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Tangible Information Technology
for a Better Ageing Society

Preface

The purpose of this volume is to present the doutions of European researchers in the fields af #3d
Ageing and einclusion, to the CONFIDENCE 2010 In&tional Conference. Information and
communication technologies (ICT) addressing thelsed the older segments of the population atteimpt
support people to remain independent, to maintaimaive participation in society, and to improbveit
quality of life. Populations are getting older irosh countries. We can affirm that increased lorigesgi a
great achievement of modern societies. Howevergtlage threats to the wellbeing of modern societies
coupled to this demographic change, such as tmeasing dependency ratio, dispersion of nucleailisn
organisation and management of care for older dbpenpeople, maintenance of welfare systems and
pensions, to name a few. Demographic figures rdtistthe breadth of the landscape that we contéenpla
The Statistical Office of the European Communitiesrostat) predicts that by the year 2060 the paimn
over 65 years of age will rise from 17% in 2008@%. This situation will impose additional challesgo

the older people and the society as a whole.

ICT is everywhere. With portable personal computerernet, and mobile communications (voice and
data) we are experiencing more and more “ubiquitbarmputing”. The incorporation of hardware and
software into products and habitats results in E2§ed “smart” cars, and homes, for example. Wheseth
hardware and software components are everywherghdutpresence and operation go unnoticed to ske u
we deal with “pervasive computing”. The possikeaidithat ICT offers to us are enormous and can iborter
to ease the lives of older people. Many of its @ggpibns can clearly contribute to the satisfactibsome of
our needs.

A basic premise is that ICT is developed by humand for the benefit of humans. Despite this,
technology has been complex, difficult to use esplgcfor non-experts, and hence not always acddpta
For reasons such as the lack of training in olémegations, the need for a basic infrastructuge aepersonal
computer and a connection to the Internet, it e l@een inaccessible for many older people witlitihvout
disabilities. With research contributions suchhasdnes presented in the CONFIDENCE 2010 Intennailtio
Conference: Open Doors to ICT for Ageing and elsidn, 9-10 December 2010, University of Jyvaskyla,
Finland, it seems clear that designers and devedape taking adequate steps to gain insight heaneeds
and limitations of older people. ICT applicationss@ined with the needs of older people and other
stakeholders in mind can contribute to the marketicaess of innovative ICT applications. The reverse
situation would not be so favourable, i.e. if weeosome ICT solution, which the potential oldeenssdo not
need, they will probably not perceive any benefd as a result they will not acquire it. If theygsEve some
benefit but the disadvantages of using that ICTitem are greater than the benefit they will prdpaint
buy it or abandon it soon after.

In this book, Anne-Sophie Parent and Nena Georgartavide recommendations to allow older people’s
voice to be heard at all stages of research. Theyoge that this will contribute beneficial insiglmto how
research will affect the wider community. Ethicasues in research and development activities wittien
CONFIDENCE project are presented by Narciso Gorz#lena Kamaéarainen and Outi Kalla. In addition to
the involvement of end users in R&D activitiesstpaper supports the tenet that ethical consideraince
the conception of system concepts and throughautptiojects can greatly contribute to successful ICT
products and services. Kristina Larsson and Evgd$ddgim, suggest that a user-centric approach isriaupt
when developing a product not only to increaseagpeal. User-centric activities are also meangdate
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understanding and curiosity among the end-users dpproach would supply the users with power to
engage in future technical development that wiketf their lives. Needs and requirements from pakn
users of the CONFIDENCE system are presented byaA¢amarainen, Narciso Gonzalez and Outi Kalla.
The authors also report on contextual demograpbfcshe region of Jyvaskyld. This contributes to
understand the living conditions of the people wduk part in these studies.

The AGIS Integrating Project, presented by Marian@e and Evangelos Bekiaris contribute the user
centred design (UCD) approach developed in theeptojThe aspects of the design, development and
deployment of accessible mainstream ICT are adeldessthe paper. Additionally, they report the @er
evaluation framework of the accessible ICT applocest developed in the first 1.5 years of the projEteni
Chalkia and Evangelos Bekiaris introduce the saifpthe ACCESSIBLE project. It aims at enhancing the
accessibility of ICT products in all applicationg Bnabling large organisation, SMEs or individugds
produce accessible software products. The genemesand results are introduced through the basic
outcomes, use case scenarios, and the evaluatitodoéogy to assess the usability and utility & tbols.
Automatic accessibility evaluation enabling framekgoare provided by Nikolaos Kaklanis, Panagiotis
Moschonas, Konstantinos Moustakas and Dimitriosv@z@s. They propose virtual user modeling techrique
that enable the simulated accessibility evaluablCT and non-ICT products and services. This @atibn
is performed at all the stages of the developmintstas Kalogirou and Evangelos Bekiaris, report and
analyse the feasibility of the design and architextof an accessibility framework based on Javariic
Edition.

Fall risk assessment in ambulatory conditions gored by Bart Jansen, Rudi Deklerck, lvan Bautmans
Bart Van Keymolen and Tony Mets. Their results ¢ate that energy expenditure (derived from tridaxia
accelerometer signals) during walking differs digantly between a group of elderly fallers andraugp of
elderly non-faller controls and is associated witiiking speed. Diego Gachet, Manuel de Buenagapkic
Padrén and Fernando Aparicio present the Navigge&rahe main goal being the design and developmen
of a technological platform that will allow eldeegple and persons with disability to access theret and
the Information Society. BozZidara Cvetkéyvirik Dovgan, BoStjan Kaluza, Mitja LuStrek, Maj&ams and
Violeta Mirchevska put forward the intelligent mdelsi used by CONFIDENCE. These recognise falls and
general disabilities and inform the emergency ses/when a hazardous situation is detected. hoisgsed
that older people would not need to move to othsidence different from their own home because Wity
receive assistance when needed.

Leticia Zamora-Cadenas, Juan F. Sevillano, Markasata and Igone Vélez offer a novel positioning
algorithm for indoor localisation systems that G@nemployed in ambient assisted living applicatidisey
suggest that this algorithm is able to improve dlgceuracy of the position estimation compared taeroth
solutions.

Abstracts of Interactive poster presentations meJurhe Personal Mobile Spadkrjén mobiilipalveluy,
by Reija Kuoremaki, Tuula Nousiainen, Jukka Varsala, Marja Kankaanranta and Pekka Neittaanmaki, is
an ongoing research project which aims at devegpgimlutions to support and promote well-being and
learning with mobile technology. Two main concegts addressed, exercise breaks in the work plessba
on an exercise program via mobile phone, and inutgr free-time physical activity. Juho Salminee|iki
Melkas, Antti Karisto and Raisa Valve describe Ttk — health stick — which is a modernised versd
the so-called SOS Passport, in which various healdted data may be saved. It functions as aysd@tice
in case of acute illnesses or injuries and a miarself-care and promotion of one’s own healttsy&tem to
detect risk automatically is presented by RainaniAt and Martin Kampel. A single sensor unit ipaize
of detecting a wide range of risks. This will enbarlderly people’s mobility and enable them tetactive
part in the self-serve society by reducing thearse

Concluding, the contents of this book try to spriednotion that older people’s needs must be taken
account even before an idea of any ICT solutiogiven the first consideration. This can be doneugh
scientific reviews, surveys, interviews, focus greuor a combination of techniques. The particgratf
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older people and their expressed needs could lmdayad the origin of ICT system ideas and devebgm
This in turn would likely result in useful, accelplie, ethical, and desired ICT products and servites our
hope to be able to open the doors to ICT for Ageind elnclusion to the most interested stakehaqldlees
older people.

Narciso Gonzalez
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Ensuring A Fruitful Future to Innovation And
Research

Practical Guidance for the Involvement of Older ftean Research Projects

Anne-Sophie Parent

AGE Platform Europe
Brussels, Belgium
annesophie.parent@age-platform.eu

Abstract— AGE aims at giving voice to people
aged 50+ so that projects and policies
addressed to this particular target group are
oriented by real user needs and a constructive
dialogue between the different stakeholders can
be achieved. While research and technology
can advance on their own, they will have very
limited impact and will result in minimum — if
any — benefits for society, if user involvement is
not taken on board. Allowing older people’s
voice to be heard at all stages of research
affords an insight into how research will affect
the wider community. AGE’s guide [1] serves
this multiple scope for present and future
research both at national and European levels,
always bearing in mind that older people are
not a homogeneous group and that there is not
a unique methodology of user involvement.

Keywords- user involvement; guideline; ICT;
ageing; older people; research; innovation

I.  INTRODUCTION)
Ageing research is increasingly becoming a
political and scientific priority and the

involvement of older people has gained significant
attention both in the research and policy fieldisTh
approach to involve users “reflects the democratic
approach to participation (...) being able to
improve the quality of their lives” [2]. Informatio
and communication technologies (ICT), elnclusion
and Ambient Assisted Living

(AAL) hereby play a central role, both in
connecting older people’s lives with research

13

Nena Georgantzi

AGE Platform Europe
Brussels, Belgium
nena.georgantzi@age-platform.eu

experiences, and in improving their quality of life
AGE Platform Europe (AGE) has finalized a
concise and practical guideline putting forward
principles and recommendations for user
involvement that can be readily adapted by
relevant stakeholders in their work. Building upon
literature evidence, input from research projests a
well as drawing from its own work in this field,
AGE had the vocation to fill in some gaps and
clarify the case for user involvement developing a
toolkit addressed to researchers and project
coordinators; older people’s organizations and
individual users; policymakers and public
authorities. Moreover, AGE wished to promote
this guide through its network of member
organisations, its research partners as well as
various collaborating institutions at the European
level. This paper falls under the attempt to reach
the latter aim.

Il.  OLDER PEOPLE AS USERS

The word ‘users’ is sometimes used rather
vaguely which may create confusion about what
exactly it refers to. Further complexity is created
because literature and practice also use the terms
‘primary’ and ‘secondary users’, ‘end users’,
‘direct users’, ‘beneficiaries’ etc. In a very bdoa
context, users are considered to be a group of
persons who are expected to benefit from the
developed service, product, technology or policy.
Depending on the purpose of the research, the
target group must be clearly defined. For instance,
are family members who pay for the developed
technology or service considered users even
though they do not benefit directly from it? Should



paid social workers and informal carers also be

included in the consultation? Researchers need to
take notion of these different interpretations and

decide which is/are the target group(s) that they
should involve to achieve better research results.

Besides, innovating for an ageing population
implies encompassing persons with different age,
sex, ethnic and geographic origin, social and
cultural backgrounds; with wide variation of
cognitive and physical abilities; with different
approaches and familiarity to technologies
developed or services studied. Particular attention
must be paid in order to avoid excluding
marginalized users and/ or treating completely
different situations in the same way: for instance,
old age can span 20, 30 or more years so treating
users over the age of 60 as a single group is
unlikely to give rise to generally applicable
findings. Thus a further ‘filtration’ of the user
groups is essential. Restructuring smaller age-
groups is considered necessary in order to respond
to real-life situations. In addition, equal inclosi

must be addressed: gender issues, situations of low

income, the lack of access to transport, disadsliti
or low self-confidence must be taken into account.

In order to capture the heterogeneity of users
and to ensure that all older people have equal
opportunities to participate, an inclusive approach
to user involvement is essential.

. WHY INVOLVE OLDER PEOPLE

Users have experiences, skills and abilities that
complement the knowledge and expertise of
researchers and policymakers [3]. Involvement of
seniors becomes particularly relevant for users,
researchers, industries and public authorities as
they constitute an important society and market
segment that stakeholders can no longer ignore. Of
course user involvement is not a panacea; it
requires additional effort and resources which may
also delay research outcomes and decision making.
So why involve users? What are the expectations
of those engaging older people? Understanttieg
impact of user involvemerg essential because the
different reasons for involving seniors may affect
the nature and the extent of user engagement [4].

While innovation and policy can advance on
their own, this section argues thgénuine user
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involvement! , can bring an added value to
research, policy and practice. Market deployment
of the developed products and services is
facilitated as real needs and problems are
addressed; this obviously translates into cost
benefits for the society as a whole. In addition,
participation insofar as it means that older people
are respected and feel valued is a key component
of seniors’ wellbeing. In particular, older people
can benefit from being involved in research in
various ways:

* They are informed about research which
concerns them directly, such as
innovative solutions that can support
everyday living at home or research
findings on a mental disease;

* They become familiar with processes
and methodologies and may even
acquire new knowledge and skills. In
fact, older people gain a better
understanding of how research is
framed and undertaken, what are the
methodologies used and may also have
the possibility to develop organisational,
interpersonal or other skills;

They have additional opportunities for
social and political participation. In this
sense they do not feel exploited by
research and may gain confidence that
they can make a change in the political
and research scene.

Genuine user involvement also means that:

* Research ends up in results which are
relevant for older people and which can
be used in policymaking. As a result the
qguality and applicability of research is
improved [5];

e Users accept the developed service or
technology more easily;

' The term genuine user involvement refers to useolvement
which is meaningful and productive because it aafuence
research set-up, development and outcomes as walkeaision-
making in the policy field. It means conductingeash or policy-
related studies not for or about seniors, buthwitler people, or
even undertaken by users themselves. In sum, genuser
involvement means that users are not involved aslgubjects of
the undertaken study but they assume an impormétrr it.



* Risk of ageism is avoided because older
people are seen as valuable experts;
Resources are invested on research
which is important and can have an
impact on the lives of older people.

In addition, if user involvement is organisation-
based, a better dissemination of research outcomes
may be achieved through the well-established
network of contacts of older people’s
organisations.

Iv. LEVELSAND METHODSOFUSER
INVOLVEMENT

There are various stages and levels of user
involvement in research. AGE’s guide presents
some theoretical categorizations which may serve
as models. However, in reality different methods
and levels of engagement may co-exist. Of course,

participation comes at a later stage when the
technology, product or service has already been
concretized, there is a higher risk that the feeklba
from the users will not be implemented, especially
when it requires fundamental changes in the
prototypes which would result in significant
additional costs.

In sum, a balance must be sought between the
different approaches, by clarifying who takes the
initiative, what are the expectations, what type of
user involvement is feasible and in which stage
older people will be involved.

v. CHALLENGESFORUSER
INVOLVEMENT AND HOW TO OVERCOME
THEM

Genuine user involvement is quite complex and
encompasses many challenges: it means

all approaches have strengths and weaknesses. Forovercoming barriers, enabling people to use their

instance, while user-led initiatives give a strong
say to older people and may be able to make
fundamental changes (as older people are not only
asked to evaluate but also to come up with new
ideas), funding and resources can be problematic.
On the contrary, research led by public bodies or
other agencies is more likely to reflect already
established research agendas and thus limit its
impact but at the same time it may gain financial
and other type or formal support and credibility

[6].

Users may be involved at all research phases,
from framing a research question to disseminating
results and being part of a potential follow-up of
the project. Obviously, there is a huge difference
between distributing a questionnaire to older
people and undertaking research where users are
asked to play an active role. Some examples of
user involvement include the establishment of
User Fora Advisory Boardsand Focus Groups
The method that will be followed depends on the
purpose of the conducted research as well as the
available resources.

Even though there is no one-fits-all solution, as
it has been demonstrated by various profects
early user involvement is the best option for
evidence-based research. In fact when user

2Among others : ERA-AGE, FORTUNE, USEM, FUTURAGE,
OASIS, Dreaming, Mediate
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own voice, engaging in a long-term creative
dialogue with users, recruiting experts to cauy o
sociological work, etc. Meanwhile ICT and
ageing raises new ethical questions related to the
vulnerability of the user, the changing
characteristics of the user population, budget
constraints and the constant development of
science and technology [7]. Some of these
challenges are tackled by AGE’s Guide.

A. Planning User involvement

Meaningful involvement in research requires
planning and adequate resources; otherwise it is no
more than a tick box activity. Preparing user
participation includes refining legal, ethical and
practical risks, defining roles and responsib#itie
for all parties, deciding on methodologies as well
as timing and budgets.

User participation should be facilitated by
various means: providing people with the
necessary support and/or training; distributing
material in a language and format that they can
easily understand; making arrangements so that
they feel comfortable, understand clearly the
research issues and are able to participate
effectively in the process; engaging qualified
researchers who can encourage them, help them
understand and observe them in real-life
conditions in order to appreciate older people’s
needs. As some participants may lack confidence
or familiarity with the methodologies used or the



topic studied, empowering people to use their own
voice is a crucial factor.

Limited time often hinders meaningful user
involvement. Planning should ensure that
timescales for involving users (for recruitment,

participation and evaluation) are realistic.
Sometimes the need for funding of user
involvement is underestimated: users are often

expected to contribute with their time and
expertise for free while project partners get paid
for their contribution. While remuneration might
be envisaged, especially for long-term user
engagement, users are often motivated to
participate on a volunteer basis, as long as their
basic expenses are covered. However, users should
not be asked to pay any extra fees for participatio

in the project. If some of the users need personal
assistance, special arrangements should be made to
support their participation by covering all or at
least a part of their expenses.

When searching for a suitable venue, besides
budgetary concerns, accessibility issues should
also be addressed; especially when working with
older people, providing a place with sufficient air
and light, as well as clean and accessible entrance
and toilets is particularly important. Regarding th
organization of meals and coffee breaks for
participants, dietary needs should not be neglected
In addition the food should be adequate and
culturally appropriate.

When planning user involvement, all relevant
legislation, regulation and ethical codes should be
taken into account; it has to be defined in details
how these provisions will be met in terms of
processes, timing and responsibilities and it is
important to raise them during the planning phase,
otherwise in case a problem arises, it will be hard

to remedy and it may even have legal
consequences.

Some key ethical concerns include the
following:

Consent of the end-user

Objectives of research and benefice to
the user

Safety
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* Independence of research and
researcher
* Respecting decisions, dignity and

integrity of user
Gender balance

Equality

Privacy and data protection

Copyright issues have to be clearly defined,
including whether users can make use of the
acquired information and knowledge. All those
participating in the process have to be able to see
the outcomes of their contribution. In addition,
users should be acknowledged in any work that
arises from the user involvement process.

The provisions regarding the lawful processing
of personal data have to be respected even if the
users have given their consent. Especially
regarding sensitive data, like physical or mental
health, sexual orientation and ethnic origin, more
restrictions apply. As European States may
interpret the scope of the European instruments
quite differently, special attention should be give
to national legislation.

To avoid risks related to the processing of
personal data such as identity theft, profiling or
constant  surveillance, the principle of
proportionality has to be respected. Data can be
used only for the initial purpose for which they
were collected. Anonymization or
pseudonymization are ways to prevent violations
of privacy and data protection rules. Processing
has to be limited to what is truly necessary asd le
intrusive means for realizing the same end have to
be considered.

B. Recruiment

The selection and recruitment of users is a
crucial part of the user involvement process:
depending on the subject of the study undertaken,
the target group and the representativeness of user
have to be clearly defined. Representativeness may
depend on some of the following factors [8]:

Age

Socio-cultural and ethnic backgrounds
(profession,  ethnicity,  nationality,
community, etc)



* Physical and cognitive ability
» Sensory ability (hearing and vision)

* Personal circumstances
arrangements, income, etc)

(living

Besides, when selecting users, the risk of high
percentage of drop-outs should be taken into
account, especially when dealing with older people
and frail users. To enhance user participation and
avoid last-minute withdrawals, users need to agree
on the ethical code managing the trial and to be
informed and trained to the use of prototypes of
devices and services before the beginning of the
trials. User involvement means investing in users
and consequently drop-outs have a substantial
impact.

Using appropriate language and modes of
communication are also important factors in the
recruitment process. To approach users, linguistic
and cultural differences need to be addressed;
personal contacts, meetings in local communities,
telephone discussions are good alternatives to
emails which in most cases can reach only a small
part of the senior population. Another good
practice is the use of peers, professionals, yaunge
people that the involved users can trust and whose
experience can encourage them [9]. In order to
induce motivation it is essential to make users
understand that their contribution is valued;
knowing how their opinion will be used to make a
change, will persuade people to get engaged.

C. User Involvement in practice

Striking a balance between wusers’ and
researchers’ knowledge, experience, priorities and
expectations is definitely not an easy task. It
requires a lot of time and commitment but at the
end it will have the most important effect on the
quality and the impact of the undertaken activity
[10].

The stakeholders involved need to build a
partnership based on respect; trust among the
different parties has to be ensured from the early
beginning and users should be treated like experts.

% The Dreaming project (Elderly Friendly Alarm Hamdji and
Monitoring) experienced the impact of drop-out @tinical trails.
A consistent revision of the trials became necgsaad it led to
the remodeling of timing, budget and trial's struet too. More
information: www.dreaming-project.org
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This includes, being flexible on the agenda as
topics which were not decided by researchers may
arise. Unless, users are given the possibility to
significantly alter what has been already defined
and decided before their participation, one cannot
claim of undertaking genuine user involvement.
Differences and gaps in communication is a
central issue that needs to be addressed. Concepts
need to simplified and explained; users need
encouragement to say what they want but also
guidance to avoid navel-gazing; observing and
empowering older people is an essential element
for effective user involvement; narratives or
dramatization may also be used to stimulate
discussions. Users should also have the possibility
to opt-out and this is not necessarily a failune; o
the contrary, it should be valued and analyzed, as
the opt-out can say more than an unfruitful
involvement.

Alongside a good relationship between
researchers and users, disseminating results
broadly through various appropriate channels and
engaging users in evaluation and peer review
processes are essential elements for efficient
innovation [10].

vl. CONCLUSIONS

User involvement is an important but complex
issue. First, older people are not a homogenous
group; researchers should aim to conduct research
designed to be inclusive and representative of
various user groups. Second, the methodology for
user involvement depends largely on the discipline
and the study design. Besides, undertaking
interdisciplinary research is a challenging fididtt
requires optimal cooperation among the different
stakeholders.

Older people should not only come to validate
the research question; their role should be
gradually enhanced: from subjects of research, to
active participants and further on to framers @f th
question and co-designers of research. Besides
guaranteeing user involvement at all stages, dthica
and legal concerns should also be tackled.
Indubitably, personal contact is essential when
working with older users as well as empowering
them to understand and use their own voice to
express needs and ask questions. The role of user



organizations is particularly important as well as
undertaking a plan that ensures sufficient time and
resources for user involvement. Last,
collaborations between the research and the user
community should be promoted, increasing in the
meantime the opportunities for dissemination of
the research outcomes.
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Abstract—Information and communication (ICT) developments are considered as important
technology (ICT) developments are targeted as contributors to reduce these multilevel burdeng Se
means to reduce the burdens associated with an €.9. [3].

ageing population. The project CONFIDENCE  The project Ubiquitous Care System to Support
aims at extending the independence of older |ndependent Living (CONFIDENCE), aims at
people beyond what would be possible without enabling older people to live in their preferred
technological support. The goal of this paper is to environment, i.e. their own home, as long as
present the ethical issues that appeared relevant possible with the support of ICT technologies and
at the concept development stage and during the services. In brief, the system will be able to itfgn
project. One ethical dimension is directly harmful situations, such as falls, and anomalous
associated with the technology and must support conditions such as reduced functional ability ia th
principles such as human rights, privacy, safety, Pperformance of activities of daily living (ADL).
and dignity. The other ethical dimension is the Wearable radio frequency (RF) sensors and
voluntary contribution of people as participants communication cha_mnels are the teghnologles t_hat
in research activities. Ethical review of research SUPPOrt these functions. A more detailed descrptio
plans and informed consent of the participants ©f the system is presented in [4].

must be observed in this domain. We conclude  The successful development of this system
that observing ethical principles since the cannot be conceived without the involvement of the
inception of concepts and during the users. This is, the older people and other relevant
development process can empower users to make stakeholders. This technology involves motor
informed decisions on the acceptance of ICT behaviour monitoring and the transmission of

systems and services once these becomdnformation to emergency services or other
available. designated people. This information can be

considered sensitive as it includes personal
Keywords —Ethics, informed consent, olderidentification and the condition of the person,.e.g

people, CONFIDENCE the person has fallen down. In these situatiorss, th
adherence to ethical principles is of utmost
I.  INTRODUCTION importance.

