience sampling, the impact of these
choices is that our findings cannot aim to reflect the entire
elderly population. In the future, we would like to have more
time to do an in-depth study to clearly describe the detail of the
elderly’s needs. Their comments give a guide for our future
work.
E.2. Construct validity
Eventually, in order to further evaluate whether the meta-level
conceptual model we developed during our thesis project was
able to inspire and support fruitful discussions and
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communication about eco-smart homes for elderly independent
living, we presented the model to external expert, Mats Löfdahl,
who is a project manager at SICAHT, the Swedish Innovation
Center for Applied Health Technology, [51] and expert Maria
Cucek, who is employed in Karlskrona municipality and at the
Competence center at the Blekinge County Council.
(Information about the experts’ expertise and background is
available in the appendix F of this thesis.) These interviews
might not be what is scientifically defined as evaluating validity,
but as one of the central reasons for developing the meta-level
conceptual model was to support multi-stakeholder
participatory design of eco-smart home solutions for elderly
independent living, it seemed like a viable way to test the model
in relation to its intended purpose. The presentation of the
model was combined with an interview. Mats Löfdahl said he
agreed with the general idea of the conceptual model,
especially putting the service perspective foremost, and
reducing the complexity of the eco-smart system towards the
elderly user. But he also suggested differentiating among the
elderly, not only in relation to health issues and levels of need
for care, but also because some of them will be technically
"savvy", while some of them are not. He pointed out: “If you
understand the elderly as drivers, some more technically
"savvy", then maybe a healthy, technically savvy person would
actually use and want more technology, not less--so it is not
always the case that the weakest groups want the most
services.”
During the individually conducted interview with the external
expert from SICAHT, we gained an additional evaluation of the
conceptual model as a tool for communication around smart
technologies for elderly independent living, and a number of
good suggestions for future work. Also, Mats pointed out many
good ideas about how the conceptual model could be put to use.
His comments and suggestions helped us to rethink how smart
homes and healthcare services can be integrated in
user-centered ways that focus on usability and user experience
for elderly and healthcare professionals rather than (only and
primarily) on how computer systems communicate with each
other.
Additionally, on 18th of November 2014, we interviewed expert
Maria Cucek, who is employed in Karlskrona municipality and
at the Competence Center at the Blekinge County Council.
(Information about the experts’ expertise and background is
available in the appendix F of this thesis.) She said the three
service levels suggested are very much in line with how they
classify service needs among elderly today. They also have a
fourth level which is however considered separately, when a
person needs a lot of sick care in their home (nursing rather than
just caring). Basically, she felt it would be wonderful if the
smart technologies supported the home- and healthcare, for
instance indoor lighting automatically turning on based on
movement sensors (lighting the way to the bathroom). This
would save a lot of unnecessary incidents with falls and broken
hips etc.. Elderly people often do not have good lighting, and do
not turn the lights on when they get up in the night, so they trip
and fall. Thus, smarter lighting solutions geared to the needs
level of the elderly users would potentially reduce the need for
nursing of elderly in the home due to fewer debilitating
accidents.
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She also added that she felt that they could save a lot of
administration by letting elderly decide for themselves what
level of help they wanted to have, as they usually do not ask for
more than they really need.
Her evaluation of our model was that it could work well to
initiate a dialogue around service perspectives on eco-smart
solutions, and that it also may help in the dialogue between the
municipal experts and the elderly in discussing what service
level they feel they need and what this actually means in
practice. Her comments and suggestions provide a base for
improving the meta-level conceptual model in the future.
VI. ARCHITECTURE OF THE SYSTEM
In this part, we discuss the design of a comprehensive system of
systems for the eco-smart home for elderly independent living,
based on the literature review. We explore the technologies first
and distribute them into the meta-level conceptual model of the
smart home. We give some idealized outputs that depend on the
research questions. We have designed the meta-level
architecture of the system, structured the service levels, and
built the conceptual models and the exemplar in order to show
the project clearly and concisely. The intended outcome of the
research is as follows:
RO2: Which intelligent technologies can be used to provide
support for elderly independent living?
There is a critical need for eco-smart home research and
development to combine the implemented technologies to
support an integrated system. During the literature review, we
came across many models of the smart home that applied the
various systems, such as: Vision-based system [34],
Robot-home appliances [35], Multi-camera system [36],
Sensors [37], Home automation [38] and so on. There is also an
awareness among researchers in this area of the need for
multi-disciplinary collaboration and testing together with users:
as the research leader of the Halmstad University research
group working on algorithms for situation awareness in smart
homes writes: “The step from the proposed approach to a
product is not only a technical step, it is a multidisciplinary task
which involves: simulations and real-world tests for measuring
modelling accuracy and robustness, solving ethical concerns
and issues regarding privacy, and identifying and preventing
risks caused by the algorithms." [49]
In the following, we explore some of the technologies which
have already been implemented in the eco-smart home,
describe how they work and how convenient they are in the life
of the elderly person. Areas of Computer Science and
Engineering Sciences which are of particular relevance in
design and development of eco-smart homes for elderly
independent living include Human-Computer Interaction
Design, User-Centered Requirements Engineering, Usability
and User Experience, Artificial Intelligence, Signal Processing
and Control, Pattern Recognition, Speech Recognition, Data
Mining, Heuristics Problem Solving and so on. Artificial
Intelligence contains computer models and techniques designed
to solve problems using algorithms modelled upon natural
phenomena [11].Ubiquitous computing for supporting and

enhancing situational awareness, as a way to detect potentially
dangerous situations by sensing, learning and categorizing
behavior patterns of elderly people living in their own homes, is
being researched by Computer Scientists at Halmstad
University.[49] We have also come across technologies,
research areas and models in this context that we have no idea
about, such as business models, facility management, medicine,
speech production, solar energy, wing energy, blood pressure
monitoring and spirometer, video consultation and so on. Due
to the complexity and diversity of the multiple technology
applications involved, here we mainly discuss one of them in
detail, as an example of an area that is important for eco-smart
homes: Solar Energy. During the study we learned more about
what solar energy is, how it works and how it can be applied in
the context of eco-smart homes.
A. Technology Review
The main aim of our thesis is focused on the design of the
meta-level conceptual model as a way to try to understand and
address the complexity of designing an eco-smart home for
independent living for the elderly, and how to make the model
also provide support for communication with elderly people
about their care needs, requirements and expectations about
technology-enhanced supportive living environments. Our aim
was not to focus on specific technical solutions for eco-smart
living, but only to exemplify technologies which could be
relevant for eco-smart homes as a background for the focus on
design of service levels in such a context. Therefore, we were
not aiming to describe a large number of available eco-smart
solutions in our thesis, or to make comparisons between such
technologies, or to develop an integrated user interface for
everyday use of technical solutions in an eco-smart home. The
examples of intelligent technologies for eco-smart living which
we briefly present in the thesis are only included as examples
for the reader. Therefore we did not describing them in depth.
Our main aim has been to high-light the design of different
levels of technology-supported homecare and healthcare
services as central to eco-smart elderly independent living, thus
putting eco-smart home technologies into a different
perspective than they are usually presented in, a perspective
where comprehensive service design and provision becomes
central and driving for technology development. The examples
given in the following are thus intended to give an overview of
a few technologies that are relevant for the design of eco-smart
homes, as a background context for the discussion of the
service design perspective, with multiple service levels
allowing personalization according to individual needs, which
we have proposed in our conceptual meta-model for the design
of eco-smart homes for elderly independent living.
A.1. Solar Energy
In this study, we discussed the application of solar energy in
eco-smart homes. We explored solar energy for smart homes
which we also mentioned in our interviews. The cases from the
literature review and the interview with Professor Ju support
each other in promoting solar energy as a cheap, renewable
source of energy for eco-smart housing.
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A.2.1 Solar Electricity-PV
Installing Solar Photovoltaic (PV) panels in your home will
allow you to generate your own ‘green’ electricity to power
your household appliances and make money in the process. The
solar electricity is mainly used for power storage.
A.2.2 Solar Thermal
Solar thermal can be used as a complementing energy source in
district heating. It is possible to reduce energy loss by installing
home insulation and thus preventing heat from escaping
through walls and roof to save money, save energy and be more
comfortable in one’s home. The concept of Solar Hot Water
Systems has been around since the 1970’s. But recent
technological advances have led to a far greater selection of
equipment which can be tailored to suit the needs of each
application. Solar hot water based on Solar Thermal is a
cost-effective way of generating hot water through solar panels,
working in conjunction with existing heating systems. Besides
reduction of electricity costs, a large amount of a home’s annual
hot water needs can be covered by using a Solar Hot Water
system [18].
There are simple, comprehensive models for illustrating how
solar energy can be used to make a home eco-smart. But how
can a multiplicity of different models of different eco-smart
systems be represented in one comprehensive meta-model
without becoming overwhelming?
B. Designing a meta-model of the structure of the system
We found that we had to reduce the complexity of the model by
“black-boxing” the involved technologies. Here we have added
five central control applications into the integrated system of
the elderly eco-smart home, as shown in Diagram 2. There are
several technologies in the different applications. In order to
find the technologies that especially suit the elderly person, we
need to understand the needs of the elderly person.
In this part, we give an example for each system:

In order to provide a convenient and comfortable living for the
elderly, power control can be simplified. The system of power
centralized control management can be a reasonable and
orderly control of all kinds of household electrical appliances,
to realize efficient management of energy, [7:P342-348] as well
as to enhance usability in an assisted living context. One of the
most simple and currently most common smart home functions
is the lighting induction control function, providing control
function of dimming according to the need to adjust the lamp
brightness, realizing illumination energy conservation.
Nowadays it is common in office buildings and also becoming
more common in homes, to have built-in temperature and
humidity control functions: according to the indoor temperature
and humidity, the smart home automatically adjusts the system
in order to achieve energy saving.


Judging from the results of our interviews with elderly, there is
still some resistance or reluctance among elderly to using
computers and the internet in everyday life. However, the
internet is becoming more and more of a daily necessity in
society. More and more elderly people have come to reply on
services which are provided via the internet.




Security system

The security system is necessary for the eco-smart home. In
order to ensure the security of the elderly people, not only the
security of the house but the health conditions of the elderly
people need to be taken in to consideration. The purpose of the
outdoor security system is mainly to monitor or protect against
forced entry. The indoor system needs to ensure the security of
the user and of the house. Special care needs to be taken for
emergency situations and special healthcare and homecare
provision.


Power control system

Solar energy

Our topic is about the eco-smart home for elderly independent
living. Rising awareness about the need for using bioenergy for
sustainable development is causing sun, wind and water power
to become increasingly important. In the future, the sustainable
use of energy is necessary for the eco-smart home. In our study
we chose solar energy to discuss, because the applications of
solar energy have reached a fairly mature state and are today
commonly in use.
It is hard to find integrated eco-smart home systems in
previous literature. Most of the different technology systems
for smart homes are discussed individually. However, the
adoption of renewable energy will greatly reduce unnecessary
expenses and increase the sustainability of society.