The population of the world is growing older and  Thjg haper reports the ethical issues that appeared
the dependency ratio is increasing in parallel [1}g|evant at different stages of this multidisciplip
This ~ demographic  phenomenon  ImpOS€$esearch and development activity. Figure 1
socioeconomic burdens on the older people, thedmmarises the most relevant ethical dimensions

caregivers, and the health and social care systemggqressed within the project and presents some
[2]. Information and communication technology
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examples of situations in which this or similar(AAL), ICT and ageing, elnclusion, and eHealth
systems could be misused.

TECHNOLOGY

DEVELOPMENT

Autonomy
Self-determination
Freedom
Beneficence

ETHICAL DIMENSIONS

OLDER PEOPLE
(end users)

PARTICIPATION

__ INRESEARCH

Ethics manual

Ethical review

Informed consent:
Voluntary
Benefits

could benefit from the results of this research.

Additionally, an adequate consideration of the
potential ethical issues that can emerge when @n IC
system or service is taken into use may contritute
improve user acceptance of the technologies and
services. Consequently, a business advantage for
such systems could be expected.

Privacy

Personal data Risks

Withdrawal 1'ig,ht ” OBJ ECTIVES
Incid 1 findi .
i The goals of this paper are:

processing
Dignity

CARE EXPERTS
(stakeholders)

| 1. To present the ethical issues that appeared
s relevant at the concept development stage, as
well as those which arise during the project

POSSIBLE SCENARIOS .J
OF MISUSE & PREVENTION

. To raise awareness of the potential scenarios
which the technology adopted to
implement the CONFIDENCE system might
be misused

\ Disclosure of sensitive information: / .
\ health or capacity / in
Use for non-intended purposes:

Insurance premiums, marketi ng
Creative uses

Prevention:
System design
Authentication
Communication encryption
USER INFORMATION

. METHODOLOGY

The methods used in this study at the concept
development stage were reviews of the literature on
ethics and research papers related to technolagly an
functions analogous to the CONFIDENCE system.
These included technologies such as radio frequency
identification (RFID), care systems, personal

One ethical aspect is directly associated with themergency response systems, and social alarm
technology under development and how this casystems. Data were also collected from voluntary
affect the potential users when it becomes avalabparticipants through semistructured interviews with
on the market. Issues such as human rights, safegjger people living independently and focus groups
privacy, integrity, and dignity are reported intsme ~ of care service experts. Similar research actwvitie
5.1. The other ethical aspect within the proje¢hes were carried out in Italy and Sweden. In this paper
voluntary contribution of people as researctonly the results obtained in Finland are reported.
participants. The main conditions to be satisfigd bTwenty three and 10 older people participated
researchers concerning the approval of resear¢@spectively in 2 needs and requirements elicitatio
plans by an ethics committee, as well as the issuesresearches. Semistructured individual interviews
consider in the informed consent obtained fronwere used to collect information from end users.
research participants are described in section 5.€are experts participated in focus groups also in 2
Older people and care experts opinions on theesearch occasions (respectively 10 and 5 experts)
respect of principles such as privacy, autonomywith similar requirement elicitation purposes. Both
integrity, and dignity of the end-users are prouide end users and experts provided their opinions en th
in section 5.3. Some scenarios in which this type compliance of the system with ethical principles in
technology could be misused are presented i#ddition to the questions directly addressing the
section 5.4. These aspects can be extremelgquirements for the system.
important also for other research and development
projects using the same or analogous technologies, V. SYSTEM DESCRIPTION
as well as for commercial applications. In partcyl The CONFIDENCE system prototype consists of
researchers in the areas of ambient assisted liviNgreless RF sensors/tags, a processing unit or base
station, and a portable device. The portable device

Figure 1: Ethical dimensions and aspects considared
the CONFIDENCE project including a sample of
potential scenarios of misuse and preventive gjiede
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serves as the interface between the user and tpeevented by a system which demonstrates sufficient
system. The software modules localise the tags wotransparency and operative robustness.

t Th ft dules localise the t t d t bust
by the user in the 3 dimensional space, reconstruct
the bodily position of the user, and interpretatioq:O
algo_rlthms d'SCF'm'“ate among normal, CMergenCyy otor activity acquired through (RF) tags and
and increased risk level situations. The usersible sensors. See e.g. [8]. Initially, the mechanism
to control whether the alarms are forwarded to a pleménted by .C;ONF.IDENCE, to comply with
alarr_n _receiver or not. The intelligence an ata processing regulations has been to assign the
predlctlve. cgpabllltl_es of the system representeson}ole of data controller to the user. This is, ttead
of the main innovations of CONFIDENCE. collected and processed by the system belongs to

V. RESULTS and is managed by the user.

A. Ethical aspects in the development of ICT Privacy is also respected because the system is
not intended to share or provide data to other

stems or services. A commercial product based on

human participants are well grounded. However, CONFIDENCE prototype, might well involve
u P P grou : ifferent service providers and interoperation with

when technological innovations are considered, su her care or health systems. The mechanisms to

%Sre(s:geNaFrIBEal\rlg% ;hgehggzt Rte trllseSlé)eeS irrl]r?irr? tgfsure respect of privacy in this context should be
the broiect. we L:egsone d that 'the S stemg ou r?t analysed and redesigned as the original settings
project, y 9 ould not suffice. Ethics and privacy issues in the

support_principles such as basic human right%ontext of Ambient Intelligence systems can also be
safety, privacy, integrity, and dignity [5]. It als fo,.md in [9]

became apparent that the European and nationa
regulations on personal data processing were The information is relevant for detecting falls and
relevant [6], [7]. other behaviours that may relate to health problems
Freedom is perhaps the most valuable of thand to summon help when there Is an emergency. It
€an be assumed that the principles of beneficence,

human rights achieved by human kind. They, ,,ce " and proportionality are satisfied by the
technology employed in this system shall respest t urrent state of development

freedom of choice of the user. The user will bezabl
to decide whether to use the system or not. This The user controls whether an alarm procedure is
might seem obvious. Naturally one has the right tinitiated or not, except when the person is not
switch on and off the TV for example. Neverthelessgapable of acknowledging this situation, for
in the future of interoperable health and care ICExample, when the person is unconscious. In the
products and services the freedom to use a certdafter case, the system initiates the alarm withioet
component of the system or not, e.g. a monitoringxplicit consent of the user at this particular
device which causes inconvenience to the usemoment. Information and training to the user before
might no be so clear. For example, the end user maglopting the system should guarantee that the
be responsible for handling appropriately a numbdnformed consent of the user for this situation has
of devices in order to obtain an adequate level dfeen declared in advance of these potential
care or health service. It can be assumed that thazardous events.

service received depended on the concurrent pipicq| aspects in the research with humans

operation of e.g. 2 devices but the end user seitch e .
off one of these. In this context, the service jifer Many scientific disciplines employ human beings

could be exempted from responsibility in the case &S  Subjects of research. The pioneering field in
failing to handle an emergency occurring to the en§nich ethical guidelines appeared to safeguard the
user. We could imagine that the device the end usE@nts of the human participants in research was
switched off, jeopardising his or her safety, wees t medicine [10]. Other disciplines such as the social

only one providing user access key to the servic@Nd behavioural sciences, and engineering have
Undoubtedly, this hypothetical case should b ollowgd [11], '[12]. These have also provided thglr
associates with codes of conduct and ethical

The system collects and processes information
ncerning the users, i.e. 3D bodily posture and

Most of the ethical issues related to research wi
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guidelines to ensure that research with humaassured. Their identity will not be disclosed in
subjects does not use the right to freedom dcientific or other publications, or to third padi
research beyond the rights of the participatinghe participants were also reminded of their rights
humans. Freedom, respect for life, justiceconcerning the processing of personal data.
beneficence, and privacy are the most salient human

rights contemplated in ethical guides. Another section of the information sheet

considered the possibility of obtaining incidental
The project consortium is multidisciplinary andfindings. These are considered those researchsesul
brings together several social and culturalvhich occasionally arise unexpectedly in the course
backgrounds. The countries represented in thsf a research and are unrelated to its original
research team are, in alphabetical order, Finlangurpose. These may have significance for the health
France, Germany, Italy, Slovenia, Spain, anar well-being of the research subject. Often,
Sweden. At the beginning of the project, an ethicahcidental findings are associated to biomedical
manual was elaborated [13]. This serves as thresearch but can appear in other fields as well.
common ethical reference upon which the differentherefore, the participants were asked how they
disciplines and cultures can rely upon in order tavould like the researchers to handle the incidental
deal with the ethical issues that may arise duttireg findings if these would occur. The participants ever
R&D process. Several research activities withirasked whether they wanted to be informed or not.
CONFIDENCE required the participation of olderFinally, information and contact details were
people, health and social care experts, and famisupplied about the persons they could contact
members, or others providing care to older people. concerning the research, i.e. the principal
Following a pragmatic approach, two of theinvestigator, and the ethical committee which had

partners carrying out research with humar‘?‘pproved It

participants have established internal ethical One issue raised by these ethical reviews has
committees for this project within their been the comprehensibility of the information
organizations. We, the authors of this paper, tlireprovided to the participants describing the redearc
ethical enquiries to the institutional ethicalTherefore, we modified this information to ensure
committee of the university. Ethical approval forthat the participants understood unequivocally the
two needs and requirements elicitation studies hgmirpose of the research and their role. Further
been obtained from the respective ethical committeesearch such as usability studies with prototyges
of each research site. CONFIDENCE will follow similar ethical review
theprocedures to safeguard the rights of the

During the information consent process, e
gartlupants.

information sheet and the informed consent wer
offered to the participants. A requisite for The researchers invested efforts into describing
participation in the research was to read andiigte the CONFIDENCE system in such a way that the
the information provided by the researcher, confirnessence of its components and operation was
that the information had been understood, and signaintained while the participants comprehended this
the informed consent form. The information sheetechnology. For example, the technical referenges t

indicated that their participation was voluntarydan communication protocol standards were obviated in
invited them to read the explanation of the studieorder to reduce the complexity of the information.

This also stated the purpose of the research, tfdis is, the older people and experts understoed th

procedures involved, the potential benefits, riskgrinciples involved in the RF communications used

discomforts, and precautions of the researchsti al for the localisation of tags in space. Adding

described the alternative procedures available teferences to the particular standard protocols
them. In our case, it was indicated that no alterea employed by the system would only cause

treatments were available, as these studies did natnecessary distraction of their attention in the
involve treatment to the participants. The right taesearch situations.

withdraw from the study at any time without

consequences was also stressed. Confidentiality and

anonymity of the information they provided was
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C. Ethical concerns of the research participants  the users in terms of privacy, autonomy, integrity,

In the beginning of the project, 23 older peoplénd dignity.
participated in individual semistructured intervéw p Possible scenarios of misuse

aimed at collecting information about their needs s . _
: ) Within the consortium, we attempt to maximize
and requirements for the design of COI\IFIDEI\ICEthe ethical compliance of the results of this ICT

When the end users were asked for the first timg ~.
. ) . oject. Therefore, we research, explore, and sigge
about integrity, 18 of the 23 end users consider tions to prevent possible scenarios of misuse of

']Ehﬁlt the syste;n Cotl#d vuﬁlate tth?'r énttﬁg.rlty. In %his technology. In the following paragraphs a non
oliow:up question, they characterized their anSwely, 5 istive set of potential cases where this or
about integrity as an abstract concept. Som

manifested that the relevance of the system to th%mllar technologies could be misused are presented

end user may justify the use of this technology. One case, as pointed out by end users, concerns
Quoted from two end users, they thought that thtéhe disclosure of information concerning the ADL of
“system does not violate privacy, if the informatio the users. For example, family caregivers might
collected is confidential” and “if obtaining help obtain information from the care system about how
relies on the technology, it doesn’t violate intggr  the older person is doing by default or by settimg
However, they also thought that constant monitorinfgature on the system, e.g. how long time the isser
could violate their privacy. staying at home or how long time this person is
oing out. Under normal circumstances the users
ight tell these caregivers about their whereabouts
%?/ own initiative. However, in some other
C&rcumstances the user might want to keep this
information private. In the latter case the usesimu
Semistructured interviews with end users at &de able to easily, i.e. not requiring advanced
later stage of the project involved 10 participantsknowledge of the operation of the system, switch on
Eight participants thought that the system woultl naand off the capability of the system to share this
violate their privacy or integrity. However, 8 information with another person. Yet still in some
participants preferred hidden sensors and tags. Oother circumstances doing so might represent a
interpretation is that unnoticeable devices wouldhazard for the user. Imagine a user with limited
help them to maintain their dignity. For examplecognitive ability that becomes disoriented when
visible signs of care technology on them, i.e. RFeaving the household and is incapable of returning
tags, could denote physical or psychologicaback without assistance. Some ethical dilemmas can
weakness in front of other people. If these devicemsmerge even though attention had been paid to these
could not be perceived or interpreted by others assues in the design and development process of a
care technology the self-esteem of the user woulgiven care system. By design, such a system could
not be affected. support the rights of self-determination, autonomy,
The participants had doubts about who coul nd privacy of the user in some circumstances. On
access the information and if it could be possible e contrary, under subtly. dlﬁergnt circumstances
misuse it. One participant pointed out that |ega§o_me or all of these user rlghts_, including freedom
aspects should be considered carefully ang!ghtnotbe guaranteed. The rights of the end user
formulated “who is allowed to investigate themlght have_been handed over to a legal custodian or
location of the user?” representative. This coul_d be t_he case _when the
rights of the person are in conflict with his o he
Additionally, we asked the participants to providepersonal safety. Further elaborations on the use of
their opinions about the ethical issues that coul®F identification and its implications on privaayca
arise from using CONFIDENCE. Care experts, whdreedom can be found for example in [14].
participated in focus groups and end users reported . . :
that the system, as presented to them during theseAnOth.er scenario that we have considered is the
research activities, seemed to respect the rights goc_Of information collected by the system for
purposes for which it was not intended. A case can
be considered where a health insurance company has

The participants had positive attitudes toward
using tags at home. Twenty respondents would u
tags. Similarly, 19 of 23 would accept the presen
of tags in clothes.
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provided a system such as CONFIDENCE to theegulations from the outset. The partners in the
older person. The purpose of the system as inform@dnsortium are aware of the ethical issues that may
by the insurance company would be to allow theppear as a result of the technologies employed in
person to obtain help when is needed whether thhis R&D activity, and as the users interact whhb t
user is able to summon help or not. The insuranagstem. Ethical committees review and provide
company also has information about the functionadpinions on the research plans involving human
ability of the person and by means of thisparticipants. Their opinions have been used to
information decides to adjust the coverage or thimmprove the comprehensibility of the information
premium of the insurance policy. There should ngpresented to the participants. They cannot male fre
be any argument against this practice if thesdecisions when the research situation is not
conditions are crystal clear to the user when theompletely understood. These have also reassured
insurance agreement is made. In othethat the research procedures would not jeopardise
circumstances, the ethicality or the legal validify the rights of the participants or harm them.
this practice would probably not be supported. ByAccording to the opinions of research participants,
own experience, the terms and conditions opersonal data processing, privacy, and dignityato n
insurance policies are, in general, complex andeem to be at stake within the development of the
difficult to understand for the vast majority ofeth project.

non-professional customers. Therefore, in general

clear and understandable terms and conditionseoft(% The system, as a possible commercial product,

hall implement each of the available mechanisms to
rotect the privacy, dignity, and safety of theeold
Profiling the user by means of the informationpeople. Misuse of the system shall be prevented
gathered by the system for purposes such dlrough design and information to the users
advertising or selling products or services must bsgpecifying how they can contribute to maintain thei
prevented. This case also falls within the realm gbrivacy and safety. As a corollary, assistive ICT
using the system for unintended purposes. Aimed at supporting older people’s independence
hypothetical situation could materialise with relat shall include privacy enabling mechanisms such as
ease if we consider the business of proximityaccess keys and data encryption as minimum
marketing enabled for example through Bluetootlspecifications.
connectivity. Self-determination, autonomy, dignity
and freedom could be at stake if the users are ng}

insurance providing the system must be guarantee

The contribution of voluntary participants to this
oject is an invaluable resource towards the
evelopment of ethically compliant technologies
uch as CONFIDENCE to assist older people in the
aintenance of their independent living.

informed and have not consented unequivocally t
receive this form of advertising. There are
similarities with the phenomenon of spam e-mai
messages that we experience so often or the
unsolicited telephone calls and direct mail marigeti ~ We trust that our dedication to ethical issues

that was more prevalent a few years ago. during the project will transfer to ethically congpit
nd acceptable commercial applications for the

There will be situations beyonq the capacity oﬁenefit of older people. Products and servicesdbat
the technology to prevent misuse if the users ate Mot comply with ethical principles, such as thesne

aware of the risks involved and the protectiv - L
actions that they can perform. Furthermore, thasuseedescnbed in this paper may render ICT products and

will likely find new uses for which the system was>crV/CeS _unacceptable for - potential ~users or
not conc}:/eived To prevent situations Iik)e/ these thcustomers. The reverse could significantly

- prever .’ ~contribute to the success of the product in theketar
only precaution possible is to ensure that the isser

roperly informed about the functions of the Svste if other necessary requirements are also satisfied,
properly . y n%.g. utility, usability, acceptability, and affotalbty
and the possible hazards.

to name a few. This is also applicable to AAL,
Vl. CONCLUSIONS eHealth, and other ICT systems which may impact

The CONFIDENCE project continuously on the freedom, privacy, and dignity of the person.
considers ethical issues and data processing
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We would thus recommend to take an ethicdP!
standpoint from the start of any ICT concept
formation, e.g. AAL or eHealth, systematically. Thegs
potential end-users, and other stakeholders, e.g.
formal and informal caregivers, health professisnal
service providers, should be consulted. The
information collected should then be translated int
the technical specifications and implementations.
Development cycles representing changes in the
original plans should be accompanied by a revisiog,
of the ethical issues through the consultationseirsi
and  stakeholders.  Additionally, providing
comprehensible and sufficient information to the”
users will be the only means to allow or empower
them to make informed decisions. Finally, thigl0l
process will support their dignity, privacy, and
freedom also when they consider acquiring AAL,
eHealth, or other systems and services to suppdtt!
their independence and participation in society. In
our opinion, this could make a difference betweenz
successful and unsuccessful commercial systems.
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Abstract—The end-users targeted in the
CONFIDENCE project are people at the age of
65 years and older, living in their own home,
with no difficulties in their activities of daily
living but with fear of falling, and therefore at a
risk of isolation. The targeted end-user is a
versatile and multifaceted group, ranging from
elderly with an active lifestyle participating in
numerous activities at a weekly basis, to elderly
isolated from social interaction and physical
activities. Experiences of technological solutions,
health status as well as life style in general déf
among the individuals in the group. A user-
centric approach is important when developing a
product not only when it comes to being
appealing to the targeted user. But also as a way
of creating understanding and curiosity among
the end-users and to empower the future users in
engaging in the technical development that will
be a vital part of their own life. This paper will
present different methods and considerations
used within the CONFIDENCE project in order
to gather requirements and ideas from the target
group of the project.

Keywords-component; User-centric approach

organization, paid for by taxpayers, Umea
municipality is able to involve people among the
target group using existing networks and structures
inside the organization. The role as caregiver also
situates the relationship between the project bed t
end-user in a different way than as, for example a
university, making every contact between the ptojec
and the end-user representative sensitive for srror
and misunderstandings.

In the planning of how to involve end-users, the
Umea Municipality has taken inspiration in the work
of Luled University of Technology and the
municipalities of Luled and Boden as these entities
have been working successfully with the elderly
population for years. The doctoral thesis writtgn b
Anita Melander Wikman has provided new ways of
thinking when involving targeted users as wellhas t
understanding that Information and Communication
Technologies (ICT) can be used as a tool for ageing
well if the methods used is empowering of elderly
people [1].

Il.  WHY USE A USERCENTRIC APPROACK

The need for a user-centric approach has been
more and more appreciated by the European Union
when funding research projects as well as
'researchers and developers trying to develop

end-user, methods, empowerment, participationyroducts for the market. There are two different

development

l. INTRODUCTION

aspect describing why the future user should always
be in focus when developing and designing
technological products. One aspect is the users the

The development of the CONFIDENCE gg|yes, the other aspect is the finished product.

prototype is a user-centred process. Throughosit t
process Umed& Municipality has established

hi
A. User-centric approach for the sake of the future

platform for discussing and developing technical Product
solutions in co-operation with representatives agnon The development of ICT designed to fit into the

the elderly population in Umea. As a care givin

dife of a future user has to capture the life and
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expectancies of the targeted user. No ones arer betproject group. When feeling confident in the praces
suited to answer to the requirements needed inthe participants are able to share more of theiasd
proposed system than the targeted user them selvasd questions.