Diagram 2- Structure of the integrated system

Network System

Intelligent memory system

In future smart home systems, we foresee that the intelligent
memory system will be able to map and remember the habits of
the elderly. Based on automatic collection, storage and
intelligent analysis of private information about the elderly
inhabitants of the house, the service level and configuration of
services can be personalized to fit needs and preferences, and
situation awareness can be built in to the system (see for
instance interesting on-going research into algorithms for
sensor systems at Halmstad University in Sweden) [49]
This system can set up and remember desired water
temperature for a shower, preferable time for the daily shower
and other habits of the user
For example, such a system could adopt an automatic induction
system to flush the toilet. The flushing water can come from the
"grey water" after washing one’s face or taking a shower or
bath for instance. The "grey water" is then filtered by a special
household water treatment system, becoming "white water" and
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providing the toilet flushing water, whilst at the same time it
could also provide water for the fish tank, flowers and plants,
thus achieving multiple level environmental protection.[12:
P176-179]
Here we have only indicated a number of relevant technological
systems for eco-smart independent living for elderly, and given
some examples of what such systems could contain and provide
for the users. The meta-level conceptual model does not
attempt to provide any information about relationships and
dependencies between different smart technology systems.
However, it does provide space for “plugging in” additional
and/or alternative smart technological sub-systems in the
context of discussing alternative design solutions on a general
level among multiple stakeholders. But how can healthcare and
homecare services which can be personalized to suit individual
needs be included more visibly in the meta-level conceptual
model?
RQ3: How can an eco-smart home, despite its technical
complexity, including a multitude of different subsystems with
different sub goals, be modelled on a meta-level which can
support comprehensive and constructive communication
among involved stakeholders about how to support elderly
independent living?
Our study indicates a need for combining integrated smart
technologies with choices concerning a desired level of service
for elderly people. We need to hire a “Ubiquitous
Chamberlain” in order to meet the different levels of needs of
individual users. We propose three main levels to suit the
different levels of services required of the Chamberlain, shown
in Diagram 3:
•

•

•

Servant: This level provides basic homecare and
healthcare services for the able-bodied elderly who can
live and manage everyday life relatively independently
Messenger: This level provides more extensive homecare
and healthcare services for those with failing health, those
who are growing forgetful, weak and tired, and/or
disabled people
Housekeeper: This level provides homecare and
healthcare services 24 hours a day, every day, for those
who have difficulties managing everyday life and/or are
suffering from severe disability

Diagram 3- Designing for desired level of service

In section VI, we describe the adaptable levels of service. The
structure of the integrated smart systems and personalized
service meta-level conceptual model is the result of the iterative
modeling we have been working with during our thesis project.
We argue that the eco-smart home for independent living for
elderly can provide reliable, convenient, sensible, eco-friendly
conditions through the integrated modelling of smart systems
and adaptable service levels, where the adaptable service levels
are seen as the overlaying interface for personalization between
the elderly users and the eco-smart home solution for
independent living, i.e. eco-smart independent living for
elderly is designed as an integrated service, which in turn
makes use of and relies on eco-smart home technologies.
VII. MODELING AND ANALYSIS
Modeling of an exemplar of an Eco-Smart Home
As a way of understanding more about the challenges and
opportunities of designing eco-smart homes for independent
living, we also developed an exemplar of an eco-smart home
for an elderly person or an elderly couple; see Figure 1 and
Figure 2. Here we assumed this is a two stored house: Figure 1
shows the design of the first floor, and the basic design of the
home.

Figure 1- First floor of exemplar of eco-smart home

Through the auto lift, we can go to the second floor (Figure 2).
We can see some special design solutions for elderly users. The
activity room supports the indoor activities. The study room is
used for reading. The media room includes audio and video
playback, remote camera, video chat and so on.
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Figure 2- Second floor of exemplar of eco-smart home

In this chapter we discuss how the multiple service level
provision perspective concerning the eco-smart home for
elderly independent living can be combined with the multiple
technical systems overview perspective to provide a more useand user-centered focus in future Computer Science research in
this area. In the discussion of research question 3, we
high-lighted the design of a system which is suitable for the
different required service levels of the different users (or the
same user who may have varying needs over a period of time).
In that part we presented three levels of services and
technologies for the support scheme based on the varying needs
of the elderly. We call them “Chamberlain”. Here we analysis
the structure and details of this chamberlain, the “Ubiquitous
Chamberlain”

Diagram 4- Structure of Servant level chamberlain

•

We have shown that the eco-smart home is a complex system
which integrates various intelligent technologies. We know that
in our meta-level conceptual model there are five main systems
and there are many technologies belonging to the main systems.
The “Ubiquitous Chamberlain” is used to help the elderly to
choose and make use of the service that suits their personal
needs and preferences. In order to meet the needs of different
levels of users, we propose three main levels to suit the varying
needs; here we describe the details about each service level and
the modeling the structure:
•

Servant: For the able-bodied who can live and manage
independently in everyday life
This level of services provides support for the elderly
users who have good health and can live by themselves.
The help provided on this level is more like a service
system. The “servant” picks up the techniques which are
useful in everyday life and the cost is not too high. The
purpose of this level is to make the everyday life of the
elderly person more convenient and comfortable. At this
level, the chamberlain chooses some basic techniques
such as shown in Diagram 4:

Messenger: For those with failing health, those who are
growing forgetful, weak and tired and/or are disabled.
Along with increasing age, health conditions of the elderly
user gradually decline. In this situation we need to
consider the auxiliary system. The chamberlain will select
the special techniques that depend on the physical defect
of the elderly user. The “Messenger“ supports the abilities
and aims to compensate for the disabilities of the elderly
user. The service is more extensive and detailed than on
the “Servant” level and also the price is a bit higher. The
purpose of this level is to help the elderly user to
overcome physical and psychological problems in
everyday life. We imagine that this level is like a
messenger which obeys the master's commands. At this
level, the chamberlain will pick up the techniques such as
illustrated in Diagram 5:

Diagram 5- Structure of Messenger level chamberlain

•

Housekeeper: For those who have difficulties managing
everyday life and are suffering from severe disabilities.
Most people will get older and older. Eventually some of
us will reach an age where we cannot stand up by
ourselves, cannot fix food, and cannot hear and see clearly.
If you are still live alone when you reach this stage, there
is nobody taking care of you, you cannot communicate
with other people and the living environment will become
more and more silent. You will probably feel lonely and
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your most common pastime may be to watch TV. You will
live with the fear of falling and not being able to manage
at all, by that time. This is the stage when you need the
housekeeper to stay with you at every moment. The
“Housekeeper” will select the techniques which are most
suitable for you. At this level you can order special
services for your house and there will be some additional
applications of new technologies provided. Compared
with the previous level, the “Housekeeper” is more
specific, supportive and always at hand. At the same time,
the cost at this level is high but the value for the user is
also high. At this level, the purpose is to provide a full
range of nursing services. This level helps with the daily
living, enriches the spiritual life, supports the elderly user
in maintaining a pleasant mood and keeping a positive and
optimistic attitude. The chamberlain will select the
techniques based on the elderly user’s personal needs, as
illustrated in Diagram 6:

Figure 3- Effect diagram of first floor of exemplar (Messenger level)

Figure 4- Effect diagram of second floor (Messenger level)

Evaluation system
Customer surveys allow you to get to know your customer
better. These allow you to assess strengths and weaknesses of
products and evaluate what products should be improved upon
[45]. Therefore, we argue that the best way to evaluate the
conceptual model is to analyze feedback from elderly potential
future users of eco-smart homes for elderly independent living.
We adapted the service system perspective into the model and
propose including support for continual, formative evaluation
of the systems and services to be built in to the system itself.