A product that does not live up to the standards s L

by the thought of user or buyer is not likely tovbda B. Create knowledge and curiosity _
development should be very intoned with the targdP give usable feedback on the CONFIDENCE
group, respecting the ideas and consideratiorfystem they have to have some knowledge about
brought up by the end-users at an early stage | T and technical solutlon_s QeS|gned to be planed i
order for the final product to be as close to th&@ home of a user. Descriptions of the system and
targeted end-user as poss|b|e S|mp|e mistakes C&{er'ences to similar solutions have been key B0|nt
be corrected at an early stage if end-users al this work to enable the end-users to comprehend

involved from the beginning of the process. the information given Dby the project during
_ interviews and tests.
B. User-centric approach for the sake of the future
end-user When the end-users start to understand the

technology behind the system they become more

The other aspect is the user. Wlthqu_t giving th?nvolved in finding solutions and alternatives that
targeted end-user a chance to participate in th

i’ ‘ 4 ICT solution th Would suite their life situation. This also genesat
Crealivé process of a propose solution th€ USE, jqsity for knowing more about technical soluon
can feel alienated from a final product. The eneFrus

: . and what can be done to ease different situations i
may feel insecure and afraid of the product and ﬂ‘tﬂe life of elderly.
e

system may not work as fluidly as it could hav _
given that end-users had the opportunity to infigen C. Handling fear of technology

the development of the system. One important aspect of technology is the sense

ICT can be a tool of empowering for eIderIyOf insecu_rity it can arise. For some_elderly it Ic_bu
people, giving elderly people the opportunity tade P& explained by the lack of experience of highly
an active life at a higher age or ease the burden chnological solutions. For others the insecwaity
activities of daily living. With a user-centric father be explained by the fact that technology in
approach the whole process of developing a systefiferent ways do not live up to the expectationd a
can be empowering, letting the elderly engage witfequirements of the user when it comes fto
the technology and learn about research projects afinctionality, security and integrity.

product development. An additional important aspect is the fact that a
technological solution designed to support a user i
different ways also concerns the potential user
A. Create confidence and understanding emotionally. A part of the natural ageing is that

To establish a link of communication early on inSome abilities taken for granted deteriorate omeve
the project Umed municipality informed thevanish. These effects of ageing can be hard to
municipal pensioners committee, a committe€Omprehend, to be comfortable with and to accept.
gathering the local pensioners’ organizations angh€ introduction of aiding technology can be
politicians from the city council, at the applicati €xperienced as a provocation or diminishing of the
stage of the CONFIDENCE project. This contacP€rson’s abilities.

was important in order for the project to be known ith these aspects in mind the introduction of the
among the organisations representing elderly peoplgchnology in terms that the target group can eelat
at a local level. But also in order to involve thetg is of up most importance, along side with a user
target group early on in the process. centric approach that allow the end-users to espres

One key point for the project has been to let thE€ir fears. In respect of these expressions thedJm
end-users get as involved in the process of tHy0ject management has drawn attention to these
project as possible and that they feel confideat th@Spects in the national reports capturing the tesul
their participation will be communicated to the

.  AQUIRE KNOWLEDGE ABOUT ICT
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from the individual interviews and the focus groupnterviewees to a neutral place at the premisdkeof
interviews [2, 3]. municipality. Some interviews were done in the
home of the interviewee. The interviews took from
V. PLACES TO MEET one hour to over two hours, giving the interviewee

How the meeting between end-users and projetime to answer each question thoroughly. One
workers is situated is a key question when it coméamportant task for the persons managing the
to create a situation where the informant is notipu interviews was to listen and to ask for further
a weak position. To avoid this the projectexplanation when needed. Many of the meetings
management in Umea used different arenas whebetween the project and the elderly volunteers
representatives from the end-users can be founduring the interviews can be characterized as
Different methods for interviews were also used irheartfelt and honest, surfacing private matters as
order to gather as much feedback as possible well as useful feedback on the CONFIDENCE
environments that promote cooperation andystem.

curiosity. The results from the individual interviews were

A. Established arenas for elderly given back to the participants via a report in the

One important link of communication betweennative language as well as the English deliverable.
the municipality and the local pensionersc |nterviews in groups
organizations is the municipal pensioners

committee. The committee hoIds four meetings %artners once more gathered feedback from the end-
year and has an advisory function in relation ® th

city council. The project has visited the localUSers: This time the system had developed and could

[ i : resented to the end-users. A common method
pensioners committee at least once a year since tﬁ) presented

- , , athering feedback from a targeted group is
beginning of the project. The project has the 9 . . 2 .
updated the committee on the development of tﬁgcus group interviews. Umea had three groups with

roject and asked for opinions and suggestions 6 persons in each group. The advantage using
proj P 99 " focus groups is that the participants can bounce

Another forum for elderly people in Umea is theideas off from each other taking the discussionimuc
“Seniorvimmel” event hosted in the city hall by thefurther in a shorter period of time. This methosbal
local pensioners committee and the department aflows the interviewees to learn about ICT by
social welfare services. The event attracts hursdrediscussion not only with the project management but
of elderly with exhibitions, seminars andalso among each other.

information targeted at the senior population in : :
Ume&. During the first event in November 2008 The results from the focus group interviews are

CONEIDENCE had an_ exhibition stand with assembled in D1.3, which also were spread among

information about the project and the system. IZnginthe participants.

the day many elderly visited the stand and asked V. CONTINUOUS DIALOGUE
guestions. Some people also took the opportunity to
make suggestions for the system.

One year after the first interviews the end-user

A key to keep up the interest among the end-users

and to be able to get fast feedback from eldertp is

B. Individual interviews always have open channels between the end-users
During the first part of the project the end-use@Nd the project. This has been done in differeryswa

partners gathered end-user requirements for thgUmea.

development of the SyStem USing indiVidualA_ Newsletter and project web site

interviews as the method. The interviews were The project has a Swedish newsletter that informs

strutcture(il V¥'t|r|' a comtm(_)n przomlfr?l {0; all er(‘jde;tus%nd-users and local stakeholders about the current
partners to foflow capturing health status andaocl iy s of the project. The newsletter is sent bif ma

activity alongside with requirements for technologyto the elderly who have signed up for it and by e-

situated in the user's private life. mail to among politicians and stakeholders in Umea.
In order for the interviewee to feel comfortableThe newsletter is not only a way to inform abowt th
the project management in Umed invited theroject but also a way to make sure that people
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interested in the project get proper contact ACKNOWLEDGMENT

information to get in touch with the project \ye would like to thank all end-users that have
management in Umea. participated in the CONFIDENCE project in Umea
Another way to have a continuous link of up toso far. The engagement and the curiosity among the
date information is the Swedish CONFIDENCE wekend-users is the inspiration and the engine of the
site managed by the project at the Ume&med project management of CONFIDENCE.
municipality domain. The site contains newsletters,
the Swedish national reports in Swedish and English
as well as links to the international CONFIDENCE _ . .
web site and the project partners. During the firdtl A. Melander Wikman, Ageing well. Mobile ICT as aoto

: . for empowerment of elderly people in home healtreca
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of keeping contact with interested end-user
representatives has been the accessibility of the
project management in Umea via phone and e-mail.
End-users have had the opportunity to contact the
project at any stage of the project giving direct
feedback or just get information about the project.

The continuous feedback to the end-users has
also been a way to spread information and
knowledge about ICT for assisted living to the
population of elderly.

VI. LESSONS LERNT

The importance of involving the target group at
an early stage and to invite them onboard the
journey of developing a technical solution designed
to fit into their every day life has become clear
throughout the project. This generates understgndin
of the proposed system and of the developing
process. It is also appreciated by the end-usdos to
able to contribute to a possible future even though
they may never be able to use the solution by
themselves.

Research driven development must respect the
targeted end-user and the needs recognized by
representatives among the group. It is also importa
to remember that a target group is a group composed
by many different people with different needs and
understandings of technology and expectations on
life and aiding solutions.

Knowledge and the possibility to give direct
feedback to the developers creates engaged and
creative meetings with the targeted end-user
resulting in unexpected ideas and useful infornmatio
for the technical partners to start off from.
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Abstract—This paper aims at discovering what that their independent and autonomous living is
the end-users of the CONFIDENCE system supported by this development. We report the
might need from ICT system so that their approach and results of a series of structured
independent and autonomous living is supported individual interviews with older people.

by this development. We report the approach
and results of a series of structured individual
interviews with older people. We also present
demographics of Finnish older people.

. METHODOLOGY

The services of the National Research and
Development Center for Welfare and Health
(STAKES) have been used to collect demographic

Keywords-older people, needs, CONFIDENCE Statistics about the Finnish population, population

according to age groups and sex, and statistiastabo
I. INTRODUCTION demographical data in the city of Jyvaskyla and the

Although the use of information and rural municipality of Jyvaskyla. In particular, toe
communications technologies (ICT) is spreadingne€ SOTKAnet database has been used to collect
rapidly, only a minority of older people are active Most of these data. This database can be accessed

engaged in their uptake. This implies that most ohrough http://www.stakes fi.
the existing Internet-based or online services migh Also, the information services of the Finnish

not be accessible for older people and hence thgyenter for Statistics, i.e., Statictics Finland basn
cannot be considered very age-friendly technologiegsed to access information related to the use ®f IC

The CONFIDENCE project has adopted a usethy Finnish users. This information can be accessed
centered approach to address the research afflough http://www.stat.fi.

development of a Ubiquitous Care System to . : :
Support Independent Living in an attempt to close 1h€ end-users questionnaire mainly focused on
the gap between users and technology. Therefor'it:‘,e" needs. As there was not direct background

the first step in this approach has been to obtaff’owledge available about systems comparable to
information from end-users about their personal'® kind of support system that CONFIDENCE wiill

needs in daily living conditions. Other health and?®: the aim of this approach was to gather thestide

social service providers have also been included fitnge of information possible. With this informatjo
this process to add other viewpoints of howVe €xpect that the technical requirements extracted

CONFIDENCE could contribute to facilitate the fom it will cover most of the end-users needs.
independent living of older people in the European Each of the end-users was living at home. Three
Union. The information obtained about end-usergenters were chosen to recruit participants, people

needs throughout this process is thus used toederivisiting the Central Hospital of Central Finlanc21-
the technical requirements of CONFIDENCE. times per week for a limited time period or

This paper aims at discovering what the end-usefontinually, from the Center for Care and

of the CONFIDENCE system might need from it sgrehabilitation for War Veterans people visiting the
center 1-2 times per week, and from the Lutakko day
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center, persons visiting the center; e.g. havinglmeBefore initiating the interview, the participantsad
there or visiting or to enjoy social interactioev®n and signed the informed consent form as the
people participated in the en-users individuaCONFIDENCE project has established in its ethical
interviews. A researcher called to the three centeprocedures for the research tasks involving human
mentioned and asked if they had customers whsubjects. The interviews lasted approximately 1 h.
could be interviewed. The nurses in these centefhe information provided about the project as well
chose those who would be suitable in their opinioas the questionnaire and the interview were
and asked the participants if they were interested presented in the Finnish language to ensure tleat th
participating in this research. After that, theYlezh participants understood the questions.

the researcher to provide their telephone number an

other contact data. Later on the researcher made!!ll POPULATION AND SOCIAL AND HEALT CARE
individual appointments with them. SERVICES

At the end of 2007, Finland had a population of

the participants because they chose this environmeh 300 48?’ 1g|)r(1)/habf|t?r?ts. W?Ten O\éer 65 yeagsé
voluntarily when asked where the interview could €PrESEN 00 eo population and men over
take place. At the interviewing meeting theyears account for 14%. Table 1 shows that women

researcher introduced herself to the participant arlV€ 10Nger than men, in the region of Jyvaskyld an
started by creating a good rapport (positivén the vyholg country. 'I:he f'gwes also Sh(?W thgt th
atmosphere) for the interview. Then, the research@ pulation in Jyvaskyla and its rural municipalgy

provided information about the project as describepdNtly younger than in the rest of country. A
in the information sheet. The participants reag thi ypical phenomenon related to older people’s change

information. When a person asked for clarificationOf residence is that they frequently move fromrthei

or additional information, the researcher answéoed currenﬁ'lpélace of trﬁs'deln(i? to allnotl_her place where
these and made sure that it had been understoéla?'rc lidren or other relatives also live.

The interviews were carried out in the home o

TABLE I. Population in Jyvaskyla, i.e., JKL, therallmunicipality of Jyvaskyla, i.e., Rural JKL, aimd
Finland according to age group, sex, and generpllpton in 2006 and 2007. Figures for age groups
represent percentages; the rows indicating populaiie absolute values.

2006 2007

Age group Sex JKL Rural JKL JKL JKL Rural JKL Finkh

65 and over male 10.8 10.7 13.6 10.9 10.7 13.7
65 and over female 16.5 13.4 19.2 16.6 135 19.2
65-74 male 6.6 7.2 8.2 6.6 7 8.2
65-74 female 7.9 7.4 9.4 7.8 7.3 9.2
75-84 male 3.4 3.1 4.5 3.5 3.1 4.6
75-84 female 6.3 4.6 7.2 6.4 4.7 7.2
85 and over male 0.8 0.5 0.9 0.8 0.6 0.9
85 and over female 2.3 1.4 2.6 2.4 15 2.7
Population male 40338 17733 2583742 40812 18052 2596787

Population female 44401 17719 2693213 44590 18048 2703697
Total

population 84739 35452 5276955 85402 36100 5300484

In Finland, like in most countries in Europe, themight choose to continue in active working life for
Social Insurance Institution of Finland (Kela)longer than 65. This later option has some
manages the provision of pensions for retire@conomical incentives concerning the amount of
people. The legal age for retirement is 65, howevepension reimbursement the person will receive after
people might be entitled to retire earlier or theyetirement. In 2006 Kela spent 1724 million Eunos i
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old age pensions paid to 477900 beneficiaries over Different municipalities age at different rates.
65 years. Also in 2006, Kela dedicated 217 milliomAreas like Helsinki have a relatively young
Euros to housing allowances for pensioners. In 20Q&opulation. At the end of 2006, people over 75
the average total pension of persons resident sccounted for 8% of the total population in the
Finland who received a pension was1194 Euros pepuntry. At the municipal level, the lowest shares
month, 1362 Euros for men and 1063 Euros fowere only two to three per cent of the total
women. The average total pension of old-agenunicipal population, while there were also
pension recipients was 1246 Euros per month [1]. municipalities where 20% of the inhabitants were

The organisation and provision of social serviceglggd|e7‘r(’)|d""2fI tﬁ;ﬁ“%” ZZ?SUt ;\éve;tgh;nw:ng‘lﬁlelnfosth |
is managed by the municipalities. In general, thB€OP y ’

users pay these services. If their income is ndioPulation, are already at the level that the nafio
sufficient to cover these costs some reductions Vegigelé'sthgrrgd;f% tr(c)asirde:r::t?allrkl\orznoeio fo[r2]6lo||2r
full reimbursement by the social services or Kel yvasky . , 2O

can be applied for. The welfare principle is thaP€CPI€ Provided by non-profit organizations or

nobody will be left unattended irrespectively oéith usiness enterprises. In the .rural_ municipality of
income. Jyvaskyla there are 2 such residential houses.

As derived from the SOTKAnet database in Most people in Finland leave at home until the
Finland, a new National Framework for High-23€ Of 85 and later. In Table 2 the condition in
Quality Care and Services for Older People waﬁh's.h. p(le_(t)ple fl'v\']ng..'rl'( i]_yvaskylam?nnolr_ thg r%al
issued by the Ministry of Social Affairs and HealthUnicipality o Jyvaskyla IS summarized. The
and the Association of Finnish Local and RegionafJures in this table indicate that the situatidrtie
Authorities in February 2008. This framework°|der 'peo.ple in Finland is rather similar to other
specifies that the national target by 2012 is taimt countries in Europe.
the following levels for people over 75 years: The types of residence in which the older people

* 91-92% live at home independently or;;g"écves. region of Jyvaskyld live are defined as

with the support of appropriate social and
health services granted on the basis of a * Home care: Services provided at home based
comprehensive service needs assessment on a care plan, or receive home-help

. 13-14% receive regular home care regularly, home-nursing or day hospital.

* Housing services with part-time assistan&e:
type of sheltered housing in which the client
» 5-6%receive sheltered housing with 24- is offered not only accommodation but also
hour assistance other services related to every-day living at
least once a week while staff is not available
in the unit at night-time.

» 5-6%receive support for informal care

* 3% receive long-term institutional care in
a residential home or health-centre
hospital. » Sheltered housing with 24 hour assistance:

sheltered housing for older people in which

At the end of 2006, people over 75 years living at the staff is available 24 hours.

home accounted for 90% of all people over 75 years
at the national level excluding those who receive

Residential homes:refers to public and

hospital or institutional care or housing servigdth private residential homes for older people and
24-hour assistance. Of all people over 75, those in other similar units providing 24-hour care for
regular home care accounted for 12% in 2005. older people.

Those people receiving support for informal care fo
4%, those Iin sheltered housing with 24-hour
assistance for 4%, and those in long-term
institutional care for 7%.

Institutional care and housing services with
24-hour assistance: 24 hour care provided by
hospitals, health centres, or sheltered houses
with 24 hour assistance. Require the approval
of the Social Insurance Institution of Finland.
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TABLE II. People living at home, in residential hes) or receiving institutional care as percentdgbe
total population of the same age, in Jyvaskyla (J&hd in the rural municipality of Jyvaskyla (RudéL)
distinguishing male and female groups in 2006. [2].

2006
JKL JKL Rural JKL Rural JKL

Type of residence male female male female
Living at home among those aged 75 and over 90.988.4 93.9 89.2
Living at home among those aged 75-84 93.993.3 94.9 92.9
Living at home among those aged 85 and over 77.875.1 87.9 77.3
Residential homes for older people, clients aged 65
and over 1.7 2.4
Long-term institutional care in residential homes o
health centres, clients aged 75 and over 43 6 4.2 6.8
Health centres, long-term clients aged 65 and over 0.6 1.1 1.7 3.4

The end-users interviewed in Jyvaskyla all livedeU countries. Also, older people in Finland have a
at home. The size of their homes ranged from %0 ngreat interest in health information services based
to 129 mi. The number of rooms in their house alsdhe Internet. However, many Internet applications
had a wide range from 1 room and kitchen to 5 anare still not very well known among older people.
kitchen. In Finland the number of rooms in a hous€&or this population group, it can also be diffictat
includes the living room, while in other countriee = comprehend the benefits that the Internet can.offer

Similar o the bedrooms. Most o them ived dlose t . ADOUL 40 % of Finnish older peaple are compuer
: users with professional or advanced skills or use

i(ﬁfr(])er:n ;?r:;?’e mlerrr:tb E;S egrezt':gdﬁ.’h:ncésgiﬁﬁfogeﬁomputers at least once a week. Those beginning to
9 P ' P Y Olise computers at an old age do so less often and

having people available who can help Wherf’1ave lower skill levels. Those who are

gre?glr?nr?nsantznsﬁor IS egr?eba?algin Onzbléhe 0 mﬂiloe'iechnologically oriented and do not use computers,
) . Peop 9 are keen on learning and willing to improve their
independently until an old age.

computing skills [3].

IV ICT AND INTERNET The results of the SeniorWatch project show that
The EU ICT project SeniorWatch (2000-2002)about one fifth of older people in Finland and one
researched on the market potential of ICT producthird in Europe do not use computers and are not
and services for ageing populations in Europe, i.einterested in learning computer skills. Those peopl
people over 50 years. This study revealed that tlare heavily at risk of being left behind in access
use of ICT by Finnish older people is more commotCT based and digital services that are rapidly
than for older people on the average in the EWecoming common in Europe. In particular, older
About 60 % of older Finnish people have used geople from disadvantaged social groups are more
computer and 35 % Internet in their lifetime. Theylikely to suffer the effects of the digital divide.
also lead the European ranking in possession of |, Europe 8 % of older people are likely to
mobile phones as well as in utilisation of shoxt te purchase a computer and 10 % a mobile phone
messaging (SMS). during the next two years. These figures include
According to [3], older people use mobile phonesnly those who plan to purchase new equipment.
primarily for security reasons. They use Interrgt f Moreover 10 % is likely to start using the Internet
e-mailing, searching information on products and3].
services and for educational purposes. Older Hinnis
use e-banking services more frequently than inrothe
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These figures show that ICT market for older The results obtained through interviews with end-
people has a real potential for growth. Howevenisers in Finland are in line with these data. Eiite
many new older customers will have usewout of 23 end-users indicated that they do not have
requirements that need attention by ICT product angroblems operating a PC. The same proportion was
service developers and designers. Restricted yabilibbtained for the question about problems using the
to see, to hear or to manipulate computer equipmelntternet. These results demonstrate a greater
with hands are common conditions among th@roportion of people being able to use ICT among
European older population. the interviewed people than those in the

About a half of the respondents in theSeniorWatch project. This might be due to nearly

SeniorWatch study consider that in design of |C.{eight years _difference in the acquisition of théada
products and services their interests are not takéh both studies. However the trends are comparably

into account in an adequate manner. Most of thgosSitive. Older people are interested in use ICT.
older people also feel that new technologies arlezm?nOfggr%sig?gkﬂ%nOt use ICT are interested in
always directed towards young people [3]. 9 P '

Accessibility of ICT based devices and services wil V. END-USERS OPINIONS AND VIEWPOINTS

be a key element in making the information society

one in which the design-for-all principle reallyA General background

operates. Individual structured interviews were carried out

with 23 people from the city of Jyvaskyla. Two

The information provided above originates from . : : .
. : ._experience interviewers presented the participants
[3] report of the EU ICT project SeniorWatch. ThISWith the questions. Their age ranged form 48 to 92

and other reports from this project can b : ,
downloaded from: http://www.seniorwatch.de. %/ears. They alllived at their own homes.

Table 3 shows that in the general population the Living conditions a'm'd social life ) .
percentage of households in which a personal Twelve of the participants cohabited with another
computer is available have grown 12 % since 200Bartner and 11 lived alone. Most of them lived elos
until 2006. Internet connections have grown 19 % if0 family members or friends and are satisfied with
the same period. Broad band Internet connectiorigeir social life. Only 9 out of the 23 intervieveee
have increased faster probab|y because thegérUClpated aCtlver in social activities. Thisué

services have become cheaper only in the past fjobably indicates that the participants answered
years. strictly according to a very restricted meaning of

) ) social activities. Their participation in group
Table 3. Presence of information technologyyymnastics, and tai-chi group exercise, indicdias t
equipment in households as percentage Qher social encounters happen more often than

households in Finland from 2003 to 2006. [2]. indicated by their categorical (yes/no) answers.
Device 2003 2004 2005 2006  The majority of the participants practice regularly
Home PC 59 63 66 71 some form of physical exercise. The most
Portable PC 12 16 21 29  commonly mentioned physical activities were:
Printer 46 48 51 53 group gymnastics, walking, nordic walking, work
Recording : . 43 51 out at gym, home gymnastics, gardening, snow
CD/DVD drive shovelling, wood chopping, and cycling. Physical
Internet 45 49 57 64 activities are slightly more frequent during summer
connection than during winter time.

Broadband 16 26 42 55 Other social activities included the participation
Internet in senior clubs, in clubs of the church and other,
IP phone : - 17 25 church related activities, organizational actiwtie
subscription and other clubs.

35



C. Home environment measurer, the wrist emergency alarm button,

Older people houses and apartments in blocks 8ttomatic functions for bed adjustments, automatic
flats are relatively small. The dispersion in tienie ~ devices to open /close the doors, baby's cryingrala
sizes of the people interviewed is high. On averagé¢sed with grand children, the mobile phone used as
the house of the end-users is 70 squared metegs. T#! emergency device in the summer cottage.
range was from 32 to 129 square meters. The mostOut of the 23 people interviewed, 19

frequent number of rooms in the house is 2 and @emonstrated a positive attitude towards learning t
kitchen. Only 3 participant lived in a studio with yse the CONFIDENCE system, 3 had a negative
only 1 room and kitchen. attitude towards this end, and 1 did not answer. In
Many of the interviewed end-users have obstaclgeneral respondents would trust the technology in
in their home environments including, slipperythe case of a sudden fall (20), 2 out of 23 couleitt
staircase, stairs outside, some slipperiness in th@e system depending on the situation.
yard, carpets, spiral stairs, stairs, sharp stairs, participants had a positive attitude towards
slippery hall in winter, hills in the yard, higheh  wearing the CONFIDENCE’s tags and using the
in the sauna, and one step to toilet/bathroom. portable device (18) and 1 would accept it as & sor

frequent. Carpets also seem to be quite commdhem. Four end-users would not like to carry a

obstacles in different countries. Pieces of fungitu Portable device, and 20 would allow mounting a

_ where they necessary but not interrupting their
D. Attitude toward the ICT normal activities and not at the reach of small

The most frequent expectation about ICT washildren.
that this should be S|m_ple to use for mstancetthmt £. Heath and functional capacity
systems do not provide too many options. Other o i i
expectations included: the price for these shoeld b Participants defined their own health mostly as
cheap enough or affordable, that is similar to othe2verage (13) or good (3), 7 indicated that theaithe
technology they are used to or familiar With,_condl'glon is poor. The problems reported by the
expectations about developments which considdpterviewees were: asthma, back problems,

their perceptual impairments (i.e., sight, hearing@Mputation at knee level, constant pain, amputation
proprioception). at hip level, vertigo, heavy medication, recovering

, , from a fracture of tibia and fibula, rheumatisnghi
User instructions should be understandable and Klood pressure, myocardial infarct, mildly paralyze
their own language. Electricity consumption and thg, apility to move has got worse, and stroke.
dependency on electricity might make the systems . o
vulnerable.” In general the participants expect that Seventeen had experience dizziness and 12 had

many new developments are still to happen in thillen during the past 6 months. One person had
future. fallen down at home 25 times, another 15 times.

_ ) ) Five people had fallen down outside the house once.
The interviewees acknowledged a certain gafhe respondents had a variety of medical conditions
between the capabilities of their children and rtheiyhich could contribute to cause falls, includingthi

own in regard to the use of technology, especialljjood pressure, eye sight, diabetes, use of
the newer ones. They see their descendants as mgfgstheses, vertigo, etc.

capable of learning the use of new devices. Each of _ _

the end-users was Capab|e of using the TV. Twenfy Social healthcare services and Informal care

one use a mobile phone, but only 8 out of 23 use a Thirteen end-users received social services and
PC and Internet. 10 did not. Typical services received include peava
leaning services, laundry, home health care s&rvic

Most people have not used other technologic Xi tickets, private social service, meal ticket o

devices before. Among the devices used by 7 of t 8
interviewees are: the electronic blood pressure
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meal service. The typical frequency of these sesvic
was once or twice a month.

Automatic system, someone would come
e Alarm to health care service or relatives,

Fourteen participants were satisfied with the would first ask about the problem and come
social services they receive. Six out of the 23mit] to help if doesn't get an answer
respond.

_ _ _ * Press an emergency button and someone
Informal care was received by 17 interviewees, would come to provide help

mostly once or twice a month or once a week. The

people providing informal help are usually the 1h€ end-users indicated that the health care
children or other relatives. service, the home health care, other public service

. personnel, or alarm centre, should receive theralar
G. General expectations (12). The public emergency system was indicated by
Being continuously monitored by the 5 interviewees. Only 2 of the 23 end-users preferre
CONFIDENCE system in the opinion of the end-their children as recipients of the alarm.

users could help then feel safer through different Nearly 3 out of 4 of the end-users interviewed

Esychologi%al an;l practical me_char(;ismsf such 35ouid prefer to live at home with the assistance of
howing that they are monitored, after ON&ecpngjogical solution. Four of the respondents
experience of falling and having got help would fe€gy ressed the importance of the closeness of other
safe, they get help if they are unconscious, thfeople and the quick attention that they would

system should be able to provide a warning befogyain in a sheltered house with 24 hours assistanc
actually falling, it would be a relief if one doest . cimilar residence.

need to always think how one can manage in daily

life, is it really needed at the age of 92 yeam®e( H. Real users’ fears

respondent), the security alarm button on the wgist ~ About 50 % of the participants are afraid of
sufficient, cannot say without any experience,néo falling. However, only 20 % are afraid of going out
could contact the helping person by phone, maylot surprisingly, the condition which more often
you would not get help from strange peoplecontribute to a person’s feeling of safety is the
nowadays. presence of another person. This other persone&an b

In the case of problematic situations a list o he spouse or partner, or the personnel of a sedlte
preferences, as stated by the end-users, is prbvide'OUS€:
This might help with specification of technical The main reasons for feeling fearful are health

requirements for CONFIDENCE: problems, fear of falling, being alone, and nonbei

* There should be 3 buttons from which youable to perform one’s activities.

would choose the needed help; ambulance, The level of confidence in CONFIDENCE-like
alarm centre, spouse, solutions

e A nurse should come an check the situation The end-users indicated the following conditions
in which CONFIDENCE could prevent them from

* Automatic call to spouse falling: that the system might make one move more
e The device would make a sound and asarefully, could decrease the fear of falling, thg
automatic alarm should be sent gets touched and initiates an alarm, it could warn

. ou if you are going to drop off to sleep when you
* The system should alarm automatically, anGye standing or sitting, if you reach out too fami
you should also be able to press an alarfhe ped the system could warn you with a alarm

button yourself sound, in the future the system may be able to warn
« No intermediate levels in getting help, alarmyou before you actually fall, it could rise your
straight to service that comes to help mental state (self confidence), it might help after
falling.
* There would be one emergency centre that ,
organises monitoring and help Eighteen out of the 23 end-users consider that the

system violates the integrity of the user. Some of
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their comments deserve attention. These miglgtarts of the system which are in direct contaché&o
indicate that the means to an end might justify thekin of the users.
use of this technology. The following were

) The end-users do not have a great purchase
comments of some of the end users:

power, in general. The CONFIDENCE system
« For a public person it could be a problem  should be durable and affordable.

e Not if the information is confidential For very old people and specially those suffering
memory problems, the system should not require to

* Would violate, if constant monitoring be taken off in certain circumstances. Nevertheless

« Not at this age the opinions of the elder and the possibilities to
_ _ customise or personalise the system according to
* You just have to accept it particular needs of the users should be observed.
* It you have to rely on getting help from  The system seems to consider the basic rights of
somewhere, it doesn't violate integrity the users in terms of privacy, autonomy, integrity,

J. Acceptability of CONFIDENCE by the end-users@nd dignity. Misuse by others should however be

At Jyvaskyld, we asked the end-users Wheth(%]revented as much as possible. End users consider
they would be willing to use the CONFIDENCE at their integrity might be affected by a monitgr

i s system. However, when asked to comment on this
system or not to learn about its acceptability. &l issue, there qualification somehow softened their

the end-users except one stated that they we Rswers about integrity as an abstract concept. In

Yxh";ggtég tﬁ:t 'tthe_r?gagggnggst%r;tvﬁheoO?nssr\]’ée{:&%sn%ases where burglaries at the home of the users
ould potentially happen, or the user is afraidhes

need at the moment. possibility, the system might include some
VI. CONCLUSIONS OF ENBUSERS OPINIONS AND additional features enabling some sort of security
VIEWPOINTS alarm for these situations, or could cooperate with
ther safety alarm systems the users might have

The system should work everywhere, inside an stalled in their homes.

outside the home of the users, in the toiled, showe
sauna, in their summer cottages. Some of the Very often, the relatives of the older people are
summer cottages are in quite unpopulated areas amdt willing to accept the responsibility for the
the telephone networks might not reach there. Als@larms. Therefore the recipients of the possible
some of the summer cottages do not have electricigfarms could be chosen individually by the user.
and the power supply of the system should bé&hese recipients could also be changeable because a
guaranteed as much as possible. good recipient at a certain moment might suddenly

In Finland older women live longer than men an hange his or her status. For instance, a frieighmi

. . ie suddenly, or move to another city, or does not
in the different age groups, women always

outnumber men. Taking this into consideration,get along with the user anymore.

perhaps, different models for men and women A specific alarm centre might be a good option as
should be designed, e.g., as a watch, jewellery.  well as the normal 112. The alarm could be directed
owards the own home care team from 7:00 to 21:00

seems to be a good solution. However, more preci after that the "night patrol” or 112 could take

: 9 e ' b §gsponsibility of the alarm. The own team is good
systems in terms of positioning accuracy could havs’ecause they know the person rather well and some
greater advantages to locate and find th_e _u_s_elneby tpeople call although there are no relevant problems
emergency services. In general the possibilityrtd f

a person in need of help quickly is a good advamtagThey Just need to talk to another person.

The use of global positioning system (GPS

. . The alarm modes and protocols should be
Allergies or aI_Iergenlc components of the SYSten&onﬁgurable depending on the people and the
should be considered very carefully. In particular

. circumstances surrounding them. Some examples
allergy to rubber materials should be noted fosého could include different thresholds for the initaati

of the alarm, immediate alarm to the 112 for pesson
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who are in somewhat known critical health
conditions, provide for social contact and not an
alarm if the contact is initiated by the user, etc.
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Abstract— AGIS Integrating Project (Open
Accessibility Everywhere: Groundwork,
Infrastructure, Standards; Grant Agreement:
224348) is a research project, funded by the
European Commission in the context of the 7th
EU Framework Programme [http://www.aegis-
project.eu]. It seeks to determine whether 3rd
generation access techniques will provide a
more accessible, more exploitable and deeply
embeddable  approach in  mainstream
Information and Communication Technologies
(ICT). This approach is developed and
explored with the Open Accessibility
Framework (OAF) to be developed in the
project, through which aspects of the design,
development and deployment of accessible
mainstream ICT are addressed. OAF will
interface embedded and built-in accessibility
solutions, as well as toolkits for developers, for
“engraving” accessibility in existing and
emerging mass-market ICT-based products,
thus making accessibility open, plug & play,
personalised & configurable, realistic &
applicable in various contexts; A£GIS is placing
users and their needs at the centre of all ICT
developments. The AGIS target user groups
are persons with disabilities (with visual,
motor, cognitive and learning, hearing, speech
and communication impairments), elderly
persons, developers and authors and finally
experts (i.e. tutors, production centres, etc.)
and other relevant stakeholders. This paper
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presents the User Centred Design (UCD)
approach developed in the project, focusing on
the user modeling phase which has resulted in
a set of indicative case studies, Personas and
conceptual models, setting in this way the basis
for the upcoming development and evaluation
phases of the project. The overall evaluation
framework developed in AGIS for the
evaluation of the accessible ICT applications
that have been developed in the first 1,5 years
of the project is also being presented in short.

Keywords- open source; accessibility;
elnclusion; UCD; user modeling; iterative
design and development

l. INTRODUCTION

The number of people with disabilities in
Europe is estimated to be between 10% and 15%
of the total population (between 50 and 75 million
people in the EU27), which gives an idea of the
number of Europeans at risk of exclusion, as well
as the number of potential beneficiaries of
accessible Information and Communication
Technologies (ICT). Also, the prevalence of both
disabilities and other minor functional limitations
is strongly related to age. Thus, the already high
level of demand for eAccessibility solutions will
increase substantially with the ageing of the
population. The ageing population in Europe is the
most important demographic process in recent
years. It is forecast to increase sharply over the
coming years due to two main factors: the increase



in life expectancy and falling birth rates. The
findings of Labour Force Survey and other surveys
indicate that disability increases with age;
approximately two-thirds of disabled people are
elderly [7].

The AGIS IP project (Open Accessibility
Everywhere: Groundwork, Infrastructure,
Standards; http://www.aegis-project.eu) of the 7th
European Framework Programme seeks to
determine whether 3rd generation access
techniques will provide a more accessible, more
exploitable and deeply embeddable approach in
mainstream Information and Communication
Technologies (ICT) [1]. This approach is being
developed and explored with the Open
Accessibility Framework (OAF) through which
aspects of the design, development and
deployment of accessible mainstream ICT will be
addressed. OAF will constitute a comprehensive,
holistic approach to programmatic support for
assistive technologies to provide embedded and
built-in accessibility solutions, as well as totgki
for developers, for “engraving” accessibility in
existing and emerging mass-market ICT-based
products, thus making accessibility open, plug and
play, personalised and configurable, realistic and
applicable in various contexts.

AGIS is targeting users with visual, hearing,
motion, speech/communication and cognitive
impairments, elderly persons (since, as
aforementioned, functional impairment
increasingly appears in old age), as well as
developers of ICT infrastructures, applications and
services and relevant stakeholders and groups
with interest in design processes (public or payat
institutional or community groups) and aims to
develop open source based generalised
accessibility support into the major mainstream
ICT devices/applications domains, namely the
desktop applications area, the rich internet
applications (RIA), and the Java-based mobile
devices domain.

One of the very first activities of £GIS was a
state of the art undertaken regarding the European
AT industry and the availability of past (European)
surveys and data regarding the usage of and
satisfaction with Assistive Technology (AT) of
end users [8]. As shown from this literature
survey, AT is widely used, and in many cases has
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improved the life of many end-users. However,
data seems to indicate that a majority of This work
was partially funded by the EC FP7 Integrating
Project £GIS — Open Accessibility Everywhere:

Groundwork, Infrastructure, Standards, Grant
Agreement No. 224348. the people with
disabilities (people with vision impairments

seemingly being an exception) do not use AT, or
are simply unaware of existing AT, may lack
appropriate training to properly use it and, ifythe
do, are often disappointed with what it offers in
relation to what they need. All findings emerging
from this survey, like the lack of local language
versions of AT or a common policy regarding
reimbursement schemes, etc. were cross-checked
and confirmed with the findings of the studies
undertaken by the project. However, they
constitute some first evidence that User Centred
Design (UCD) is necessary in the context of
AT/AAC prototype development in order to place
the end user, user organisations, & support teams
at the fulcrum of the overall iterative design and
testing process. This is essential for a genuinely
iterative approach to AT/AAC design and is being
strictly followed within £GIS.

This paper presents in short the UCD
implementation plan defined and followed in
AGIS, mostly focusing on its two first phases,
which correspond to the “Modeling the user” stage
of the project, namelyrhase 1: Gathering user
needsandPhase 2: Specifying user requirements
providing in addition some indicative results
emerging from each, while presenting also the
transpose to the “lterative Design and
Development” stage of the project, encompassing
Phase 3: From Concept to Working Prototyrel
Phase 4: Field Trials

. AGISUSERCENTREDDESIGN(UCD)
APPROACH

The UCD implementation plan of the project
constitutes the cornerstone of all its phasasrk,
starting from the user needs and modeling phases
to the iterative design, development and evaluation
of the Z/£EGIS outcomes. Emerging after a thorough
literature survey and identification of all applta
methods for each UCD phase, it constituted the
basis for the framework for the iterative evaluatio
of the project outcomes, in three phases and 4 test
sites (Belgium, Spain, Sweden and in the UK).



The centric principles followed for the
construction of the UCD implementation plan in
AGIS, and is also relevant for all A£GIS-like
initiatives, is that (a) active user involvement in
the project is not simply at the end, (b) user
involvement in this project is a particularly
challenging priority due to the extremely diverse
nature of the target user audience and the inelusio
goal, and (c) everything users see, hear and touch
shall be designed together with a multidisciplinary
team.

The UCD implementation plan as proposed by
AGIS has four sequential phases. In the first
phase, analysis of the users (both end-users with
disabilities and developers and experts), thekstas
and their contexts are the main focus. Based on
these analyses, insight in the problems and needs
of the users are collected. Central to phase isvo
the translation of these problems and needs into a
format which can be wused throughout the
remainder of the project, such as personas, use

cases, user scenarios, user requirements,
conceptual models, etc. In the third phase, the
conceptual models will be developed into

prototypes in an iterative, co-design approach. The
prototypes of increasing fidelity will be iteratlye
evaluated with users. In the fourth phase, thal,fin
working prototype which is the result of the
previous phase is tested in the field. The four
phases are schematically presented in Fig. 1. The
interdependencies between the research activities
are indicated in the overall context of the itemti
process. The four phases are followed for each of
the AGIS application domains (i.e. mobile,
desktop, Rich Internet Applications). When
possible, the UCD activities will run in parallelrf
each of these domains, or will even be combined.
For instance, in the first phase, the user, task an
context analysis have been conducted for each
application domain simultaneously.

The first two phases of the UCD plan are the
ones that correspond to the overall “Modelling the
User” stage of the project, as indicated in the
following figure. On the other hand, the third and
fourth phases of the UCD plan constitute the
“lterative Design and Development” stage of the
project.

It should be mentioned that the applicable for
AGIS UCD techniques in each phase have
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emerged from an extensive literature survey held
in the early beginning of £GIS project [7].

Modeling the user stage

Iterative Design and Development stag

Figure 1. The UCD phases and the interdependencies between th
research activities as defined by £GIS [7].

The UCD Phase 1: Gathering User Needs
aimed to understand the user, his/her tasks and
context, as a necessary prerequisite before moving
to design and development of technology and
applications for him/her that would be useful,
usable and that provide a pleasant user
experience. By understanding these factors,
insight would be gained in problems that could be
solved and in the usérseeds with respect to the
topics of AGIS. Thus, the expected result in this
phase was the gathering of deep and rich insights
from a substantial panel of users regarding their
needs, problems and wants that should be fulfilled
within the scope of the Z£GIS project.

A combination of quantitative and qualitative
methods were being deployed in this phase. On a
guantitative level, the user, task and context
analysis were done by means of questionnaire
surveys that were conducted by phone, e-mail or
face-to-face where necessary [8]. The surveys
addressed both end users with disabilities and
experts for all three areas of the project (thenope
accessible desktop applications area, the accessibl
RIA and accessible mobile applications area). On
a qualitative level, some of the questionnaire
participants were interviewed face-to-face. This
was necessary for some users with severe
disabilities and it also allowed the discussion of
relevant topics on a deeper level as well as a more
ethnographic approach in doing contextual



inquiries to observe the users while doing
relevant tasks. Based on the observations of
participants performing everyday tasks in their
personal context, a hierarchical task analysis
(HTA) was done, to allow the investigation of

existing situations.

The aforementioned field studies were realised
in four European countries, namely Belgium,
Spain, Sweden & UK and targeted end-users, end-
user representatives (e.g. trainers, accessibility
assessors), domain experts and developers to gain
an in-depth understanding of the context of the use
of ICT, i.e. mainstream and assistive technologies
(AT) and aimed to uncover all possibilities and
challenges that arise when end-users engage with
mainstream or AT. A detailed analysis of the
results per test site, and herein per application
domain, as well as a cross-comparison between the
respective sites, also per application domain and
per target group, uncovering similarities and
differences has emerged and is publicly available
through the project web site [1].

Following UCD Phase 1, the UCBhase 2:
Specifying User Requiremerdsmed to translate
the insights in the users, their tasks and their
contexts, gathered in Phase 1, into system and user
requirements. In other words, to translate the
succinct ranked list of the major end user,
developer, and system requirements, as emerging

USERMODELLING STAGERESULTS

A. Use Cases

One of the major results of the UCD Phase 2:
Specifying User Requirements have been the Use
Cases (UCs) of the project. The Use Cases,
before being reviewed in the context of focus
groups and workshops mentioned above, were
based on the original technical-wise targetdef t
three areas of the project (the open accessible
desktop applications area, the accessible RIA and
accessible mobile applications area) as well & th
needs of the target user groups and sub-groups of
the project, as identified in UCD Phase 1.
Gathering User Needs, emerging from UCD Phase
1 in the form of generic functional requirements

[8].

All UC “s have been formulated upon a
consistent format, addressing the same major
fields namely, context of use (describing the goal
of the UC), primary actor (retrieved from AGIS
User Groups), secondary actor(s) (the interacting
persons and/or objects), connected 8 Qeferring
to other UC's that each UC is related/linked),
priority level (for implementation), which may be
essential, secondary or supportive, depending on
the of value or primacy for £GIS stakeholders as
well as on the importance for system operation,
background info/reason on selection and on

from Phase 1 to specific Personas, Use Cases and assigning the priority level, scenario(s), desagbi

scenarios and conceptual models to enable the
realisation of Stage 3 (Phase 3 and 4 in Fig. 1),
which aims to interpret, finally, the first concept

to working prototypes and iteratively evaluate
them [2]. To verify the relevance and accuracy of
all the outcomes, focus group meetings with end
users and experts have been organised in the
same European countries as the field studies [8],
whereas, in addition, 2 Pan-European events were
also held [2]. The aim of them was to present
preliminary results and ideas in an open discussion
format to obtain feedback from individual end-
users and stakeholders (developers, end user
representative organisations) in an early design
phase.

The following Chapters present the major
results of the “Modelling the User” stage, aslwel
as the shift to the “lterative Design and
Development” stage of the project.
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the task(s) that the user has to accomplish, system
output, meaning what should be the system's
functionality, as reaction to the user
actions/triggering, preconditions, that should be
fulfiled for the UC to take place, services
involved if applicable, application area (desktop,
mobile and/or web), devices and restrictions
(PDA, mobile phone, browsers and relevant
possible limitations), critical success parameters
(thresholds to be taken into account during
evaluation), environmental restrictions related to
the generic context of use, interaction level,
depicting the interaction between the user(s) and
the system in subsequent steps, important
accessibility attributes (per User Group), related
also to critical success parameters, if applicable,
relevant Personas, references and comments.

In addition to the textual descriptions of the UC
“s, and in order to allow their easy digestion ke th



development teams in the future phases of the
project, UML (Unified Modeling Language™)
diagrams have been developed for each of them,
through the StarUML tool [5] and the Enterprise
Architect (version 7.1) [6], showing the
relationships among actors, sub-modules and
activities/actions identified within each UC. The
context of use of the UCs developed in the
project is described in short below, while, fockea
the addressed User Groups are indicated, together
with their priority level (“essential”, “secondary”

or “supportive”) for the project. Both “essential”
and “secondary” Use Cases are the ones that have
to be tested in the context of the evaluation
activities of the project, while the “supportive”
ones will be tested only if the specific UC is not
covered/tested through another UC. It is worth
highlighting here, that out of the 34 Use Cases
developed in total, 12 of which cover the
accessible desktop applications, 7 the accessible
RIA, and 15 the accessible mobile
applications/services area, only 4 of them are
considered supportive, whereas the rest of them
are all considered essential for the project, aaml,
such, one should expect their implementation
during the development phases of the project, the
years to come. Beyond the following clustering, it
may happen that a Use Case is applicable for more
than one application areas, and this mainly
concerns cases, where the background
technologies or back-end modules to be developed
are common for more than one application areas.

Use Cases for Open Accessible Desktop

1) Screen magnification for the GNOME Desktop

Context of use: The aim is to provide screen
magnification functionality for the GNOME
Desktop environment that provides both
conventional magnification features and more
intelligent features built using GNOME's rich
underlying accessibility architecture. Current
magnification on the Gnome desktop (e.g.,
GnomeMag) is limited to conventional
magnification features and, more importantly, will
be obsoleted by changes for Gnhome 3.0, including
the move to GnomeShell and Dbus.

Addressed user groups:Partly sighted (users
with a sight impairment and blindness with useful
residual vision)
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Priority level for £GIS: Essential

2) Windows screen reader for Java (“Java Access
Bridge”)

Context of use: The aim is to ensure that Java
applications running within Windows

environments are as or more accessible by
Windows screen readers as native Windows
applications.

Addressed user groups: Blind (without useful
residual vision)

Priority level for £GIS: Essential
3) Printing Braille in OpenOffice.org

Context of use: A (prototype) “Save as” Braille
functionality = OpenDocument Text (ODT),
OpenDocument  Spreadsheet (ODS) and
OpenDocument Presentation (ODP) that both
individual users and production centres for
accessible formats can use when translating
documents to Braille.

Addressed user groups: Blind (without useful

residual vision), persons without disabilities,
production centres for accessible document
formats.

Priority level for £GIS: Essential
4) Accessibility Checking for ODF

Context of use: A (prototype) accessibility
checker for ODF, especially OpenDocument Text
(ODT) that both individual users and production
centres for accessible formats can use when saving
documents or before exporting to another format.

Addressed user groups: Blind (without useful

residual vision), persons without disabilities,
production centres for accessible document
formats.

Priority level for £GIS: Supportive
5) Full DAISY book creation in OpenOffice.org

Context of use:A (prototype) “Save as” DAISY
functionality = OpenDocument Text (ODT),
OpenDocument  Spreadsheet (ODS) and
OpenDocument Presentation (ODP) that both
individual users and production centres for
accessible formats can use when translating
documents to DAISY.



Addressed user groups: Blind (without useful
residual vision), persons without disabilitiesghti
cognitive limitation and low support need (users
with dyslexia/reading impairments), production
centres for accessible document formats.

Priority level for A£GIS: Essential

6) Comprehensible multi-lingual documents

through a screen reader
Context of use: Automatic switching of the text-

to-speech language voice used to match changes in

the language used within the document.
Addressed user groupsBlind users.