Diagram 6- Structure of Housekeeper level chamberlain

Here we are only showing the application effect diagram of the
Messenger in our exemplar home in Figure 3 and Figure 4,
because the servant level just includes the basic techniques and
the housekeeper level includes too much to illustrate in this
context, whereof a lot is presumably specially designed to fit
the individual requirements of the disabled elderly user.

An in-situ evaluation system is thus set up by measuring and
reviewing feedback. It provides the elderly user with a tracking
service to solve the defects and problems of the integrated
systems and services. We propose preparing a customer service
system which can get timely feedback, suggestions, individual
requirements and emergency needs from the elderly user, see
Diagram 7. We will update and improve the system based on
the suggestions and feedback from the elderly user. We will try
our best to provide a better service and living environment for
the elderly in the eco-smart home, and to make it adaptable to
the elderly user’s changing needs over time.

Diagram 7- Structure of Customer service
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The eco-smart home also has challenges and disadvantages:
some facilities may need usability tuning and re-design,
multifarious systems operations are very complex, and often
not easy to control for the elderly. Some products have low
quality or shorter service life. There will be a need for
managing continual support of the system. There may be some
error detections during use, which call for readjustments;
sometimes a pet can cause an alarm to be set off. On the other
hand, the equipment maintenance may not be on time.
Therefore, the eco-smart home is not a simple problem of
one-time investment. The follow-up maintenance support is
very important. Use of intelligent equipment and maintenance
is very complex. There is a need to have a professional team in
terms of management, maintenance and a strong technical
support team for rapid, high quality diagnosis and problem
solving. When elderly people experience a problem, they must
be able to call the property management office, who in turn will
send someone to repair the property. This is part of the reason
why we propose that the eco-smart home for elderly
independent living should be understood as an integrated
service rather than as a product [8]. Installations of the
appliances are very important. At the same time, if the
installation does not reach the expected standard, it will
seriously affect the elderly use in the future, the result will not
only affect the elderly life, but the process of service of
after-sales will also increase the cost. Therefore, the installation,
tuning in to user needs and continuing servicing of the smart
home for elderly independent living must be taken very
seriously, by a team of professionals, well-trained to make the
enterprise work for the users [9]. The after-sales service is
significant, due to the eco-smart home being complex and the
user needs varying over time, and thus there will always be
problems to fix as part of the service itself.
VIII. CONCLUSION
Previous research shows that many ecologically viable
technological systems and solutions which could qualify as
important parts of an eco-smart home, such as energy-saving
light-management systems and solar energy systems, are
reaching the general building market as mature products.
However, the eco-smart home as a comprehensive solution
currently lacks personalization options and a clearly defined
target group of customers.
We conclude that the meta-level conceptual model we
developed was supportive in our own work with trying to
understand and address the complexity of designing an
eco-smart home for independent living for the elderly, and that
it also provided support for communication with elderly people
about their care needs, requirements and expectations about
technology-enhanced supportive living environments. Also in
our discussions with healthcare and homecare providers
working with elderly people and technology, the meta-level
conceptual model provided support for communication around
eco-smart technologies in the home as support for healthcare
and homecare staff, for whom the elderly user’s home needs to
function as a safe and effective work environment.
We believe the service-oriented meta-level model of the
eco-smart home for elderly independent living we explore and

present in this thesis is highly relevant for conceptualizing,
designing and developing eco-smart solutions for elderly
independent living and that this type of conceptualization work
“at the interface” is important for Computer Science.
We would even go so far as to suggest it is a step in the
direction of a general “service turn” which is on-going in
Computer Science and Computing practice today.
Human-Computer Interaction is an acknowledged and well
established area within Computer Science which deals with
among other things how interactions between humans and
computers can be conceptually modelled such that interacting
with computers is cognitively supported and simplified for
human users. In Scandinavia, the tradition of Participatory
Design, which encourages early and continual involvement of
future users in the design of IT, goes back to the late 1960:ies.
With a participatory and user-centered approach, such as we
have attempted to apply in our study, it is considered that the
best way to evaluate the general conceptual model around
which human-computer interaction in the smart home can be
designed and developed is to get feedback from potential future
users.
Thus, on one hand, the contribution of our thesis is to provide a
comprehensive exemplar of a comfortable eco-smart environment for elderly independent living which combines integrated
technologies with choices of a desired level of service, thus
bringing complex combinations of a multitude of different
technological systems required for eco-smart homes closer to
the actual everyday needs of the future users. Due to the
adaptable design of the different levels of the care service
system in the eco-smart home, the elderly users can control the
cost of their eco-smart home. At the same time, the elderly user
can choose the services which are necessary for them, and omit
the superfluous ones.
On the other hand, from a Computer Science perspective, in the
overlapping application domains of eco-smart homes and
technical support for healthcare and homecare service
provision, our main contribution is to bring to the foreground a
focus on integrated services which are adaptable to different
levels and combinations of user needs in the context of
eco-smart elderly independent living. With the rapid
development of science and technology, new technological
solutions will rapidly replace some of the old ones. We
developed a meta-level conceptual model for the eco-smart
home. It can contain a variety of different technological
products, mostly based on software which should be easy to
upgrade as new technology becomes available.
With the development and popularization of technology,
intelligent technology has been gradually applied to housing
among the elderly. The design of the eco-smart home for
elderly independent living will change people's living
environment, and this solution will be closely related to, and
intertwined with, people's everyday lives, especially when most
of their time during old age will be spent in their home.
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IX. FUTURE WORK
The objective of this thesis is to provide a simple meta-level
conceptual model for an eco-smart home for elderly. But if the
smart home system cannot be easily used, then improving the
living conditions for the elderly is empty talk. Consequently, a
simple, convenient interface for elderly to use is crucial for the
intelligent building. In the future, the design of an interface that
can help elderly users to clearly understand the smart house
system, and help them easily to control the varying systems, is
necessary. In addition, if the elderly user encounters any
problems they can also use the interface to easily send feedback
to inform the technical team for further support and
maintenance. It should thus be simple to diagnose and solve
problems in a short time, due to efficient tools for distant
diagnosis of technical problems and excellent feedback
management.