Priority level for £GIS: Supportive

7) Open interface to Assistive Technologies

Context of use: The aim of this Use Case is to
provide interaction between assistive technologies
and third party applications that implements the
Open Interface.

Addressed user groups: Blind users, users with
severe or complete restriction on hand use.

Priority level for £GIS: Essential
8) Gesture switch

Context of use: The aim is to create a gesture
switch, detecting a “yes” gesture (such as looking
up) from an ordinary digital video stream e.g.,
from a webcam pointing at the user.

Addressed user groupsMotor impairment users
(severe or complete restriction in upper limbs; but
good vision/eye  coordination;  “locked-in
syndrome)

Priority level for £GIS: Essential
9) Gaze tracker- “send e-mail with your eyes”

Context of use: The aim is to infer robustly the
screen coordinates of a user's gaze from an
ordinary digital video stream e.g., from a webcam
pointing at the user (this avoids invasive head
gear, infrared lighting, expensive high resolution
high framerate cameras, algorithms which make
assumptions on the geometry of the eyes, but is
thus a much harder problem to solve).

Addressed user groupsMotor impairment users
(severe or complete restriction in upper limbs; but
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good vision/eye  coordination;  “locked-in

syndrome)
Priority level for £GIS: Essential

10) Graphic Symbol Support for facilitated text
comprehension and production in OpenOffice.org

Context of use:The aim is to make the text based

environment of a standard Office application suite
— OpenOffice.org (O0.org) — accessible as a
productive tool also for users with more profound
problems in relation to text — both in terms of

writing and reading. This will be achieved by — in

addition to text-to-speech reading support —
providing graphical symbol support. Graphic

symbols will illustrate the meaning of the words as
they are entered into the text, or when text cdnten
is loaded from a file (a freely available open

source plugin extension for OO.org.)

Addressed user groups: Primarily users with
Cognitive Impairments, but also some user with
Speech and/or Hearing impairments, as well as
some persons with Motor impairment having
profound problems with text processing.

Priority level for £GIS: Essential

11) Integration of open real-time into audio,
video, and text-chat desktop applications

Context of use: Enables users to communicate in
real-time text, and integrate this solution into
exiting audio, video and text chat software to
provide a total conversation tool that works in
real-time.

Addressed user groups: Users with severe

limitation or total deafness, users with aphasia
(loss of the ability to produce and/or comprehend
language) and stuttering and dysarthria (motor
speech disorder resulting from neurological injury,
characterised by poor articulation). Also, non-

disabled users communicating with
disabled/elderly people.

Priority level for £GIS: Essential

12) Generating Accessible PDF  from

OpenOffice.org

Context of use:The aim is to generate accessible
PDF files from OpenOffice.org.

Addressed user groups: Blind users, any users
interacting with persons with visual impairments.



Priority level for £GIS: Essential

Use Cases for  Accessible Mobile

Applications Area
13) Accessible Mobile Phone for the blind

Context of use: A mobile phone research
platform, together with a freely available open
source screen reader for the blind, providing for a
accessible mobile phone experience.

Addressed user groups:Blind and low-vision
users

Priority level for £GIS: Essential

14) Mobile as an Augmentative and Alternative
Communication (AAC) device for severe motor
and/or speech impairments.

Context of use: The aim is to make the
environment of a standard mobile phone
accessible as a productive tool for users with
profound motor problems (including switch users)
— both in terms of writing and reading SMS/IM
and operating the phone for making voice calls
and navigating and controlling major phone
functions. Text-to-speech (TTS) will provide
reading support and may also act as the user's
voice when making calls. Graphic symbols /
photographic images (using the CCG) may be used
to illustrate the meaning of messages and menu
items as they are presented, or when text content
predicted. Configurable traditional or T9 style-on
screen keyboard (OSK) with word prediction,
alternatively mobile “Dasher” input, to be used by
a direct selection or switch user to send and
receive SMS/IM. etc.

Addressed user groups: Primarily users with
motor impairments (including switch users),
speech and cognitive impairments, who have
profound problems with text processing.

Priority level for ££GIS: Essential

15) Symbol-based Augmentative and Alternative
Communication (AAC) system for mobile devices
for direct person-to-person (face-to-face)
communication

Context of use:The aim is to make it possible for

a person with a speech and communication
impairment to communicate directly with another
person by using a mobile device as a VOCA
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(Voice Output Communication Aid) — with or
without the support of the graphical symbol/text
display.

Addressed user groups:Primarily users with
speech, and/or cognitive, and/or motor
impairments.

Priority level for £GIS: Essential

16) Augmentative and Alternative Communication
(AAC) for instant and text messaging (IM/SMS) on
mobile devices

Context of use: The aim is to make an accessible
instant messaging on mobile phones through AAC
(supported by voice and text). Graphic symbols —
based on the Concept Coding Framework (CCF) —
will illustrate the meaning of the words as theg ar
entered into the message.

Addressed user groups: Primarily users with
cognitive Impairments, users with speech and
hearing impairments, users with  motor
impairments having profound problems with text
processing.

Priority level for ££GIS: Essential

17) Onscreen keyboard for motor impaired
operation of a

mobile

Context of use: The aim is to provide motor-
impaired individuals, with severe motor-
impairments and very limited mobility (e.g., 1 or 2
input actions) with the ability to navigate and
operate mobile device user interfaces and enter
text.

Addressed user groups: Users with severe or
complete restriction on hand use.

Priority level for £GIS: Essential
18) Rapid text entry into a mobile device

Context of use:The aim is to create a rapid text
input method for a mobile device which doesn't
require the frequent and accurate pressing of at
least one button per letter.

Addressed user groups: Users with slight
dexterity difficulties (motor impairments), and
especially when coupled with text-to-speech and
users with stuttering and dysarthria.



Priority level for £GIS: Essential
19) Captions for the deaf display in mobile video

Context of use: Deaf wuser enjoying
movies/videos on their mobile device because they
contain (and correctly display) captions.

Addressed user groups: Users with
limitation in hearing or total deafness.

severe

Priority level for ££GIS: Essential

20) Audio description for the blind/low-vision
played in mobile video

Context of use: Blind or low-vision user enjoying
movies/videos on their mobile device because they
contain (and correctly play) video descriptions.

Addressed user groups:Blind and low-vision
users.

Priority level for £GIS: Essential
21) Real-Timer Text for mobile devices

Context of use:Enables users to communicate in
real-time text through their mobile phones.

Addressed user groups: Users with severe

limitation or total deafness, users with aphasia
(loss of the ability to produce and/or comprehend
language) and stuttering and dysarthria (motor
speech disorder resulting from neurological injury,
characterised by poor articulation). Also, non-

disabled users communicating with
disabled/elderly people.

Priority level for ££GIS: Essential

22) Accessible messengering application for

mobile devices

Context of use: Most mobile communication
devices include one or more messengering
applications — encompassing SMS, MMS, e-mail,
and IM. This application integrates all these text
technologies (adding real-time text) in a single
accessible solution that makes text communication
accessible for all.

Addressed user groups: Users with a sight

impairment and blindness with useful residual
vision and blind users, users with dexterity
difficulties or slight, moderate, severe or complet
restriction on arms or hands, users with slight,
moderate or severe cognitive limitation and low,
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medium or high need for support, hearing
impairment users (of any severity level up toltota
deafness), users with aphasia, stuttering and
dysarthria. as well as  non-disabled users
communicating with disabled/elderly people.

Priority level for £GIS: Essential

23) Accessible phone dialer and contact manager
for mobile devices

Context of use: Every mobile phone includes

several core applications. If these applications
aren't accessible, then fundamentally the phone
isn't accessible. The two core applications are the
phone dialer, and the address book/contact
manager that should be always accessible to
people with disabilities via assistive technologies

Addressed user groupsPartly sighted and blind
users, users with dexterity difficulties or slight,
moderate, sever or complete restriction on arms or
hands, users with slight, moderate or severe
cognitive limitation and low, medium or high need
for support, users with slight or moderate hearing
impairment and users suffering from aphasia,
stuttering and dysarthria.

Priority level for £GIS: Essential

24)
toolkit

Context of use:Using the AGIS developer tools

and support libraries for creating an assistive
technology for people with disabilities to use on
their mobile device.

Assistive technologies for mobile devices

Addressed user groupsAT developers
Priority level for £GIS: Supportive

25) Accessible applications for mobile devices
toolkit

Context of use: Using the AGIS developer tools
& Ul component sets to build accessible
applications for Java-based mobile devices.

Addressed user groups: Mainstream application
software developers and experts and mobile
application developers.

Priority level for £GIS: Supportive

26) Mobile application developer developing
accessible Java FX applications for mobile
devices



Context of use: Java FX mobile application
developer develops a highly accessible Java FX
mobile application.

Addressed user groups: Mobile
content/application developers and mainstream
mobile application developers/experts.

Priority level for £GIS: Essential
27) Developing accessible mobile s/w

Context of use: To prototype approaches to
making mobile application user interface
component sets accessible to people with
disabilities.

Addressed user groups: Mobile applications

developers, Graphical User Interface designers,
s/w designers and analysts.

Priority level for £GIS: Essential

Use Cases for Accessible Rich Internet

Applications (ARIA) Area

28) Web developer developing accessible DHTML
RIA application

Context of use: A DHTML RIA developer
develops a highly accessible rich-internet
application, using A£GIS toolkit(s).

Addressed user groupsWeb content/application
developers.

Priority level for £GIS: Essential

29) Web developer developing accessible Java-
based RIA application

Context of use: A Java-based RIA developer
develops a highly accessible rich-internet
application, using A£GIS toolkit(s).

Addressed user groupsWeb content/application
developers and mainstream application software
developers and experts. Priority level for £GIS:
Essential

30) Visually impaired user using Java-based RIA
application

Context of use: Visually impaired user (also
blind) tries to access a Java-based RIA application
to proceed his/her task. The RIA application is
developed using ZAGIS toolkits and thus accessible
with help of ATs used by the user.
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Addressed user groups:Blind or low vision
users.

Priority level for £GIS: Essential
31) Using an internet map: visual adaptation

Context of use: The aim is to provide an Internet
map application for users with low vision. The
Internet map application should be easily
accessible for users with low vision. This means
that the map can be read and understood easily,
and that users are able to manipulate the map, and
use it for localisation and navigation.

Addressed user groupsPartly sighted.
Priority level for £GIS: Essential

32) Accessible Rich Internet map Applications
using the OCR (Optical Character Recognition)
and VRML (Virtual Reality Modeling Language)
technology

Context of use:The aim is to provide the visually
impaired with an easy to use means of accessing
conventional 2D maps. The user can interact with
the produced 3D model of the map and examine its
properties. The developed framework analyzes the
map image so as to obtain the enclosed
information. While navigating, audio messages are
displayed providing information about the current
position of the user (e.g. Street name, cross-road
notification and so on).

Addressed user groups:Blind and low vision
users.

Priority level for £GIS: Essential
33) ARIA support in browser

Context of use: The aim is to ensure that there is
browser support for W3C-WAI's developing
ARIA (Accessible Rich Internet Applications)
technology.

Addressed user groupsBlind users.
Priority level for £GIS: Essential

34) Applying WAI-ARIA to open-source CMS
widgets

Context of use: The aim is to enhance CMS's

widget accessibility through the application of the
WAI-ARIA roles, states and properties in order to
produce a CMS demonstrator, which would show



how a Web author could use the provided
framework and thus produce accessible blogs
without the need for doing programming
themselves. End-users of screen readers will
perceive these blogs as accessible.

Addressed user groups:Blind and low vision
users.

Priority level for £GIS: Essential

B. Personas

In addition to the Use Cases of the project,
another major result of UCD Phase 2: Specifying
User Requirements have been the Personas of the
project.

The methodology adopted for the Use Cases
development is supported by a theoretical
approach based upon the Action and Activity
Theories, a research on Use Cases revealing the
need of defining a Problem-domain (i.e. Use Cases
context) and a Model-domain (i.e., common
terminology) as well as the UML diagrams to
represent the Use Cases. Still, the main principle
behind Problem-domain and Model-domain is that
Use Cases themselves do not capture important
information on the surrounding context. So, the
problem-domain  (i.e., the context, the
environmental aspects) should be first analysed
and described. For this purpose, the Personas work
run almost in parallel with the Use Cases work in
AGIS and was completed much before the
finalisation of the Use Cases, setting in this \@ay
common reference and terminology for the Use
Cases that will serve to support the AGIS
developments.

Thus, Personas actual target in ££GIS has been
to address exactly this problem-domain aspect and
this was achieved by interpreting the collected use
needs info (emerging from the field trials and
workshops) to fictitious archetypes of real users
(featuring specific user characteristics, problems,
needs and wishes, and not general ones
representing the “average user”), constituting in
this way the most efficient possible design and
context of use capturing tool, considered very
essential for the developers, and also very
innovative in comparison to a theoretical
consolidation of descriptive info that could bechel
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instead. Personas are public and can be found in
the project web site of AGIS [1]. The following
table presents the personas developed for each
end-user group, targeted by the project. As in real
people with disabilities, some of the personas
(Emma, Jane, Peter and Wayne) have multiple
impairments; thus, the names of these personas are
mentioned in each relevant end-user group.

TABLE 1. AEGIS PERSONAS-USER GROUPS
MAPPING

Z/EGIS Personas

AEGIS rargeted end-user group

Relevant Personas

Visual impairments Gert, Mirta, Nitesh, Paulina

Motor impairments Caroline, Jane, Mikel, Peter, Ramin

Cognitive impairments or learning
difticulties

Adam, Peter, Wayne

Hearing impairments Edward, Emma, Tomasa

Speech/communication
Impalrments

Carlos, Emma, Jane, Wayne

Experts Benoit

Developers Clvde

Each Persona is introduced with a name, a
picture and a short description of his personal
situation. This includes age, marital status,
education, job and a short description of the
personds impairment. In addition, each persona
describes which  technologies s/he uses in
everyday life, and for which purposes. In the case
of users with a limitation, the adaptive strategies
for using a product are also described here, ssich a
special tools or assistive technology (for example
,uses screen reader softwade experience and
skills with these tools or assistive technologies,
and the frequency of use of the tools and
technologies. Furthermore, a list of problems in
using the technology in itself or in using the
assistive technology is provided. Based on these
problems, a section of each persona is dedicated to
the overview of his/her needs and wants. The
problems, needs and wants in using technology
and special (assistive) tools are illustrated more
concretely in a short description of a current
scenario out of the life of the Persona. This secti
(titted “last month ...”) describes an everyday
incident or event in which the persona was
confronted with a particular problem or need. In
this way, AGIS has achieved to interpret all
collected user needs in an absolutely meaningful



is in
Use

and valuable format for further use, which
parallel very easy to link with the project
Cases.

Figure 2. Example of Persona (Adam Ljung).

The final step in this process has been the
formulation of some condense use scenarios, on
the basis of the above Use Cases, which have
constituted the basis for the detailed and more
specific evaluation scenarios that will orient the
evaluation activities of the project. Three major
application scenarios have emerged, consisting of
sub-scenarios, whereas the relevant user profile
(linked to the relevant Persona) is also descnbed
each case.

C. Conceptual Models

Finally, as explained in the UCD plan of
AGIS, the creation of the conceptual models is a
central step in the phase of specifying user
requirements. A conceptual model represents a
high-level structure for the system. The concepts
and the entities that form the system are destribe
in the conceptual design. Many possible formats
for conceptual models are used, but these formats
all have in common a description of the system
from a user point-of-view. These models answer
guestions such as ,which services and features
does the system offer?how does the user interact

with the services and featurés®tc.

On the basis of the UCD Phase 1 outcomes and prototypes
taking into account the Use Cases, Personas and eygluations

the functional requirements of the upcoming
prototypes, after cross-checked with the user
insights [2]. An example of the 13 conceptual
models developed in Z£GIS is provided in Fig. 2.

oru
cequire . Fo

Figure 3. Example of Persona (Adam Ljung).

Iv. EVALUATION ASPARTOFITERATIVE
DESIGNAND DEVELOPMENTSTAGEOF
AEGIS

All tangible results of UCD Phases 1 and 2,
encompassing the AGIS Use Cases, Personas,
application scenarios and conceptual models, have
constituted the basis for the specific application
scenarios and experimental plans that have
oriented the evaluation of the 10 first prototypés
AGIS in the first round of evaluation, that took
place from May 2010 until end of July 2010. This
has been only the first of the three evaluation
rounds that are scheduled in the project in the
context of the iterative design and development
character. This section describes in short the
overall evaluation framework developed in £GIS,
focusing on the first out of the three in total
evaluation rounds scheduled in its context.

A. The lterative Evaluation Framework

AGIS has developed a horizontal evaluation
plan involving several sequential iterative heugist
evaluations that shall involve both experts and
users, as appropriate, at various stages of the
development lifecycle of all the proposed
and applications. Sequential
involve a series of evaluation

user scenarios of Phase 2, a conceptual model has techniques that run in sequence, such as contextual

been developed for each  AGIS identified
prototype (priority is given to those expected ¢ b
evaluated in the first evaluation phase), reflegtin
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inquiry, naturalistic observations, performance
testing, technical validation on the hand, etc. [4]



As currently identified, the applicable
evaluation categories of AGIS are namely the
technical validation, conducted by the developers,

prototypes of the 1st evaluation phase, techniques
and tools, both conventional and novel, have been
identified in the context of the validation plans o

the Human Factor assessment, enabled through the the first phase and are summarized in TABLE IlI

participation of end-users and several types of

experts, whereas socio-economic assessment and

impact assessment will be performed off-line,
utilising feedback by the three evaluation rounds.
The high-level objectives of the four targeted
evaluation types are presented in TABLE Il below.

TABLE L. FIRST EVALUATION PHASE
TECHNIQUES AND TOOLS TO BE APPLIED-
HUMAN FACTOR ASSESSMENT.

EGIS Personas
Caregory of Muain evaluation phjectives Lser Growps invelved
evealuation in Validarion
I'echnical Walidation of expected system All types of developers
validation of | performance -Quality of applicable for each
application Service & Accessibility type of solution
aspects
Human » System usability s E&D users
Factors (embedding accessibility as : .
Assessment an inherent scope in £GIS | * Developers (i1
case) applications are
made for
& System acceptance developers)
e Effects on users’ self- = Focus groups
confidence and Quality of experts (potentially)
Life
Impact » Satisfaction and QoL of » Indirect - Experts
analysis E&D will analfyse the data
i ] fed by the Pilots)
+ Mobility) emplovability of
E&D users
e New business opportunities
in the rehabilitation sector
s Market penetration of
elnclusion Services
» Maore to be defined during
the progress of the project.
Financial e Willingness to Have » Elderly and
and socio- (WTH) [¥sabled users
econoniic
a luati o Willingness to Pay (WTP) 3 :
evaluation " e Indirect - Experts
* Detection of EGIS will analyse the data
applications strengths and fed by the Pilots)
weaknesses in compartson
to existing solutions.

Having as starting point the results of the first
two UCD phases, as aforementioned, an
investigation has been held, of all applicable fo
AGIS evaluation techniques, approaches and
tools. As such the most relevant to the specific
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below.

TABLE 11 FIRST EVALUATION PHASE
TECHNIQUES AND TOOLS TO BE APPLIED-
HUMAN FACTOR ASSESSMENT.

JEGIS Personas

Evaluation technigue Fools to be used

Consent forms and traiming
manuals

Training wor kshops and
consent forms

Questionnaires Interviews Subjective: Pre-est form

Performance testing
combined with Naturalistic
(bservations and
Contextual Inquiry

Objective: Service diaries and
video sound'screen recordings,
in combination with:
Subjective: Think Aloud'Co-
Dizcovery Protocol'open
guUestions

Juestionnaires Interviews Subjective: Post-test forms,
nestionnatres’ Interview Subjective: Post-test forms
including standard scales and

prototype-specific questions

Focus Groups Subjective: Open guestions and
free discussion and

questonalre

The evaluation approach followed in AGIS
needed to encompass all types of users that are
interfering directly or indirectly with its solutis.
Therefore, as shown in TABLE Il above, besides
performance testing with end-users, deploying
naturalistic observation methods, focus groups
have been planned in order to involve tutors,
experts and other relevant stakeholders.

Furthermore, AGIS will try to gather both
subjective and objective measurements; not aiming
to evaluate the users' performance; on the contrary
for evaluating the systems' performance through
users' interaction with them. Therefore, on the
basis of the initial project Use Cases, Personas,
application scenarios and conceptual models of
“Modelling the User” stage of the project, specific
tasks have been defined for the interaction of the
users with the prototypes during the first
evaluation phase (and this will be the case for the
next evaluation phases as well), during which the
tests supervisors, through service diaries will



monitor the users' interaction and keep notes on
pre-defined measures but also free notes. The
video/sound/screen recording sessions that will be
planned whenever possible (and allowed by the
participants) will also support the in-depth
analyses of the users' performance with the
prototypes.

On the other hand, the developers themselves,
in the context of the technical validation, wilkal
measure (to the extent enabled by the maturity of
the prototypes) their systems' performance and
their results will be compared and consolidated,
when similar, to the user trials' results. Howedter,
should be noted that all aforementioned will be
better performed in the second and third evaluation
round of the project (although planned also for the
first one and partially executed). The improved
fidelity of the prototypes (and those to be added)
then will enable the incorporation of more
sophisticated measurements and tools for them
and, as such, more valuable results.

In parallel, the approach to be followed for the
participants' recruitment had been defined from
the early beginning of the project, on the basis o
selection criteria dealing with subjectage, type
and severity of impairment, gender, Assistive
Technology and  Accessibility  Solutions
acquaintance and previous experience, in order to
meet the desired equilibrium. From the early
beginning of AGIS, it has been decided to engage
in the greatest possible extent the same users
across all evaluation rounds and studies; thus, it
has been anticipated that a portion of the usets an
experts participating in the field trials of thesfi
year will be engaged as much as possible in @l th
evaluation rounds to follow; and this was the case
for the first round already executed.

In the context of the first evaluation round, 10
prototypes have been tested with users and some
of them also underwent a technical validation.

The 10 prototypes have been evaluated with
316 users with impairments, 8 production centres
representatives, 14 RIA developers, 164 tutors, 14
evaluators and 155 experts in total, across 6 test
sites (and 4 countries), namely in Belgium by EPR
and KUL, in Spain by FONCE, in Sweden by SU-
DART and in the UK by ACE and RNIB.
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The test sites aforementioned were
responsible for conducting user trials, in the
context of the Human Factor Assessment. On the
other hand, technical validation was also
conducted on the developers' sites (those that have
developed that prototypes to be tested also in the
user trials) for the most mature prototypes.

The iterative nature of testing will be one of the
core concepts that will be maintained throughout
the project. More specifically, AEGIS is
committed to build user-based and technical
validation into all stages of the development
lifecycle, from the very first prototypes until the
pre-release stage; this is the major reason for
scheduling 3 evaluation rounds and one final
demonstration phase in the context of the project.
The evaluation outcomes will provide valuable
feedback to various design and development teams
of the project, whereas the experience to be gained
by a number of spread evaluation groups will be
consolidated and documented appropriately in
order to serve as reliable, yet raw, input to
standards and exploitation plans.

Last but not least, an important aspect of the
/EGIS research and development activities, and,
more specifically, of the evaluation activitieshie
conducted is the monitoring of compliance to the
project's ethics policy concerning them. An Ethics
Policy has been established in AGIS, according
to which, evaluation, among other activities,
should be fully compliant. Local Ethics
Committees have been formulated locally in each
test site to apply the Ethics Manual developed and
monitor the trials adherence to that [3]. Parthef t
Ethics Policy developed in the project was the

instantiated consent forms and processes
formulated for each type of impairment user
groups.

B. The First Prototypes Evaluated

During the first 12-16 months of the AGIS
project, there have been 6 preliminary prototypes
developed by the respective development teams in
AGIS, which reached an adequate maturity level
in order to be included in the first evaluation pha
of AGIS. These are the namely the “Accessible
Contact Manager and Phone Dialer”, the “Concept
Coding Framework Ooo Symbols” (CCF Symbol
Support plug-in for OpenOffice.org Writer), the
“DAISY  Production”, the  “GnomeShell



Magnifier”, the “Haptic RIA maps” and the
“/EGIS RIA Developer tool”.

In addition to the above prototypes, there were
4 concepts/prototypes selected to be tested in
addition in the context of AGIS, without
constituting actually AGIS prototype. The reason
for this is either because they are considered as
basis for future relevant £GIS implementation,
and as such, their evaluation is very critical to
AGIS in order to be decided if the project should
comply or not with them and to which extent or
because their testing practically constitutes itse¢ f
step of further development (as it is the case for
Text To Speech sample files evaluation). These
are namely the “Open Speech Access to the
GNOME Desktop environment” by Sun, the
“AIM Real-Time Instant Messenger” by AOL, the
“Oratio for Blackberry” by RIM and, finally, a
collection of some Text To Speech sample files
for language evaluation.

V. CONCLUSIONSAND NEXT STEPS
The outcomes of the “Modelling the Use”

stage of the project have been presented per test

site in the context of focus groups and workshops

and showed that the end user and development

community is keen on embracing Z£GIS, under the
condition it remains an "open project” and

considers the needs of end users. This implies
applying the UCD approach throughout the project
as well as involving development communities

and organisations that promote open software,
offering access to source code and publishing
information throughout the entire course.

The major results of the two first UCD phases
of AGIS is the thorough understanding of the
targeted users, their needs and wants, whichim tur
have formulated the basis for the user
requirements work of the project, which has been
materialised in elaborate Use Cases and user

scenarios, Personas and conceptual models, that

will constitute the groundwork for the iterative
design and prototyping phases of the project.

The further steps in the context of the “lterative
Design and Development” stage of AGIS,
introduced in short in this paper, focusing on the
evaluation framework established and the plans of
the first evaluation round, already executed, are
the consolidation of all test results, the emerging
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of guidelines for the project developers in orde
to assist them with the optimisation phase until
the next evaluation round and the emerging of any
recommendations and feedback for standards in
the area. Finally, based on this first experietioe,
AGIS Consortium will learn and optimise the
procedure to be followed in the next evaluation
phases across all aspects and, incorporate,
whenever possible, more novel tools for more
objective performance measurement with AGIS
applications.

Above all, AGIS aims to constitute a useful
guide and reference for the on-going evolution of
the elnclusion and eAccessibility areas as well as
the Open Source Community across all
interrelated aspects of modeling, design and
development and evaluation. In specific, the
UCD approach as being defined and adopted by
AGIS project, may serve as a valuable practice for
similar initiatives that need to be user-centric in
order to achieve usable, useful and easy to
penetrate products in the elnclusion field and
beyond.

Finally, it should be noted that all core
outcomes mentioned and shortly described in this
paper, are public and can be downloaded from the
project web site (http://www.aegis-project.eu),
while are all considered working documents that
may undergo several updates and revisions,
following the progress of the project as well as th
evolution noticed in the open source accessibility
community.
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Abstract—Accessibility today is gaining more l. INTRODUCTION

an_d more ground, becoming a real nec_:gssity N The potential for the software development
daily living and every day needs. Authorities and  ,rq4ycts to improve people's lives and raise their
experts are putting a lot of effort towards gtandard of living is enormous. People with special
accessibility, ~especially in the software npeeds, including impaired motor skills, weak visual
application domain. Despite this fact the ICT acuity, and cognitive and learning disabilities ar
applications and systems are still not fully Jarge and growing community with increasing
accessible. interest in technology. They constitute a large

o o percentage of the on-line community (approximately
The main idea of the ACCESSIBLE project is to 10%), with the numbers expected to grow as the
contribute towards better aCCGSSibility for all online services improve_ Disable Community is an
citizens. This will be achieved by increasing the ynder-serviced market that demands the same
use of standards and by the development of an opportunities for Web access as everyone else.

assessment simulation environment, as well as, a The World Wide Web provides a wealth of

harmomz_gd methodology  that  links  all information, for the diverse user’'s population loé t
accessibility components. web, including users of all ages, educational Evel
and levels of computing experience [1]. It provides
opportunities to participate in society in ways
otherwise not available. The goal of Web
accessibility is to permit the maximum amount of
people to enter and use each Web site. Some Web
accessibility issues for the disabled community may
include one or more of the following:

The scope is to enhance the ICT products
accessibility in all applications in a broader fiedl,
by enabling large organization, SMEs or
individuals to produce accessible software
products.

In the current paper we will introduce the reader
in the general scope and results of e Inability to see, some or all of the information.
ACCESSIBLE project through the presentation

of the basic outcomes. Attention will be given to -
the evaluation methodology and plans of the ° Inabl_llty to regd, understand or process, somalor

ACCESSIBLE outcomes assessment, as well as,©f the information.

the Use Cases of the project, which illustrate the « |nability to use a mouse due to mobility
usability and the utility of the ACCESSIBLE limitations.

tools.

* Inability to hear, some or all of the information

Accessibility and ease of use for the elderly and

Keywords- accessibility assessment; elnclusion;lthe cflisabled haiﬁl_ttr_acted a ||°t of attentignb@,gi:f
UCD, evaluation, ICT. ast few years. This is strongly supported by

that an increasing number of governments are
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legislating towards promoting and enforcing eqyalit  In general, the vast majority of developers today,
of opportunity and of access for everyone withi@ thby "tradition” (if not as a compromise), insist on
economy and society (Inclusion) [2], including indesigning their artefacts for the typical or sdezhl
terms of access to ICT and the evolving Informatiofiaverage" users, trusting this as the best soluton
Society (eAccessibility) [3]. cater the needs of the broadest possible population

Soon after the appearance and earlghese are most probably the leftovers of last

developments of assistive technology, such asscre entury's anthropometry and the important role it

readers, special meraction devices, ec, rebewo PSS I ndsirl, deson,  clohing, desgn,
and practitioners realised that access to a comput@ 9 ' .

based system is often denied to large numbers 8POUt the distribution of body dimensions in the

potential users as a result of the system’s desgn. Population were used to optimize products.

the old days, it was widely believed that theUnfortunately, this approach when ported into the

interaction ability of an individual is simply swgjt design of ICT, it eliminates our chances offered by

to his/her functional characteristics. Yet, we nov&he. new _medium (digital) t‘.) provide more flgxible
understand that it is the design of system jpptimisations. In fact, this approach, typically

combination with the functional characteristics Ofemployed in user interface design for quite some

the user that renders the person able or unable ¥§&'S: leads into excluding numerous “outliers’,
interact with it. such as non-expert IT users, the very young or the

elderly, people with disability, etc. [[5], [6]]. &

Accessibility is not just a high-level theoreticalcomputers started to penetrate all aspects of our
goal. Currently, there are guidelines that welgveryday lives, and becoming a critical asset for
developers can follow so that their web sites aan ksocial inclusion, developers are eventually pushed
accessible. For instance, the Web Accessibilithy social or market needs towards broadening their
Initiative (WAI) provides guidelines, called the We user base, are often required to further "improve"
Content Accessibility Guidelines (WCAG), to helptheir artefacts so that these adhere to generalised
developers make their web sites accessible. Tlfge., average - again) usability and accessibility
United States Government offers similar guidelinegrinciples.
to web developers, which are included in the Sactio Clearlv. there i i t of k led
508 initiative. In addition, automated softwarel$oo carly, INeTe 1S Now a vast amount of knowiedge

have been developed, that are available to help tﬁlé(ailable in the international literature concegnin
' : é'nclusive user interface design. Knowledge that is

éncarnated in guideline sets, standards, corporate
guides, etc. Knowledge that is generic or specific,
for example for the elderly, or for web or mobile
interfaces, etc. As a result, developers are fopdtin
Unfortunately, it is a fact that the majority of difficult to locate and deploy effectively such
software development products and Web basdchowledge in their development process. For
information, facilities and services is unnecesgari instance, a web developer with no prior experience
inaccessible to people with certain disabilitiesin web accessibility engineering would find it
largely due to a lack of awareness of accessibilitgxtremely difficult to identify the differences
issues on the part of developers. Recent studies pobetween the WCAG 1.0, 2.0 and the Section 508
out that large percentages (70-98%, depending @uidelines, would be uncertain about the actuasyp
the category of site) of web sites are not acckssib of users affected by each particular guideline, and
Most websites have accessibility barriers that mak&ould be confused, the least to say, by most of the
it difficult or impossible for many people with checkpoints entailed. What happens if the developer
disabilities to use them. And most web softwaravould like to provide two alternative designs foet
tools are not sufficiently accessible to peoplehwit same task in order to cope with conflicting neefds o
disabilities, making it difficult or impossible for two user types? Not to mention that contemporary
them to contribute to the Web. Web accessibility igisers increasingly desire and expect the delivéry o
about removing those barriers so that people witinterfaces that are highly tailored to their owrede,
disabilities can use and contribute to the Web. and hardly compromise on rigid designs for some

before the sites are publicly posted [4]. Thes
software tools include RAMP, A-checker, WebAim
etc.
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imaginary "average" users. In such cases, how calomains of web applications, mobile-web
an inexperienced developer identify whichapplications, web services and Description
guidelines are most appropriate for each one of tHeanguages. Based on this Harmonised Methodology
alternative design? All these questions make cledihe accessibility assessment tools will be develope
the need for the envisioned methodology forovering the following fields:

harmonising design knowledge and rendering it easy
to understand and apply for modern ICT designers
and developers. *  Web services.

Web applications.

Thus, the development of software requires « Mobile applications.
specialised expertise and a strong effort from _
developers. With the additional encumbrance of ® Description Languages.
taking into account different kinds of accessipilit  To this end, ACCESSIBLE will exploit the
requirements, guidelines and best practices, andchnologies behind the recent expansion of
different implementation technologies (which byaccessibility tools and standardisation
themselves might pose severe problems afethodologies, in order to provide an integrated
delivering accessible applications), developers arsimulation assessment environment for supporting
faced with a daunting task. To this end, numerouge production of accessible software applications.
sets of guidelines to help developers produce
systems that are accessible and usable by eldetlya ! ACCESSIBLETOOLS PRESENTATION
disabled people have been recently proposed and putThe ACCESSIBLE develops and assessment
in practice. These range from very generamodule able to support the overall analysis and
guidelines to the very specific guidelines for Welverification in terms of accessibility for Web and
user agents, authoring tools, and content devedopermobile applications, Web services and description

Nevertheless, it is questionable Whethe}"’mgu"’IgeS (SDL, etc). The module, which takes

-~ T : : Input from the ACCESSIBLE knowledge resources -
providing guidelines is an effective method for CCESSIBLE ontologies  and  Harmonized

ensuring usable and accessible designs, since thﬁ thodol . q £ ind dent
usage alone requires specialised skills and simee t'V'€1000I00y- IS~ Ccomposed — Ol - Independen
ccessibility assessment tools in order to sughpert

provided guidance might be differently mterpreteoavera” accessibility assessment process. These

among developers and designers. Moreovef nent
designers and developers are often required totse:%ssessment tools are summarized in the subchapters
among a number of similar guidelines sets withou™@! follow.

clear understanding of which set is more suitabte f A. Web applications accessibility assessment tool
their specific task at hand. Ultimately, the highly —tne web Applications Accessibility Assessment
specialised skllls_ required for developing accdesib 1, (WAAT) is an integrated tool that provides the
software sets aside most developers. users with the ability to validate a web applicatio
To mitigate such problems, developers should bisom the accessibility perspective. In the contrary
guided in their development, as well as in theitvith the majority of the today’s market tools, the
assessment process about accessibility conceM&AT doing the evaluation according to the
within ICT development. Thus, developers need 8VCAG 2.0 guidelines, developed by WAL.
conceptual framework in which to situate disability Through the WAAT, designers and developers

related guidelings, which they often do not h.ave dUcan be assisted on accessible software application
to lack of experience with disabled population an‘gevelopment, through relevant guidelines on

their technologies. accessibility constraints, errors and warnings that
Getting started from this need, comes the idea @hould be taken into account.
ACCESSIBLE project, which develops for the first  1he 5q0pted evaluation framework allows users

time a reliqble and harmonized methodology aNfyevelopers, designers, testers, etc.) to perform a
accompanying tools for large-scale accessibilithersonalized accessibility assessment process,
assessment of products and services that cover ugh the selection of different accessibility
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constraints (e.g. different types of impairmentdl anconstraints, guidelines and rules that have been

disabilities, different sets of guidelines, pers)na incorporated in that specific methodology.
Thus the evaluation engine of the tool obtains the o 4,6 rovides to the designers a personalized
automatic tests corresponding to the set o

S . . cessibility assessment framework that can be used
accessibility requirements and constraints selectqE r the accessibility evaluation of Web services
by the user. The main view of the tool i$ depicted through the selection of different types of
;Tse ?r?grecgr'rggsolrzsdtir?gf] egggzsi?gl;{\;argtnoﬁ’ zl;:glrwalmpalrments and relevant acce35|blllty factors.
evaluated Web page are depicted in figure 2 lilhrough the tool the users can receive relevalu_t-fee

: back as well as the accessibility score concertiiag
detected accessibility errors and/or warnings that
must be taken into account.

. Web Accessibility Assessment Tool

a‘cessible

Applications Design and Development

This tool is wuseful for all designers and

Step 1 of 2: Please select among the following ewaluation criteria developers Who Wish to Create aCCeSSibIe Web
OH services. Accessibility guidelines concerning Web
O

services are introduced and they are mapped with
impairments. Therefore, the tool can perform

Page URL  [nitp.s

Settings

Bt o dlon —— evaluation that is oriented towards the impairments
© Chackna sntrswabss i Crsute i that a potential user may have.
. In figure 3 the main view of the Web Services
Assessment tool is depicted. This figure also depic
oA the Guidelines that are used in order to evaluate a
(7 Choose approaches using ACCESSIBLE harmonised methodology Web Seerce.

BB ACCESSIBLE WS Accessibility Assessment Tool

Next Exit

Figure 1. WAAT main window overview.

B resutts AE)

WCAG2

Evaluating Service: http://160.40.50.84/accessbleDemows2/Service2.asmx.

Guideline 12 Evaluation outcome

The WSDL files that define Web Services must
XML-based (WSDL) syntax, allowing for the
file from the

PASS

have correct
parsing of the WSDL
'e most common WSDL Parsers (e.g. Axis)

Evaluation outcome

et
pleted

Guideline T5.6 Fvaluation utcome

Figure 3. Web services accessibility assessmeit too
main window overview.

Accessibility score of the examined page(s) : 44.33 %

i copos o i C. Mobile-web applications accessibility
Figure 2. WAAT accessibility score for an evaluated assessmgnt tool o
Web page overview. The Mobile Web Adequacy and Accessibility

b . ibil | assessment tool is based on the incorporated HAM
B. Web services accessibility assessment too methodology. The user has the opportunity to

The Web services application assessment tool évaluate the mobile adequacy and accessibility
based on the incorporated Harmonised Methodologyssessment of Web pages against mobile web and
(HAM) that has been developed in the content oiccessibility constraints, guidelines and rulest tha
ACCESSIBLE project [1]. Thus, the user has théhave been incorporated in the HAM methodology,

opportunity to evaluate the accessibility assessmethrough the mobile access simulation availabldén t
of preferable Web services against accessibilitypol.
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The adopted evaluation framework allows usersuggestions  for  correcting the  detected
(developers, designers, testers, etc.) to perform shortcomings.
personalized mobile adequacy and accessibility
assessments, though the selection of diﬁere%ts
accessibility constraints (e.g. different types o
impairments and disabilities, different sets ofdgui
lines, personas). Through the tool the users can
receive relevant feedback on errors and/or warnings
that must be taken into account. This tool is Usefu
for all designers and developers who wish to create  sen:ere: rease seicetamonaetoonig caaionmetrosooges:
mobile adequate and accessible Web sites. The main

An overview of the description languages
sessment tool is depicted in Figures 5, 6 and 7.

. N ; SDL Application File Path:  \rojectsiariousiCamera_GUI_FShisdiCamera GUL_FOM pka
view of the tool and the list of errors and warrsing i |
for an evaluated Web page are depicted in Figure 4.
|| Mobile Adequacy and Accessibility ment Tool VO1 T lE |

File Mobile Access View

adcessibe

P Methodolos
Evaluate URL | Evaluate HTML File| .

T To—— Low Vision ~ | Disabity Type ® Choose approaches manually
- - () Choose approaches using ACCESSIBLE harmonised methodology
AssessURL | (7] Mobile Access AUT0 e FRE N BN REDIRECTION
F=r o
NC_FRAMES
[NON_TEXT ALTERNATIVES
OBJECTS_or_SCRIPT i o
Proxy |proxy di.fe.ul.pt Port [3128 PAGE_TITLE
‘ (i TBOE_UES
Default Set esel [TABLE_ALTERNATIVES . . - _pe
rasies wavort Figure 5. Web services accessibility assessmetht too

TABLES_NESTED

main window overview.

Testing URL: http://ww.sapo.pt

Waiting ......

srcT:i"/images/ica_highlights.png”

FAIL on 3.1

"srch:"/images/ico_news.png"]>
FAIL on 3.1

srem:n/images/ice_tickets.png"]>
FAIL on «14 i eleme:

"srct:"/images/ice_clientes.png”]>

i
fiFaIz on 3.14 img ele

"/images/ico_utilities.png"]
FAIL on 3.1

g ges/sapo_mail.png"]>
FATL on 3.14 img

<img ["height":"1i", "alg":"", "width"i"1", "src":"/track.php?utmac=MOE-11292298
FAIL on 3.14 img element with null 'alt' attribute

H - T __Evaluate | Cancel
Figure 4. Web services accessibility assessmeiht 00 Figure 6. Web services accessibility assessment too

D. Description languages accessibility assessment
tool

The description languages assessment tool allows
the accessibility assessment of SDL (Specification
and Description Language) application designs.
Accessibility assessment is performed on the basis
of the respective HAM evaluation approaches.

The selection of the evaluation approaches is
performed either manually or through the selection
of disabilities that are mapped onto guidelines and
evaluation techniques. The output of the assessment
tool comprises the evaluation result as well as
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application domain, to learn what the problem is
e about.” [9]. The aforementioned steps form a
structured methodological framework and conclude
to the extraction of the projects Use Cases.

A. Methdology

In order to extract the Use Case for a system to
be, a methodological framework needs to be
[ Suggestions | followed; despite the fact that the Use Case itself
not a methodology at all [10]. In the contrary, the
UC is a description to preview and analyse the
functionality of a specific system, aiming at
capturing the interaction between the user and the

= system being developed. Thus, the main purpose of
Figure 7. Web services accessibility assessmeift tof1e Use Cases is to present in a detailed and also
main window overview. clear and easy-to-learn way, the functional
requirements of a system. The Use Cases have the
il USeCASESDESCRPTION unique ability to help developers to understand the

When developing a system, within a researchalue that the system provides to its stakeholders
project that its scope and main purpose is to geovi [11]. In a simpler approach, the Use Cases describe
a solution to some problem in the user's environmemwho is doing what and when, and also what is
(the "application domain"), the Use Cases have expected from the system for each request. To this
critical role during the development process. Thend, the Use Cases comprise a powerful tool to
Use Cases are defined in order to provide theapture functional requirements for software system
developer with another assistive tool, which willto evaluate them [12].

have the potential to guide him/her, in order 10 |, 5 4er tg extract the ACCESSIBLE Use Cases,
achieve the purpose of the project, in a MOrge tgowed a structured methodology starting from
comprehensive and direct way. the User needs and System Requirements
A Use Case, as a description of an actor'Specification, as well as from the State of the Art
interaction with the system to be developed, ihbotSurvey  in  Accessibilty =~ Research. The
a description of the system's user interface and #CCESSIBLE Use Cases and scenarios of use have
indirect description of some functions that thébeen defined based upon literature review, on-site
system will provide, without showing how theseinterviews, technological benchmarking and iteeativ
functions are being achieved from the system (backonsensus building among key stakeholders.
end info). In short, as descriptions of the newAnother component that was added in the
system, the Use Cases present the proposed solut®@CESSIBLE Use Cases extraction methodology
to the problem in a simple and easy to understarwdas the link of the ACCESSIBLE personas to the
way [8]. respective Use Cases. The ACCESSIBLE personas

ve been derived from the findings of the

, h
Thus, although the Use Cases constitute essem,@?tCESSIBLE survey and extracted requirements

work towards the innovative ACCESSIBLE system L
development, other factors contribute also to thanOI have also been based and inspired by the £GIS

» . ; Personas. The personas have been drawn up and
system success. Additionally, the first step in the o yi0q 55 a5 topfit to the projects needs antll$bg
requirements-gathering process must be the stu

and description of the problem-environment, the ases expectations.

application domain. Thus, the initial step in the The final Use Cases, as they have emerged from
development of a system is to understand and stutlye prioritisation of the user needs survey, are
the problem instead of searching for the optiongbresented in this Chapter. In each Use Case the
solution from the very begging. So, before thdollowing fields have been defined, following and
researcher can effectively start building the sotut adapting the fully dressed template for the Use
to a problem, “first must concentrate on theCases description:
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Use Case Title. A short title that indicates the The Use Cases that have been extracted and

scope of the specific UC. described, following the aforementioned template,
Brief Description. This includes the Eg\rfelypeen separated in 5 different - categories,
description of the main use case, which is the ’

target of the user. » Category 0: Generic Use Cases

Application area. To which application area + Category 1: Web applications
of ACCESSIBLE the UC refers.

Relevant WP. In which ACCESSIBLE WP
the UC is being developed.

» Category 2: Mobile applications
Category 3: Web services
Scenario. The title of the various scenarios for Category 4: Description languages

which the UC is consisted. e Category 5: Visualisation (designer aid

Primary actor. This is the actor who initiates module)

the use case and triggers the system. The detailed list of the ACCESSIBLE Use Cases

L accompanied with a short description of each ane, i
Secondary actor. This is the actor that doe P P

not participate directly in the UC but is beingalven below.
affected indirectly. « Category 0: System administration

Priority level. The ‘essential’ and ‘secondary’ 0 UC 0.1 Administration

UCs are the ones that ‘have to _be1 tested in the The yser wants to register, login, logout and the
pilots tests, while the ‘supportive’ ones will n_register of the ACCESSIBLE application/tool.
be tested only if the specific UC is notThis "goal succeeds when the user obtains a
covered/tested through another UC. confirmation, accepting his/her registration and
System Input (trigger). This is the first becoming_an ACCESSIBLE user, then th_e registered
action/request that is provided by one actor. user gets in ACCESSIBLE services ambient and can
_ achieve the available services, afterwards the user
System Output. It is the feedback and thgyants to log out of ACCESSIBLE system and
reaction of the system to the Input (trigger). finally the user obtains a confirmation on his/bar

Resources required to perform the UC. SomEegistration.
UC may need specific resources like specific o UC 0.2 Standalone tool

licence, software, NETBEANS, involved user . )
equipment, etc. in order to be implemented The user wants to install and then un-install the

properly and to be functional. Stand Alone tool to his/her personal computer. This
goal succeeds when the user has the means for
Interaction step(s). Possible sequences eichieving this goal in terms of facilities and lé t
interactions to achieve the UC goal as seriesame time the required feedback from the system for
sequential steps of the system and the user. the successful or not completion of the

Connected UCs. This refers to any extensioffiStallation/un-installation.
or connectivity of the current UC to other o UC 0.3 Website Administration

UCs. The user intends to administer the Website's
Relevant ACCESSIBLE personas. Content, users, Forum and documents, and also to
access statistics regarding the created Assessment
Projects. This goal succeeds if the user has the
means for achieving these goals in terms of
Reference administrative facilities and at the same time the
required feedback from the system, for the
successful or not completion of administrative sask

Background info. Information that explain the
reason why this UC has been included.