Diagram 8- Future of user interface for eco-smart independent living
– a challenge for Computer Science research

Based on our meta-level conceptual model, we have indicated
the need to integrate adaptable technologies and services from a
use- and user-perspective. ´We hope in the future, the user
interface for eco-smart independent living will be further
developed through participatory user-centered design, in order
to become comprehensive and easy to grasp. Although this is a
challenge for future research, we have thought a bit about how
this challenge could be addressed. The user interface could for
instance include five main sections, Introduction, eco-smart
home control, personalized settings, feedback and system
updates and database (see Diagram 8). Moreover，Part I shows
the application effect diagram of the eco-smart home. Part II is
the eco-smart home control. In this part, elderly users can set
the interface attributes, such as setting the language of the user's
interface, set a password, and select the wireless network nodes
and so on. The part of personalized settings describes the three
service levels and the systems contain varying technologies for
the elderly user, in order to help the elderly user choose an
appropriate service level. The last part is feedback and system
update. If the elderly user encounters any problems or have
suggestions for improvements, they can use this function to
give feedback to the system maintenance team. Also, elderly
users can upgrade the system and get regular maintenance

through this function. The database part of the main function
will store the current elderly user’s information, which can be
used in the future, in order to envision the smart house system
more intelligently and more personally for the individual user.
It is necessary to build a smart database for our smart home
systems.
Moreover, in future work, the system could develop a
corresponding service plan to meet varying needs, and store the
service plans in the database of the smart house system. When
the elderly person moves into the smart home, the system could
spend time to gather information about and understand the
elderly person’s needs and habits. This is not science fiction, as
the on-going research on Situation Awareness in Smart homes
at Halmstad University shows us. This research is being carried
out with the aim to provide a desired service system to detect
potentially dangerous situations by sensing, learning and
categorizing behavior patterns of elderly people living in their
own homes. [49] In the future, we can also add this technology
to our meta-level conceptual model. (After all, our simple
model allows plug-in and un-plug of smart sub-systems in the
blink of an eye.) Certainly, the elderly users will need more
services as they become older. Therefore, the system should
have the ability to automatically update itself depending on user
needs. For example, the system could automatically adjust the
service plan based on people's habit changes. In this way, the
eco-smart home could provide a better environment for the
elderly to enjoy their old age.
As mentioned in the previous section, elderly people in China
are less concerned with these issues, as most of the elderly
people there live with their children. However, in recent years,
adult children are heavily occupied with work and care for
young children, and are thus often too busy to take care of their
elderly parents. Therefore, more and more elderly people have
begun to live alone. Thus eco-smart elderly independent living
may become a serious concern in the future for China also.
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Appendix A. questionnaire for research Questionnaire for Elderly

Master students at BTH
Liu xiaohui, liuxiaohui66666@gmail.com
Zhang Yiran,zhangyiran520@gmail.com
1 Vad heter du och hur gammal är du?
_________________________________________________
2 Har du mailadress?
_________________________________________________
3 Har du mobiltelefon eller annan teknik?
_________________________________________________
5 Har du smartphone eller iPad?
_________________________________________________
6 Bor du i egen lägenhet?
_________________________________________________
8 Vilken typ av stöd har du hemma? Hemtjänst?
_________________________________________________
9 Vilken typ av stöd skulle du vilja ha?
_________________________________________________
10 Vilken teknik skulle du vilja ha hemma?
Trygghetslarm
Påminnelser
larm
Stänga av spisen
Påminnelser om att dricka
Mäta hälsa, blodsocker, temperatur
11 Skulle du vilja ha en kalender som påminner om att du behöver träna?
___________________________________________________
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Appendix B. Questionnaire for first version in English Questionnaire
About eco-smart home for the elderly independently living
by BTH students Liu Xiaohui and Zhang Yiran
1.

What is your gender（）
A. Male

2.

B. Female

Indicate what age-group you belong to（）
A.55-65
B.66-75
C.76-85
D. over 85

3.

Do you live alone or with someone / some others? （）
A. Alone
B. With my husband / wife / life partner
C. With my family / my child (multi-generation residents)
D Extended family (a number of individuals who live together without all of the family)
E.Community Living

4.

How do you live?（）
A. Apartments in plain apartment buildings
B. Villa / Personal house
C. Apartment in service / Senior Housing
D. Apartments in nursing home / Retirement home
E. Private room in nursing home / Elderly homes
F. Shared room in nursing home / Retirement home
G. No house

5.

What is your present health condition（）
A. Perfect, no problem
B. Decent
C. Not so good
D. Poor

6.

What is your source of income / financial resources to live on? （）
A. Income from own work
B. Pension
C. Income from equity investments / Bank savings
D. Social assistance or Government support
E. Contributions from my children
F. Other

7.