Comments
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o0 UC 0.4 Ontology management The user wants to realise an in depth accessibility

sessment of mobile-Web content. This includes
Ont'[)flloegysehfgqugggsl tcSJurglCa;nea(lnge TP etﬁéciigrs Iﬁ; e Mobile Web Content assessment tool through

effectively performed the management of thdl€ incorporation of the HAM methodology. Thus,
- he user performs the accessibility assessment of
ACCESSIBLE ontologies. . ;
web content against mobile adequacy and
0 UC 0.5 Rules User Interface accessibility guidelines and rules that are

The user wants to define a new accessibilitfncorporated in the HAM methodology. The tool
assessment rule consisting of specific us rovides to evaluators a personalized accessibility

requirements and checkpoints and save it in a Seftssessmen_t framework of errors and warnings with
defined guideline of a self-defined standard. the accessmlllty SCOre, as_well as relevant guidan
and assistance on correcting the detected errars an

« Category 1: Web applications warnings and an EARL based report including
o UC 1.1: In-depth web application relevant information about the evaluation results.
accessibility assessment. o UC 22: Fast mobile-Web
The user wants to realise an in-depth accessibility accessibility ~ assessment  for
assessment of a Web application. This goal succeeds developers
if the user has effectively performed the accelisibi The user wants to realise a short accessibility

assessment of its preferable Web application througassessment of Mobile Web content. This includes
the selection of different categories of disal@ifiti the Mobile Web Content assessment tool through
and impairments, relevant personas and othee incorporation of the HAM methodology. Thus,
accessibility constraints. In the end the user houthe user performs the accessibility assessment of
receive a detailed list of detected errors andeb content against mobile adequacy and
warnings, the accessibility score, indicating thexccessibility guidelines and rules that are
accessibility level of the evaluated web pagescorporated in the HAM methodology. The tool
according to ACCESSIBLE tool, relevant guidanceprovides to evaluators a personalized accessibility
and assistance on correcting the detected errars agissessment framework with a detailed list of
warnings and an EARL based report includingietected errors and warnings and the accessibility
relevant information about the evaluation results.  score.

o UC 1.2: Fast web application o UC 2.3: In-depth mobile Java FX
accessibility assessment accessibility checker

The user wants to realise a fast accessibility The user wants to realise an in-depth accessibility
assessment of a Web applications. This goalssessment of Java FX script applications. Usiag th
succeeds when the user has effectively performefhva FX accessibility system, the user performs the
the accessibility assessment of its preferable Wedxcessibility assessment of a preferable Java FX
application through the selection of differentapplication against accessibility constraints. This
categories of disabilities and impairments, relévargoal succeeds if the user has effectively performed
personas and other accessibility constraints. én thhe accessibility assessment of its preferableRava
end the user should receive a detailed list ofafiete  script applications and receives a list of accdiyib
errors and warnings and the accessibility scorerrors and warnings, as well as, guidance to fxth
indicating the accessibility level of the evaluatechccompanied with an EARL based report including

web pages according to ACCESSIBLE tool. relevant information about the evaluation results.
» Category 2: Mobile applications o UC 2.4: Fast mobile Java FX
o UC 2.1. In-depth mobile-Web accessibility checker
accessibility assessment for The user wants to realise a fast accessibility
developers assessment of Java FX script applications. Usiag th

Java FX accessibility system, the user performs the
accessibility assessment of a preferable Java FX
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application against accessibility constraints. Thislevelopment of accessible software applications
goal succeeds if the user has effectively performdoased on the potential detected accessibility
the accessibility assessment of its preferableRMva limitations.

script applications and receives a list of accdggib

errors and warnings. » Category 5: Visualisation (designer aid

_ module)
» Category 3: Web services o UC 5.1: Disability Impairment
o UC 3._1:__In-depth web services Approximation Simulator
accessibility  checker for  the The user wants to have an embedded accessibility
developers

design for the development of Java Swing graphical
The user wants to realise an in-depth accessibilityser interface applications. Presenting an advanced
assessment of Web services. This goal succeedsdifability approximation simulator, “authors” can
the user has effectively performed the accesgibilitobtain a better understanding of the accessibility
assessment of its preferable web service and esceiconstraints for impaired users within a Java Swing
a list of assessment results (pass, fail) concgrnirapplication by simulating each element.
each web service guideline, the accessibility score
(level A, AA, AAA) that indicates the accessibility IV. EVALUATION METHODOLOGY
of the evaluated web service and an EARL based The Use Cases present the core of the
report including relevant information about theACCESSIBLE projects since they illustrate the
evaluation results. functions that the outcomes of the ACCESSIBLE
project should fulfil, as well as the interrelatiof
the system with the user. The evaluation of the
ACCESSILBE prototype will be done based upon
the aforementioned Use Cases. This evaluation is a
The user wants to realise a fast accessibilitgtep that has not yet been realised within
assessment of Web services. This goal succeedsA€CESSILBE, even though it has been planned in a
the user has effectively performed the accesgibilitUser Centred iterative  methodology. This
assessment of its preferable web service and eceivmethodology has been defined in the pilot plans of
a list of assessment results (pass, fail) concgrnirthe project and it is illustrated in the figure 8.
each web service guideline. The accessibility score
(level A, AA, AAA) that indicates the accessibility
of the evaluated web service. GRS

o UC 3.2: Fast web services
accessibility checker for the
purchaser

« Category 4: Description languages End users tests 1

o UC 4.1. Description languages [ Phase 1 Phase 2
accessibility checker for the i

developer

1% Assessment Getthe feedback Improve the 204 A, ment
of Pilot — [ —

The user wants to realise an in-depth accessibilit Appications Fem (2 spplstions [+ ot
assessment of SDL designs of applications. It i J— o
based on the use of the description language ity
accessibility assessment tool. The user (applicatio
designer) performs the accessibility assessment of H Improve the tools |-
the SDL design of an application against predefined
accessibility guidelines and rules. The tool presid
to evaluators an accessibility assessment framework

that can be used for the accessibility evaluatibn 0 thg gyajyation of the ACCESSIBLE tools will
SDL designs of applications through the selectibn q,olve the assessment and improvement of the

different categories of impairments and othef cesgibility level of a set of selected pilot
accessibility constraints. Through the use of tdo# t

designers can be assisted on the design and
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applications. The pilot applications are categarisestandards (e.g. WCAG 1.0, WCAG 2.0, MWBP

as follows: 1.0).
1. Internal applications that have been developed At least five (5) software experts will participate
by the project partners. in each of the concerned trials.

2. External applications that have been developed2. Evaluation from the technical perspectiyée.
by organisations outside the consortium who in terms of performance, software modularity,
will be invited to assess and improve the maintainability, extendibility, and functionality

applications accessibility levelith the support as measured and perceived by technical
of the ACCESSIBLE partners (tool evaluation teamshat will perform extensive
developers). tests and measurements as well as examine the

3. External applications that have been developed  source code of the different ACCESSIBLE tools.
by organisations outside the consortium and for Evaluation activities of this type will be
which  accessibility assessment will be exercised during Pilot Phase 2.
performed by the ACCESSIBLE partners. The The foliowing main groups of evaluation subjects
accessibility assessment results will then b@gye been identified:
communicated to these organisations.

The ACCESSIBLE prototype and implementedbeefr'] Software professionalgwho will not have

modules will be evaluated in a series of pilots thaACCESIg;/Igll_VEedt Im _thle d_devglopment Offt the
will be planned and realized within the running ools) including designers, software

period of the project. analysts, _developers, anq testers. The desired

_ ~ technological competencies include software

Three main types of technology evaluationynglysis and design, software development (Java,

activities are foreseen: C++, C#), software testing practices, knowledge
1. Evaluation from the developer’'s perspective management technologies, etc.

ie. in terms of functionality, performance,  sService administratorswith professional

reliability and usability as perceived by the usafrs : : : :
the tools. Evaluation activities of this type wie z)c(lpr)nei::iesrtlrcaetior:n ITservices maintenance and

exercised during Pilot Phases 1 and 2.
The evaluation subjects will be software At least ten (10) experts will participate in this

professionals that are active in the development dfial.

applications in the sectors relating to the fous, Evaluation from the end-user's perspective

ACCESSIBLE pilot application areas. = More  E|derly and disabled end-users will be invited to

specifically, 'the Q¢S|red_tephnolog|cal COmpetencie  5ssess the improvement of the accessibility level

should be identified within one or more of the 4t he applications that were tested using the

following five main fields: ACCESSIBLE tools.Evaluation activities of
a. Web applications development this type will be exercised during Pilot Phase
b. Mobile Web applications development 3.
c. Service Oriented Architecture (SOA) V. CONCLUSIONS

technology. and Web SeI’V.ICGS. developme.nt The need of accessibility and accessible design is
d. Design of applications using the pyrofound in all fields of everyday living and
Specification and Description Language (SDL)  activities, especially in the ICT environment. Efo
e. Java Swing Graphical User Interface (GUI) towards the awareness for accessibility have been
applications development thriving the last decade especially from the

For all the above cases, priority will be given toEuropean Union, as well as from USA. Various
professionals who are acquainted with accessibilityaccessibility guidelines have been developed in

related software development practices an@rder to fulfil the accessibility target especiaity
the web domain. This resulted to the non-
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standardized and non orthological development df!
the accessibility assessment domain, fact that snakrg]

the efforts for accessibility design form the

developers even harder.
To this end the ACCESSIBLE project has

developed a reliable and harmonized methodology
and accompanying tools for large-scale accesgibilite]
assessment of products and services that cover the

web
web

domains  of
applications,

applications, mobile-web
services and Description

Languages. In the current paper the aforementioned

tools have been illustrated and described in short.

For the evaluation of the usability, the utilitydan
the wuser satisfaction for
prototype, the evaluation of the tools is needdte T

evaluation phase is based upon the project's Use

the  ACCESSIBLE;

Slatin, J., & Rush, S. (2003). Maximum accessipilit
New York: Addison-Wesley.

C. Stephanidis, G. Salvendy, D. Akoumianakis, Nva3g

J. Brewer, P.L. Emiliani, A. Galetsas, S. Haatdja,
lakovidis, J. Jacko, P. Jenkins, A. Karshmer, PrnkKé.
Marcus, H. Murphy, C. Stary, G. Vanderheiden, G.
Weber, and J. Ziegler, Toward an Information Sgcfet
All: An International R&D Agendalnternational Journal

of Human-Computer Interactioii0(2) (1998).

C. Stephanidis, A. Paramythis, M. Sfyrakis, A. §teu,
laou, A. Leventis, G. Paparoulis and C.
Karagiannidis, Adaptable and Adaptive User Intezfac
for Disabled Users in the AVANTI Project. In S. dita,
A. Mullery, M. Campolargo, H. Vanderstraeten and M.
Mampaey (eds.), Proceedings of the 5th Internationa
Conference on Intelligence in Services and Networks
IS&N '98), = “Technology for Ubiquitous
elecommunication  Services”, Antwerp, elgium.
Lecture Notes in Computer Science (vol. 1430) Smiin
Verlag, Haidelberg, Germany, 1998.

Chalkia Eleni, Evangelos Bekiaris, Rui Lopes, Késto
Grammati-Eirini and Luis Carrico, “Harmonisation of
acc.eSS|bI|t¥ components in the content of “accéssib
project,” ETAPS Conference, Cyprous, 2010.

Cases that have been presented in the current. papgr Fer% Stephen, ‘What’s wrong with use cases?’, 2003,
|

Following a structured and already successfully
implemented methodology, we were guided for
the user need and the system

the correlation of them with all the accessibility

components through the Harmonised Methodolog;ﬁl]
to finally extract the ACCESSIBLE Use Cases. Theiz

ACCESSIBLE Use Cases cover all the field of the
project and fulfil all the wuser needs and

requirements. [13]

Finally, the ACCESSIBLE prototype is going to

be evaluated using the aforementioned Use Cases,

following the iterative, user oriented

evaluation strategy.

3step,
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Abstract—The present paper introduces a We all get older and our needs change with age.
framework that enables the simulated Hearing, vision, mobility and strength impairments
accessibility evaluation of ICT and non-ICT are common to the aging process. Goods and
products and services at all the stages of the Services can and should be designed to meet the
development. The proposed framework is based Needs of a wide range of people, including those
on an innovative virtual user modelling With dlsab!htles_._ Product designs can be changed,
technique describing in detail all the physical PutPeople’s abilities or age cannot.

parameters of the user with disability. The The lack of non accessible products can cause
proposed user modelling methodology generates large productivity losses, with many people being
a dynamic and parameterizable virtual user unable to fully participate at work, in educatian,
model that is used in a simulation framework to in a wide range of economic and social activities.
assess the accessibility of the designs.People’s choice of leisure activities may be naerow
Experimental results illustrate the use of the thanitotherwise could be. Thus, itis a techniuialg
proposed framework in a realistic application challenge to provide senior citizens with systems

scenario. that could foster the different facets in the pptics
of quality of life. These systems should improve th
Keywords-accessibility ~ evaluation; user level of independence, promote the social
modelling; task modelling; simulation; UsiXML; relationships, leverage the immersion in the
virtual user environments and encourage the psychological and

physical state of the person.

: !NTRODUCTlON_ The design solutions needed include both
_As global populations are growing older, togethefedesign of existing products and innovation of new
with an increase in people with disabilities [36le  products to satisfy user needs in an efficient and
moral and financial need for “designed for all” [3] effective way. Improvement in existing daily-life
products and services becomes obvious. Design faguipment or invention of new utilities is morerha
All means developing mainstream products ang matter of intention and good will. It should be
services so that as many people as possible can yged upon and inspired by knowledge of the
them easily. This does not mean that manufacturegharacteristics of the intended users, i.e. theiitk,

are expected to design every product to be usable Reeds, capabilities and limitations relevant to the
every consumer - there will always be a minority ohandling of products and services.

disabled people with severe impairments who need _ _ _
adaptations or specialised products. But when Virtual User Modelling can play an important
Design for All principles are adopted, fewer peoplé®l€ in human-centric design of products and

will require specialised and expensive alternativeervices. Generally, a Virtual User Model aims to
equipment. replicate the human body in form and function as

o ' __realistically and accurately as possible. Virtuaket
The excuse that it is people’s specifiqodels can be used to refine designs before

characteristics that prevent them from usingyototypes are needed, shortening design timeeto th
mainstream goods and services is not acceptabl@arket and reducing costs.
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Even if there have been some limited and isolated0] as user model exchange language. UserML is
attempts [24][30] to support accessibility testimfiy based on an ontology that defines the semantics of
novel products and applications, there is a claelk | the XML vocabulary (UserOL).
of a  holistic framework that supports
comprehensively virtual user modeling, simulatio
and testing at all development stages. The pres

paper presents a framework that performs automa cumented design practice [4], [8], [22], [23]6]2

simulated a_ccessibilit_y evaluation bas_ed on a NeW. it et al. [26] claim that currently there are n
user modeling technique. The great importance %f

. . xplanations of why many prefer to develop
suchaf_ramework ||_es_ fo the fact th_at It enabHBtpersonas, instead of focusing directly on the
automatic  accessibility evaluation of any

: o . cenarios that describe the actual work processes
environment for any user by testing its equivale

virtual environment for the corresponding virtual at the design is intended to support. However, - a

user. Moreover, the main innovation of the proposeOtentlal candidate to a theory of using ‘persoimas

N design is, according to Pruitt et al. [26] the Ghe
framework lies in the fact that, the Whol'e framekv.or of mind’ that says that we, as humans, always use
is based on a new virtual user modelling techniqu

includin hvsical niti nd  behavior I/8ur knowledge of other people’s mental states to
Including physical, —cognitive  a enaviorali, o gict their behaviour [2B0, after HCI researchers
ps_ycho_loglqal aspects and parameters of t_he USFve struggled for years to expand the original
with disability. The proposed technique is not,,q,iive nasis for HCI to include a concept of the
constrained in static modelling of the virtual ubat

X . i cfividual’s environment [9], [33]a renewed focus
generates a dynamic and parameterizable user m(?é%“l mental representations seems to arise from

including interactions that can be used directly iNasearch as

The use of “personas”, which are empirically
"hased abstract descriptions of people has gained
ﬁpularity and has been developed into a well

well as from experience from design

simulation frameworks, adaptive interfaces an?)ractice
optimal design evaluation frameworks. '
In the context of cognitive modellin§OAR [28]
Il RELATED WORK offers a general cognitive architecture for

Different user model representations have beeteveloping systems that exhibit intelligent behavio
proposed in the literature using different syntaxel defines a single framework for all tasks, a
and implementations, varying from flat file mechanism for generating goals and a learning
structures and relational databases to full-fledgeshechanism. Moreover, a single representation of
RDF with bindings in XML. permanent and temporary knowledge is provided.

OntobUM [27], the first ontology-based userAII decision computations are made through the

) ; ; ..combination of relevant knowledge at run-time.
modelling architecture, was introduced by Razmerit nother popular cognitive architecture ACT-R

et al. in 20030OntobUM integrated three ontologies: 1], which is based on the distinction between

a user ontology characterizing the users, a domasﬂe’ . .
.~ : . clarative and procedural knowledge, and the view

ontology defining the relationships between th(?hat learning con%ists of two main pr?ases. In itlse f

gg;isn(i)gallza}[trllzn aspe%l:g%tt'iggs’ gfnd l?selr(?g ol?ctg![?ogn)f)hase the declarative knowledge is encoded and in
) 9 S PPUCALON, - second it is turned into more efficient progatu
interaction. A similar, but way more extensive

approach for ontology-based representation of thkenowledge [21].

user models was presented in [12EUMO, Virtual User Models are already used in

probably the most comprehensive publicly availabl@pplication areas such as automotive and aviation
user modelling ontology to date, is proposed ir.[11design. The RAMSIS human modelling tool [20] is

The need for a commonly accepted ontology for us@urrently used in the design of automobiles in @&bou

models is also justified. These works are naturaeventy percent of auto-manufacturers. SAMMIE is
extensions of earlier works on general usea computer aided human modelling system that
modelling systems [13], [14], [16]. represents a widely used tool to accommodate the
needs of a broad range of differently sized and
%haped people into the design of products [29].
SAMMIE has been successfully developed and

XML-based languages for user modelling hav
also been proposed. UserML has been introduced
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employed in a large number of industrial,
commercial and government projects. However, the
successful use of tools such as SAMMIE is often
constrained by the need for ‘expert’ users.
HADRIAN [19] is another computer-based inclusive
design tool that has been developed to support
designers in their efforts to develop products that
meet the needs of a broader range of users.

Virtual User Model

.  MODELLING FRAMEWORK

In order to support the automatic accessibility
testing of ICT and non-ICT services and produtts, i
is essential to create machine-readable description
of the disabled user and the tasks that the usdalés Figure 1. A Virtual User Model describes all the
to perform, as well as formal descriptions of theossible disabilities of the user, the affected thg
products and services to be tested. The preseat pagisabilities tasks, the motor, visual, hearing, espe
introduces the concepts of Virtual User Model, Taskognitive and behavioural user characteristics el as
Model and Simulation model, respectively, allSOme general preferences of the user.
expressed in UsiXML format. The universalA Virtual User Model includes:
description of User, Task and Simulation Models
with the extensible UsiXML language is a major® G€neral user preferences
step towards the interoperability and practical o e.g. preferred input/output modality,
implementation of embedded accessible product unsuitable input/output modality, etc.
solutions. In the context of the proposed framework
the aforementioned models are used by the cofe
component of the proposed framework, the 0 e.g. arthritis, glaucoma, etc.
Simulation Module.

» Affected tasks

More specifically, the Simulation Module gets as . .
input a Virtual User Model (describing a virtuakeus 0 e.g. grasping, driving, etc.
with disabilities), a Simulation Model that desesb « Motor parameters
the functionality of the product/service to be ¢est
the Task Models that describe in detail the complex
tasks of the user and simulates the interactiahef
virtual user (as it is defined in the Simulationdé) « Visual parameters
within a virtual environment.

A. Virtual User Model .
. . . * Hearing parameters
A Virtual User Model (Figure 1) describes an

instance of a virtual user, including users 0 e.g. resonance frequency, etc.
preferences, needs and capabilities and is modelled Speech parameters
through an extension of UsiXML.

Disabilities

0 e.g. wrist flexion, forearm pronation, hip
abduction, etc.

0 e.g.visual acuity, contrast sensitivity, etc.

0 e.g. voice pitch, syllable duration, etc.
» Cognitive parameters
0 e.g. memory, etc.
* Behavioural parameters
0 e.g.valence, emotional intelligence, etc.

Despite the fact that the proposed structure of the
Virtual User Models is designed to include motor,
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visual, hearing, speech, cognitive, and behaviourahto. Figure 2 presents a schematic description of
disabilities, currently only motor disabilities arethis task model and Table Il depicts how it coudd b
supported by the proposed Simulation Platformexpressed in UsiXML format.

described in section IV.
B. Task Model

Open_Ing_ draver

& &

-

-,

=S e

* "

The task models describe the interaction betweg
the virtual user and the virtual environment. The
population of the task models is based on thpe

analysis of:

Find_lolp_drawer|M0ve_\eﬂ_han'd_lo_top_drawer\prasp_top_drav'vér with_left hand\F‘uH_top_drawér with_lfi_hand]

Figure 2. Task Model example — The root node
presents a complex task while the leaf nodesept

primitive tasks. The arrows between the primitiaskis
User Actions/Interactions: motor, cognitive mean that the primitive tasks should be executed

and sensory abilities, such as the user’s abilityeauentially.

to handle a specific task (e.g. to overcome
narrow
passageways in the construction area), to

physical obstacles such as
perceive visually presented information to

select objects on a specific user interface, etc

Domain knowledge and relevant attributes
with respect to the contents of application
scenarios such as automotive, smart living
spaces and building, domotics, infotainment
health, etc.

User tasks are divided into primitive (e.g. grasp
pull, walk, etc.) and complex (e.g. driving, teleple
use, computer use, etc.). For each complex task
Task Model is developed, in order to specify how
the complex task can be analyzed into primitive
tasks (as they have been defined by th
designers/developers according to the functionalit
of the prototypes to be tested in terms of

accessibility). For the development of the task

models of the proposed framework tteskModel
element of UsiXML is being used.

TABLE L. A COMPLEX TASK AND ITS PRIMITIVES

TASK MODEL EXAMPLE —USIXML
FORMAT

TABLE II.