How often do you exercise or do some sort of leisure? （）
A. Every Day
B. Very frequent: Over 3 times a week
C. Fixed time: Once or Twice a week
D. Occasionally: Only a few times a Month
E. Scarcely: Very Rarely
F. Never

8． Would you like to try new technical solutions in the home? （）
A. Preferably, it would be fun!
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B. Can imagine trying
C. Maybe
D. Not interested
9． When you get older, what type of accommodation do you think you will choose? （）

A.I want to continue living where I live now
B. Sheltered / Senior Housing
C. Apartments in nursing home / retirement home with access to professionals’ health care
D. Villa / Independent house with intelligent technology that allows different levels of support / Care at home
E. Apartment with intelligent technology that allows different levels of support / Care at home
F. Other (please specify :…………………………………………………………………………………………………………………….)
10． How much will you spend on your Smart home? （）
A. None, it should be free
B. It must be cheap
C. If it's good, I will pay quite a lot
D. Price is no problem if it works.
11. What do you think about the daily life (main occupation)? （）
A. Housekeeping
B. Watching TV
C. Reads
D. Listen to the radio
E.Recreational activities, such as walking or outdoor activities
F. Indoor Activities for elderly
12. Can you manage your daily life?（）
A.Absolutely I can
B. With a little help, I can get along quite well
C. Add constant help/I need help all the time
13. The main purpose of your use of the network is? （）
A. Internet services
B. Video contact with your families
C. Surfing online and information search
D. Other
14. What are your opinions and desires for the Eco-smart house？ ………………………………………………………………….
15. Do you have any smart interfaces today in your home?
Give some examples: ………………………………………………………………………………………………………..……………………….
Do they work? ……………………………………………………………………………………………………………………………..……………
Do you like it? ……………………………………………………………………………………………………………………………………………
16. If it is OK for us to contact you for a short interview via email or telephone, we will very appreciate
Name:
Email:
Phone Number:

Thank you for participating in our survey!
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Appendix C. Questionnaire for first version in Swedish
Frågeformulär om eko-smart boende för äldre
av BTH-studenterna Liu Xiaohui och Zhang Yiran

1.

Är du man eller kvinna?
 Man
 Kvinna

2.

Vilken åldergrupp tillhör du?






55-65
66-75
76-85
over85

3.

Bor du ensam eller tillsammans med någon/några andra?
 Ensam
 Med min man/hustru/livspartner
 Med min familj/mina barn (flergenerationsboende)
 Storfamilj (ett antal personer som delar boende utan att alla ar slakt)
 Gruppboende

4.

Hur bor du?
 Lagenhet i vanligt flerbostadshus
 Villa/eget hus
 Lagenhet i servicehus/seniorboende
 Lagenhet i aldreboende/alderdomshem
 Eget rum i aldreboende/aldersdomshem
 Delat rum i aldreboende/alderdomshem
 Saknar bostad

5.

Hur har du det med hälsan?
 Utmarkt, inga problem
 Ganska bra
 Inte sa bra
 Daligt

6.

Vad har du för inkomstkälla/ekonomiska resurser att leva på?
 Inkomst fran eget arbete
 Pension
 Inkomst fran kapitalinvesteringar/banksparande
 Socialbidrag
 Bidrag fran mina barn
 Annat

7.

Hur ofta motionerar du eller utöver någon form av fritidsaktivitet?
 Varje dag
 Ungefar 3 ganger i veckan
 En eller tva ganger per vecka
 Ett par ganger i manaden
 Mycket sallan

34
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Aldrig

8． Vill du prova nya tekniska lösningar i ditt hem?






Garna, det skulle vara roligt!
Kan tanka mig att forsoka
Kanske
Ar inte intresserad

9． När du blir äldre, vilken typ av boende tror du att du väljer?








Jag vill bo kvar som jag bor nu
Servicehus/seniorboende
Lagenhet i aldreboende/alderdomshem med tillgang till vardpersonal
Villa/eget hus med intelligent teknik som mojliggor olika nivaer av stod/vard i hemmet
Lagenhet med intelligent teknik som mojliggor olika nivaer av stod/vard i hemmet
Annat (ange vad:………………………………………………………………………………………………..)

10． Hur mycket kan du tänka dig att betala för en intelligent teknik/smarta hem lösning?






Ingenting. Det far inte kosta nagot.
Det maste vara billigt.
Om det ar bra kan jag tanka mig att betala ganska mycket.
Priset ar inget problem, om det fungerar.

11. Vad gör du om dagarna (huvudsaklig sysselsättning)?








Hushallsarbete
Tittar pa TV
Laser
Lyssnar pa radio
Fritidsaktiviteter, tex promenader
Inomhusaktiviteter for aldre

12. Klarar du dig på egen hand till vardags?

 Absolut, jag klarar mig sjalv
 Med litet hjalp kan jag klara mig ganska bra
 Jag klarar mig inte sjalv, jag behover hjalp hela tiden
13. Om du använder nätet, vad använder du det framför allt till?






Internettjanster
Video kontakt med familj och vanner
Surfa pa natet och informationssokning
Annat

14. Vad tror du om/ vad skulle du önska dig om du fick välja ett miljösmart hem? .....................................…………
15. Har du några smarta gränssnitt i dag i ditt hem?
Ge några exempel: …………………………………………………………………………………………………………………
Fungerar de? ………………………………………………………………………………………………………………………….
Tycker du om dem?...............................................................................................................................................
16. Skulle du kunna tänka dig att ställa upp på en kort intervju via antingen e-post eller telefon? Lämna i så fall
ditt namn och kontaktinformation nedan:
Namn:E-post:Telefon:

Tack för din medverkan i vår undersökning!
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Appendix D. Final Questionnaire for evaluation
Hemtjänst + Hälsovård + Sjukvård + Miljötänk
för bekvämt självständigt boende i det egna hemmet
Det här frågeformuläret har tagits fram som ett led i ett examensarbete i datavetenskap påmagisternivåpå
Blekinge Tekniska Högskola. Vi som håller påmed detta examensarbete är tvåkinesiska studenter som heter
Xiaohui Liu och Yiran Lui. Vårt examensarbete är kopplat till ett pågående EU projekt, INNOVAGE, som
Blekinge Tekniska Högskola medverkar i, med fokus på miljö-innovation för smarta hem och ett
självständigt liv för att öka livskvalitén för åldrande personer. Vi vill väldigt gärna fåta del av era idéer och
synpunkter kring detta!
När man utvecklar nya tekniska lösningar för ett hållbart samhälle är det viktigt att utgåifrån upplevda behov
hos de tänkta användarna. Vi har i examensarbetet tagit fram en första skiss till en enkel modell för boende
för äldre där ekologiskt genomtänkta lösningar för boendet kombineras med olika nivåer av hemtjänst och
hälso- och sjukvårdstjänster. Vi har försökt göra modellen såenkel och övergripande som möjligt för att
kunna inspirera till diskussioner kring upplevda behov av stöd för bekvämt boende när man blir äldre.
Nu genomför vi en första utvärdering av vår modell. Vi är väldigt tacksamma om ni vill ta er tid för att svara
påvåra frågor. De svar vi får in kommer att sammanställas och bidra till att skapa underlag för en bättre nästa
version av modellen. Frågorna (11 stycken) börjar påsidan 3 och slutar påsidan 4.

 Såhär har vi tänkt kring modellens komponenter och uppbyggnad
Det finns många fiffiga tekniklösningar för smarta hem idag Många av lösningarna är ocksåmiljövänliga.
Men det är inte tekniklösningarna i sig som vi vill fokusera påi första hand i vår modell. Vi föreslår istället ett
tjänsteperspektiv med tre olika nivåer för att möta varierande behov av stöd i vardagen.
Man kan säga att vi lägger de tekniska lösningarna i en ”svart låda” så långe – vi bygger tekniklösningarna
först när vi fått en bättre förståelse för användarnas behov.
[Säkerhetssystem]

[Larmtjänst]

[Solenergireglering]

[Smart belysning]

[Luftkonditionering]

[Sensorsystem]

[Värmereglering]

[Hälsomonitor]

[Gråvatten/Avlopp]

[Fjärrkontroll]
[…]

[Automatdammsugare]
[Internet/Intranät]
[Intelligent minne]
Istället fokuserar vi påde tre olika tjänstenivåerna:
Hushållerskan/sjuksköterskan
(Nivå3)
Hemhjälpen

för den som har svårt att klara vardagen själv
och/eller lever med svåra funktionshinder
för den med vacklande hälsa, den som börjar bli
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glömsk, svag och trött och/eller har vissa
funktionshinder
för den som är vid god hälsa och kan klara
vardagslivet på egen hand men vill ha hjälp
ibland

De här nivåerna kombineras med olika smarta delsystem för det eko-smarta hemmet, i en övergripande
modell som ser ut som nedan (påengelska):

 Utvärdering av modellen (version 1)
Bästa sättet att utvärdera modellen och förbättra den är att analysera kommentarer och synpunkter från
människor som har inblick i och förstår äldre människors vardagsbehov och som själva skulle kunna tänka
sig att vara framtida användare av eko- smarta boende lösningar för äldre. Därför vill vi gärna fådina svar på
följande frågor:


Vad tycker du? (Svara med kryss i vald kolumn)
Mycket
dåligt

1. Är tjänstenivåer ett bra sätt att
diskutera användarnas behov när det
gäller självständigt eko-smart boende för
äldre?
2. Tror du att valmöjlighet mellan olika
tjänstenivåer kan bidra till att användaren
får ökad kontroll över sin egen vardag och
livskvalitet?

Dåligt

Vet ej

Bra

Mycket
bra
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3. Tycker du att benämningen påde olika
tjänstenivåerna (på svenska) ger en bra
indikation om skillnaderna mellan nivåerna?


Har du egna förslag och idéer att bidra med? (Svara med egna ord)

4. Tips om andra och bättre sätt att se påoch beskriva smarta lösningar som skulle kunna underlätta dialogen
kring eko-smart boende för äldre?
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
……………………………………………………………………………………………........................
…………………………………………………………………………........................

5. Vilka eko-smarta hem lösningar, hemtjänster och hälsotjänster skulle du vilja ha i ditt hem redan idag?
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
……………………………………………………………………………………………........................
…………………………………………………………………………........................

6. Påvilket eller vilka sätt skulle du vilja lära dig att interagera med och kontrollera ditt eko-smarta hem? (t ex
manual, video panel på väggen, telefon support, en person som instruerar dig på plats angående hur du
använder systemet, andra alternativ?)
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………
7. Vilka eko-smarta hem lösningar, hemtjänster och hälsotjänster har du redan idag i ditt hem, om några?

…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………
8. Vilka tror du är de viktigaste behoven som behöver uppfyllas för att äldre människor ska kunna fåett
bekvämt, självständigt, miljövänligt boende i framtiden?
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
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…………………………………………………………………………………………………………………
……………………………………………………………………………………………........................
9. Är du kvinna eller man?

 Kvinna

 Man

10. Hur gammal är du?
 20-40

 50-60

 61-65

 66-70

 71-75

 76-80

 81-85

 86-90

11. Var det någon eller några frågor du tycker borde tagits med som saknas?
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………Tack för din medverkan!
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Appendix E．Workshop about INNOVAGE and Meta-level of Conceptual
model Description
Evaluation Workshop

Description

Evaluation Workshop in Karlshamn

2014-11-04 ,15:00
Evaluation
Workshop in
Karlshamn with
13 (12female,

2male)
elderly people
there whom they
were evaluated
the meta level
conceptual model

Evaluation Workshop in Ronneby

2014-11-04 ,10:00
Evaluation
Workshop in
Ronneby with 28
elderly people
there whom they
were evaluated
the meta level
conceptual model

Approved

Evaluation result
Limitation

Most of the elderly agreed
with the general idea of the
conceptual model, especially
putting the service perspective
foremost.

A woman who had worked
for 27 years in the
municipality elderly care
pointed out that the service
levels could be further
developed based on the
service provision guidelines
for municipal healthcare
provision that are currently in
use.

Most of the elderly agreed
with the general idea of the
conceptual model, especially
putting the service perspective
foremost.

We should more clearly to
describe the relationship
between each service level as
well as the details of the
elderly need level.
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Appendix F．List of experts interviewed about their experiences and
ideas about user needs and how these can be conveyed and discussed
in the context of services and technologies to support ecologically
sustainable elderly independent living
Expert

Maria Cucek
Head of Elderly
Care Unit
Karlskrona
Municipality

Jenny Lundberg
Senior
Researcher,
Municipal
Research
Coordinator
Lund University
Linneaus
University
Karlskrona
Municipality

Background/ areas of expertise
Responsible within municipal elderly care for homecare, resource and competence provision, special
living arrangements (“särskilt boende”), rehabilitation and daily activities, the alarm center, night patrol,
personal assistants, attendants (“ledsagare”) and contact persons . Mentor for leaders in Karlskrona
municipality and the County Council of Blekinge. Has 28 years of experience within municipal elderly
care. During 1988-1996 also directly involved in the determination of individual user needs of levels of
service within homecare and healthcare for elderly people.
Experience of R&D projects in the area of elderly people and IT: Took part in a project in collaboration
between the County Council of Blekinge and Karlskrona municipality (”Äldrelots”, 2011-2013) which
focused on developing methods and work practices for ensuring safe transfer of elderly from hospital
care (after operations etc.) to care in their own homes. Distinct channels for communication for safe
and secure transfer of information about patients between the involved healthcare organizations were
an important part of this project, as were support and information to elderly patients and their next of
kin. The project also addressed a general concern for and need of enhanced collaboration between
Blekinge municipalities and the County Council of Blekinge within healthcare for elderly people.
Maria Cucek has an education in leadership and supervision of social work from Kristianstad University.
PhD in Computer Science from Blekinge Institute of Technology 2011. Assistant professor at Blekinge
Institute of Technology 2011-2014. Since April 2014 employed as Senior Researcher at the Department
of Design Sciences, Lund University, where she is involved in R&D projects focusing on technologies for
supporting healthcare delivery in people’s home environment. Part-time employed at the eHealth
Institute, Linneaus University, and as Municipal Research Coordinator within the Elderly Care Unit in
Karlskrona Municipality.
Has gained experience over the past four years of R&D projects of relevance for eco-smart homes for
elderly independent living: Project leader of SmartHomes (2011-2012), focusing on user-driven design of
smart home solutions together with a private company, funded by Blekinge Forskningsråd. Participant in
the project “SeniorBokväm” (2011-2012), focusing on technical requirements and infrastructure for
building of accommodations for elderly, coordinated by Karlskrona Municipality and funded by
Hjälpmedelsinstitutet. Local project coordinator for the EU INTERREG IV project INNOVAGE (2012-2014),
focusing on cluster building around user-centered innovation for the elderly, with eco-sustainable
independent living as one reasonable solution. Participant and responsible for company cluster in
Remote Diagnostics, (2012-2018), funded by Kunskapsstiftelsen, focusing on developing two new
advanced level specializations for engineering students, one within audio-, image- and video systems
and one within interaction design and sensor feed-back. These are competences that will conceivably be
valuable for supporting and servicing applied health technology as well as eco-smart solutions in general
in home environments in the future. Participant in the Indo-Swedish R&D project Health in Hand –
Transforming Healthcare Delivery with Innovative Mobile Technologies (2014-2016), funded by
VINNOVA and focusing on support for managing a healthy and independent life even if you are living
with one or more chronical diseases and/or functional disorders. Also currently doing ethnographic field
studies for Lund University in connection with the VINNOVA-funded project “IT-stöd för avancerad
cancervård i hemmet”, with a focus on supportive technologies for care of seriously ill people in their
home environment. (Project leader: professor Boris Magnusson, Dept. of Computer Science, Lund
University).
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Anna Tegel
Head of
Department
County Council
of Blekinge

Ju Zhenhe
Insol, Expert at
CSUS: China
Urban Studies
Society
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Manager and project leader at the Swedish Innovation Center for Applied Health Technology
(SICAHT), which is a triple helix innovation platform funded by Region Blekinge, Blekinge
County Council, Blekinge Institute of Technology and the Swedish Agency for Economic and
Regional Growth (EU ERDF). The organisation aims at driving innovation and growth within the
digital health sector.
Community Manager - Future Internet - Social and Technological Alignment Research in
connection with FI-STAR, a research project funded by the EU that aims to establish early trials
in the Health Care domain building on Future Internet technology. FI- STAR is working on
deploying and executing 7 early trials across Europe, serving more than 4 million people.
Mats Löfdahl has approx. 15 years’ experience of product and service management, innovation
and development in the telecommunication industry (Ericsson), both in Sweden and
internationally, with a main focus on mobile services and innovative mobile technologies.
During recent years his main focus has been in the area of applied health technology, where he
has made considerable contributions to building up a regional cluster of competence including
both public and private stakeholders and interest groups in Blekinge.
One of 8 members on the National Medical Advisory Board of Inera (www.inera.se), a company
that coordinates the shared development of eHealth services for County Councils and regions
on a national level in Sweden. Holds her current position at the County Council of Blekinge
since Sept 2013. Previously Development Manager in eHealth at Regionförbundet Södra
Småland, Växjö. Before that IT advisor and project leader at the Competence Centre at the
County Council of Blekinge, and before that ICT advisor at Blekinge Institute of Technology for
10 years (2002-2010). Has extensive R&D project experience in the area of IT and healthcare,
partly with a specific focus on elderly people, IT and eHealth services: Has been one of a team
of four from the County Council of Blekinge in the R&D project Telemedicine, was an IT advisor
for a regional project on competence development in nursing and caring (KIVO), and was a
project leader in a regional project on tablet and video communication for elderly people in
Blekinge (“Läsplatteprojektet”).
Anna Tegel is a registered nurse and has a Master’s Degree in Informatics from Linneaus
University, besides her Bachelor’s Degrees in Pedagogics as well as in Nursing.
Chief Engineer at Insol, Liaoning Solar Energy R&D Co Ltd, China, and expert at CSUS: China
Urban Studies Society. Master of World Economics from Nanking University (2000) and Master
of Solar Energy and PV Electricity from Högskolan Dalarna (2004). Professor Ju Zhenhe was
initially interviewed to gain insight into how eco-smart homes are being planned, designed and
discussed in China, and how sustainable solutions such as solar energy are modeled and
presented, both to people with technological expertise in the area and to potential
stakeholders who are not experts and do not understand the complexity of the technical
solutions that are currently available.
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