<?xml versior="1.0" encoding"UTF-8"'?>
. <taskmodet
<taskid="stOtaskO name"Open_top_drawér
type="abstractiot™>
| <taskid="stOtaskI name"Find_top_drawer
type="interactiori/>
<taskid="stOtask?2
name"Move_left_hand_to top_drawer
type="interactiori/>
étaskid:"stOtaskB

. name="Grasp_top_drawer_with_left_hahd
type="interactiori/>
<taskid="stOtask4
name="Pull_top_drawer_with_left_hafid
type="interactiori/>
</task>
<enabling
<sourcesourcela"stOtask/>
<targettargetld="stOtask2/>
</enabling’
<enabling
<sourcesourcela"stOtask2/>
<targettargetld="stOtask3/>
</enabling’
<enabling
<sourcesourcela"stOtask3/>
<targettargetld="stOtask4/>
</enabling’
</taskmode#

D

Complex o
task Primitive tasks
Find top drawer (visue
Move left hand to top draw:
Open top (motor)
drawer with ™" Grasp top drawer with left hai
Ieft hand (motor)
Pull top drawer with left har
(motor)

Table | presents an example of a complex task

and the primitive tasks in which it could be analyz
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C. Simulation Model

A Simulation Model refers to a specific product
or service and describes all the functionalitieshef
product/service as well as the involved interactior
with the user, including all the different interact
modalities supported. The Simulation Models are
also expressed using th@askModel element of
UsiXML.

Warkplace_simulation

i) 1 i)

W

o e p— | o ___4

| % Disabilifies

[E=8 ol

Type Name Details

Disability No.1: | Artnritis ‘vl [For some unknown reason, the immune system of the Dody star
L s to altack body tissues. The aftackis not only directed atthe joi |_
inl but to many other parts of the body. Most damage occurs to th

I joint lining and cartilage which eventually results in erosion of

0

Disability No.2 : ivl "A cataractis a clouding of the normally clear and transparent lens
[fthe eye_ Itis nota tumar, a new growth of skin or issue overthe &

lve, but a fogging of the lens itself.

|cataract

Disability No.3 : |undefined \v!

Disability No.4 : | [~] [

Disabilty No.5: [Undefined || |

| OK “ Cancel |

Open_top_drawer QOpen_hottorm_drawer Use_'keyboard Usel_mnuse

Figure 3. A Simulation Model example representin
all the possible tasks that can be performed ionancon
workplace interior, which includes a stack of dresvend
a computer. The tasks of the same level are coehect
with choice relationship, which means that oneheftivo
can be executed at a time.

Figure 3 presents a simulation model referred to
workplace interior including a stack of drawers ang

a computer. According to this simulation model, the

Figure 4. Virtual User Model Generator — Add/Edit
isabilities form. The designer can easily defime type,
he name and the details of all the possible ditiabi

| £:| Wrist parameters = B =
Flexion : i 'U_D | degrees max : .75_0 | degrees
Extension: min: '%_D_EI__l degrees max : !-Qp | degrees
| OK | | Cancel |

interaction between the user and the environment Figure 5. Virtual User Model Generator — Edit motor
includes the opening of the drawers as well as tHearameters example form. The designer is able fioede

keyboard and mouse use.

the range of wrist’s flexion/extension for each dhahthe

user.

D. User Model Editor

In order to enable the automatic generation o
Virtual User Models in UsiXML format and, thus,
enforce the proposed virtual user modelling
methodology, a software tool has been develope
The graphical user interface of the User Mode
Editor includes a set of forms (Figure 4, Figure 5
enabling the setting/editing of every parametehef
Virtual User Model. Moreover, a preview of the
generated model is offered, as depicted in OLoa
capability of previously saved Virtual User Models
is also offered.

| Virtusal User Model creation

Edit Virtual User Model
Disabiities Ednt

Virtual User Model Preview

General Edit
Motor Leﬁ hand b, 7 Eant
Vision Edit
Hearing Edit
Speech Edit
Cognition Edit

Behaviour Edit

Figure 6. Virtual User Model Generator — Model

Preview. The preview window presented to the right
offers the designer a generic view of the generated
Virtual User Model.



IV. SIMULATION PLATFORM simulation that aims to assess if the virtual user
A Virtual Environment able to acco_mplish all necessary _actions desciibed
' the Simulation Model, taking into account the
The proposed framework performs automati¢onstraints posed by the disabilities. Even if the
simulated aCCGSSibility evaluation in virtual proposed framework is designed to include
environments, thus virtual environments have to bgognitive, behavioral and physical disabilitiesthie
developed according to the specifications of tf& represent work, first results on the modeling and
ones to be tested. The virtual environment is ised simulation of motor arm disabilities are reported.
the Simulation Module, which is the core module oKimulation planning is performed using inverse

the proposed framework and performs the evaluatiggnematics, while dynamic properties of the human

process. limbs (e.g. forces) related to the corresponding
5 T e actions (e.g. grasping) are obtained using inverse
1 dynamics.

The simulation module is parted of three basic
elements: a) the scene module, b) the humanoid
module and c) the task manager module (Figure 8).
The scene module is responsible for the
representation of the scene and the management of
all the objects in it. The humanoid module représen
the human model and controls the humanoid’'s
movements. The task manager module defines the
interactions between the humanoid and the scene
objects in a specific manner defined by the task

Figure 7. Virtual environment example represening models. The modules are further explained in the
common workplace interior, which includes amongo|iowing paragraphs.

others a stack of drawers and a computer. The dsawe

opening task as well as the computer use could be

simulated in the proposed Simulation Platform for Task Manager
different Virtual Users. Module

Figure 7 depicts a virtual environment

representing a common workplace interior, which
includes among other a stack of drawers and a

computer.
It is obvious that the credibility and the accuracy
of the simulation results lie on the detailed Humanoid . | Scene
representation of the virtual environment, whichi wi Module Module
be given as input to the Simulation Module.
1) Simulation Module Figure 8. The basic elements of the simulation rfeodu

The Simulation Module gets as input a Virtual The sjmulation implementation is based on the
User Model (describing a virtual user with peta3p open source gaming and simulation engine
disabilities), a Simulation Model that describes th [5]. Open Dynamics Engine [32], as part of Delta3d
functionality of the product/service to be testf 5" sed for its collision detection methods and for

tasks of the user and a virtual 3D enwronmen([forceS and torques).

representing the product/service to be testedheh t
simulates the interaction of the virtual user (ass i
defined in the Simulation Model) with the virtual
environment. Then the specific disabled virtualruse
is the main *“actor” of the physically-based
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2) Scene module bone’s volume. A primitive geometry shape (box,
The scene module is responsible for creating thgphere or capsule) is attached to each bone, vigich
scene, adding the objects in it and defining theirepresenting the human part flesh and is used for

special attributes. collision testing purposes (Figure 9).

The scene is modeled by two sets of objects:
static objects and moveable objects. Both objects
have geometry (volume) and visual representation
(textures). Static objects do not have mass ang
cannot be moved by the humanoid. On the othe
hand, moveable objects are modeled as rigid bodies
having properties like uniformly distributed mass
over their volume (constant density), linear and
angular velocity. Complex objects, can be modeled
by using a combination of static and moveable
objects, and manually defining the degrees of
freedom of the moveable parts.

Special points of interest (POI) can be declared
on the objects to best define the type of inteoacti
with the humanoid. These points can be used to hel
the humanoid to interaction with the object, bugyth
do not define the interaction. Their only purpose i  Figure 9. Humanoid avatar: the collision primitive
to decrease the complexity of the task. l()gd#[as (left image) and the humanoid final reprizgem

right image).

As an example of a complex scene object, it will J . g : . .
be mentioned the case of a stack of drawers. Each | n€ joints restrict the movement of their attached
drawer can be modeled as moveable object. THPNES and have properties like:
stack-base does not move, and thus can be modeleda) rotational degrees of freedorthese define the
with a static object. Two POI can be also assigoed rotational axis in which the attached child bone is
each drawer’s handle-knob to help the humanoidble to rotate relatively to its parent. Every jaan
interact with the object. have one to three degrees of freedom.

Collision b_etwe_en the objects and properable b) minimum and maximum angle per degree of
contact reaction is fully supported by the scenéreedom basically, these two angles constrain the

module. A moveable object can collide with either aange of motion of the attached bones (and their
moveable/static object or with the humanoidbody parts).

Various attributes such as surface object material - : -
¢) minimum and maximum joint torgulese are

properties need to be defined for a realistic ifyitt )

model. In order to decrease the dynamicatilneagiittract representation of the muscles attached
complexity of the scene, gravitational forces can b Joint.

applied only to the moveable objects. Currently, the model supports two basic modes:

3) Humanoid module kinematic and dynamic. In kinematic mode, the

The human is modeled by a skeletal model that fumanoid moves by directly changing the position
represented by a set of bones and a set of jaints,2Nd orientation of each bone part per time step.
total of 46 bones and 45 joints compose thé:orward and inverse kinematic (IK) techniques are
humanoid's skeleton. The skeletal model i%upported: the kinematic model can be moved either
following a hierarchical approach, meaning thaheac?y Manually changing a set of specific joint angles
joint connects a child bone with its parent one®' PY finding the change in these angles by using a
Basically, the bones are modeled by rigid bodiednVerse kinematic chain. The latter has as inpet th
having r,Jroperties like mass, volume, position,inal position and/or orientation of its end efi@gt

velocity etc. The mass is distributed uniformiytfie ~ ©-9- hand, and computes the angles of every joint i
the IK chain, e.g. elbow and shoulder joint.
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In dynamic mode, the humanoid changes its stateechniques are applied at this step so that the
by applying torques at each joint. As above, fodvarhumanoid geometry does not penetrate its own
and inverse dynamic techniques [6] are supported. eElements or any scene object. If a path cannot be
the forward dynamics case, the joint torques arund after a number of iterations in search space
manually set. Inverse dynamic techniqueshen the task manager reports task failure to the
automatically compute the torques that need to ks/stem.
applied at the joints in order to achieve a specifi
motion.

Compute movement path

Create movement path (using
taskModlel, applying collision
avoidance techniques...)

Collision Detection

Check for collisions and
compute impact forces.

Various high level motion planning and collision

avoidance techniques are supported by the humanoid e m
module. Configuration space [18] and structures tha : e

define and explore it, such as rapidly exploring v Human Dynamics
random trees [17] and multi-query planners [31] are S’:‘:m""::j“f'““"fs £ | set (or compute via Inverse Dynarmice)
. . Sy - N h f each joint. The joil
extensively used in order to compute a non coljdin Kinematic) te targe. > arply forces tothe bons syser,
path for the humanoid_ angee ji?:t A Compute bone velocities and move
the bones.

4) Task Manager Module Figure 10. Block diagram of the simulation cycle

The task manager module is responsible fogoweq by in dynamic mode. The simulation cycte i
managing the actions of the humanoid in order tpspeated until every primitive task is completed eAch
provide a solution to a given task. After splittith®  step the task manager module tests and repotts taser
complex task to a series of primitive tasks, trskta if a constraint (i.e. angle/torque limit, collisioatc.) was

manager instructs the humanoid model to perform Aolated.
series of specific movements in order to accomplish After that

them. the task manager, provides the

humanoid model with the current target
Primitive tasks, like reach, grasp, pull, push, areonfigurationCis. The humanoid gets the provided
translated via the task manager module to series ofnfiguration and applies to it a set of restricsip
specific motions and are inserted to the humanoisuch as joint-angle restrictions. Angle-constrained
module for application. There are several ways dhverse kinematics methods are used in order tb fin
mapping primitive tasks to humanoid movementsa new configurationCeonstrain that is close to the
For simple tasks such as reach, the usage of mvetsrgeted oneGasy. Ceonstrain CONtains a target angle
kinematic chains produces satisfactory results. Fdor each of one of the joints. If the difference
more advanced primitive tasks such as grasp-objettetweenCiask and Ceonstrain IS @bove a limit then the
pull-object, specific solvers must be implementedTask Manager reports failure. The difference metric
Currently, solvers for grasping and push-pull taskthat have been tested are: a) average distante of t
have been constructed. Their input are somgints’ positions inCisk and Ceonsrain D) average
predefined POls (see scene module’s descriptiondistance only end effectors’ positions, c) average
section IV, paragraph B.1) of the manipulated scengngle absolute difference of each joint angle.

object. Having a target angle for each joint, the system

At every step, the task manager, as supervisapmputes via inverse dynamics the torques that need
checks for task completion and reports to the aysteto be applied at each joint and set the attached$o
if something went wrong. The cycle pattern that isn motion. If the computed torques’ values exceed
followed at each simulation step in the dynamid¢he predefined limits, the task will fail. This ptés
mode is shown in Figure 10. valid only when simulation is running in dynamic

More precicely, at the start of the cycle, the Tas ode. In kinematic mode, th's step is omitted and
e targeted angles are set directly.

Manager module generates a series of moveme
(i.e. movement path) for the humanoid to follow. V. EXPERIMENTS
Every state of the generated path must contain

information about the target configuration of theco&?dobrgelzsteod ?EOV\r/aEt(i)c\?é tgi gggeszggnf;irgﬁg?ﬁ
bones and joints Cyse Collision avoidance P '

presented in this section. According to the scenari
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a designer of a common workplace interior performsorkplace regarding only some of the disabilities
accessibility evaluation of a prototype for diffietre described in the Virtual User Models. More
virtual users with disabilities. specifically, as depicted in Table IV, the virtual
- . - users with rheumatoid arthritis and adhesive
The designer initially develops the Vlrtualﬁhoulder capsulitis, respectively, failed in alleth

workspace prototype presented in Figure 7. The : - . .
using the Virtual User Model Editor, the designel.IaSkS' Wh'Ch means that the specific environment is
inaccessible for them.

generates five Virtual User Models, whose
problematic physical parameters are presented in The virtual user with spinal cord injury was able

Table Ill. Two Task Models describing the openingo perform all the tasks successfully, except fthm

of the top and bottom drawer, respectively, werepening of the bottom drawer when the drawers
developed in the context of the experimentalvere below the desk. Finally, the simulation result

scenario (in a similar way such as the Task Modedhowed that the virtual environment was fully

presented in Figure 2). Finally, a simple Simulatio accessible for the virtual user with hemiparesid an

Model describing the interaction of the Virtual Use the elderly virtual user, as they completed all the
in the specific virtual environment will be used totasks successfully.

assess the accessibility of the designs (Figure 11) V. DISCUSSION

The proposed framework is seen to be very

W promising as it enables the simulated accessibility

. : evaluation of products and services for any possibl

o y - disability but it should be mentioned that the
Cpen_top_drawer_with_left_hand Open_bottom_drawer_with_lefi_hand

credibility of the simulation results lies on thetail

Figure 11. The tasks that the Simulation Platforith w and the scientific accuracy of the models given as
simulate for the Virtual Users are described bytthe input to the Simulation Module as well as the detai
leaf nodes. of the corresponding virtual environment.

The opening of the top and bottom drawer (as Currently the humanoid is represented by a
described by the Simulation Model of Figure 1l)kkeletal system. Future extensions of the proposed
was simulated for all the virtual users in twoframework will be examined, in order to support a
different scenarios. In the first scenario, thenti® muyscle system applying forces and torques to the

were on the desk while in the second one thgones and, thus, offering more realistic simulation
drawers were below the desk. results.

The results of the simulation process clearly
revealed accessibility issues of the specific

TABLE . VIRTUAL USERMODELS- DETAILS
Physical characteristics | Normal | Rheumatoid | Spinal cord | Adhesive Hemiparesis | Elderly
values | arthritis injury [7] shoulder [35] man
[25] capsulitis [15] 75-79[34]
Wrist flexion ©) 0-60 0-62
Wrist extension) 0-60 0—67.48 0-53
Shoulder flexion9) 0-180 | 0-10 0-118 0-20 0 —53.39
Shoulder abductiorf) 0-90 |0-15 0-74 0-10
Shoulder internal rotation| 0 - 90
@)
Shoulder external rotation] 0 - 50 0-15 0-31 0-10
@)
Forearm supinatiorf 0 -85
Elbow flexion {) 0-150 0-91.09
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TABLEIV.  SIMULATION RESULTS
Rheumatoid 3 - Adhesive shouldet : 3
Task arthritis Spinal cord injury capsulitis Hemiparesis Elderly
Open
top
drawe _ _
' E;Tuﬂfﬂogﬁgﬁﬂér Simulation result: FSW_tpuIaﬂogf:es:alt: Simulation result; | Simulation result:
. P Success allure — shouider Success Success
kd joint limit joint limit L
bl e
g (al) (b1) = (d1) (e1)
:
5
g
Open
botto
m
drawe : ; . Simulation result:
r Simulation result: | gy ation result: Failure — Should Simulation result: | Simulation result:
Failure — Shoulder ailure — Shoulder &
joint limit Success Wrist joint limit Success Success
d2 e2
Open
top
drawe ’ h
r Simulation result: | ;1 1otion result: | Simulation result: Simulation result: | Simulation result:
. Failure — Shoulder Success Failure — Shoulder Success Success
g joint limit (b3) joint limit (3)
d3
3 (a3) (c3) (@3)
g
4
=
5
q
Open
botto
m
drawe | Simulation result: - - . - - .
r Failure — Shoulder Simulation result Simulation result Simulation result: | Simulation result:
& Elbow & Wri Failure — Wrist joint| Failure — Shoulder & Success Success
joi‘;"t"“mit rist limit Elbow joint limit
d4) (e4d)
b4 (
@) (b4) (c4)
modelling technique. The great importance of such a
framework lies to the fact that it enables the
Vil. - CONCLUSIONS automatic  accessibility evaluaton of any

The present paper proposes a framework thahvironment for any user by testing its equivalent
performs automatic simulated accessibility tesbhg virtual environment for the corresponding virtual
designs in virtual environments using a new useauser.
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Abstract—This paper analyses the design and I,
architecture of the JME Accessibility framework
indicating the appropriate implementation
solution.

ACCESSIBILITY FRAMEWORK

A software framework is defined as “an
abstraction in which common code providing
generic functionality can be selectively overridden
or specialized by user code providing specific
'functionality” [1]. A framework is a special casé o
' software libraries that they are reusable abstrasti
of code wrapped in a well-defined API; yet they
contain some key distinguishing features that
separate them from normal libraries. One of the
AEGIS intentions is to provide the accessibility

Keywords: Accessibility, APIl, mobile, devices
design,architecture, TCP/IP, events, notifications
accessible, messages.

I INTRODUCTION

including platforms,
Machines. This work is partially being held in the
context of the AEGIS IP project (Open Accessibility
Everywhere: Groundwork, Infrastructure, Standards;
http://www.aegis-project.eu) of the 7th European
Framework Programme seeks to determine whether
3rd generation access techniques will provide amor
accessible, more exploitable and deeply embeddable
approach in  mainstream Information and
Communication Technologies (ICT).

This paper describes the architecture of the Java
Micro Edition (JME) Accessible framework and
depicts the JME software layers by introducing
possible difficulties for the development proce$s o
the Accessibility Mobile framework.

It mentions concisely the implementation
approaches which were considered during the design
phase of JME Accessibility framework and analyses
the types of messages (notifications) will be
provided by the accessible custom graphical user
interface (G.U.l.) components.
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code. The framework will be delivered in the form
of the following software modules:

 Suite of (standalone) applications; some of
the framework's features will be provided as
“applications”. By application it is meant that
these modules will be totally independent in the
aspects of execution life cycle and they will
reside on top of JME technologies in order to be
compatible with existing devices in the market.

* Application Programming Interfaces
(API(s)). The qualifications of the Mobile
Accessibility Framework will be accessed via
Application Programming Interfaces. The API
will contain operations that can inherit and/or
override accessibility capabilities, such as big
size fonts, operations that can be used by
applications in order to send information to an
assistive technology application and operations
that can be used by assistive technologies. An
assistive technology application registers as an
accessibility event listener.



 Custom User Interface components, based aand build environment to suit the new product,
existing components.  Accessibility Usertuning and rebuilding the implementation numerous
Interface components will be built in order to betimes. Moreover, the tools which are available for
used by developers. These Ul components wioftware bundles in that layer is intended to
be customized items that can be easily used bgdividuals or companies that want to port the
software developers within existing IntegratedConnected Device Limited Configuration (CLDC)
Development Environments such as NetBeandotSpot Implementation Virtual Machine and the
and Eclipse. CDC (Connected Device Configuration) HotSpot

Implementation to a new platform.
ll.  LOCATION OF FRAMEWORK

This chapter describes the view map o .
implementation layers and analyses the possible The higher layer can be thought as the
locations of the mobile accessibility frameworkeTh “Application Layer” which stands on top of existing
architecture of the built-in accessibility framewor Platforms. Developing in that layer can avoid
for mobile phones is dedicated to JME platform. Thélcompatibility and portability problems among
following figure depicts the division of the JME different device technologies. The outcome willabe

software layers in lower and higher layers. Diffare 9roup of totally independent applications which
approaches for the building and the portindes'de on top of existing platforms and they do not
processes will be used for each of them. rely on different device features such as OS and

CPU.

In addition, there are many JME existing
emulator platforms which can run either as
standalone or integrated within Integrated
Development Environments (IDEs) such as Eclipse

B Higher Layer

P kOptuonatSR T’ghaf and NetBeans. Thus, the applications will be built,
ackages (JSRs) R executed and validated in those tools before the
JRE - developer download then in the real devices. Some

level Profile | of existing mobile emulators for CDC and CLDC

Level f.' are Sony Ericsson CDC Platform UIQ SDK, Nokia

/ Series 80 SDK, creme VM, S60 5th Edition Nokia

Configuration |' (v. 1.02), Samsung, BlackBerry (JDE 5.0.0), LG,

Level KNI/JNI '-\\ Lower Motorola (MOtODEV)
— I{,:PLayers IV. ARCHITECTURE

JVM ".,I In order to build the architecture for the

1 accessibility framework for the mobile devices, we

took into account existing technologies and their

0Ss | various specifications. Specifically, the existing
: APIs and their sample applications have been

surveyed [5]. Such APIs were investigated are Java
: Accessibility API, ATK Accessibility Toolkit from
Figure 1. JME software Layer Levels Gnome's GTK+ project, Android Accessibility API,
A. Lower Layer BlackBerry Accessibility API and iPhone

Development in these layers needs to take intdccessibility API.
consideration the port of several important issues The general concept was followed is that the
such as Central Processing Unit (CPU) anaccessible events have to be provided to assistive
Operating System (OS). A porting effort for Javadevice applications such as screen readers otdext
Virtual Machine (JVM) and Configuration will speech applications. The information will be clgsel
require building out of the box for study andrelated to the accessible application and it cam be
evaluation, modifying the source code, makefilesextual description of a component. Furthermore, th

AEGIS IP project (Open Accessibility Everywhere:
Groundwork, Infrastructure, Standards; http://wwegia-
project.eu) of the "7 European Framework Programme

82



accessibility service has to run in the background
and receives notifications/events by the systera or

mediator mechanism which may be hosted by the
system, when an accessible event is fired. Such
events denote some state transition in the user
interface (for example, the focus has changed or a

Accessible Assitive

i

icati Accessibility Bus Technology
A;)fhcahon y - koo
2.8end eventType = M 1. Register to server i

10 (notification) \if\\k

3. Send “message” to

corresponding A.T.1

button has been clicked). Analytically, the followi
three concepts participate in the overall archiect ~ Figure 3. Interaction diagram N

The following figure shows schematically the
three parts.

Accessible Application 1\ 1
-2

(Accessible Application N>

Accessible application. It is the applicationa. Implementation approaches
containing accessible features such as

'?’Z?(?Igisellbc:e components, e.g. Accessible Three different and possible approaches were

thought and each of them was analysed in the “Built
Accessibility Bus. It is the Event (Server) busin accessibility framework for mobile devices”
which receives notifications/events fromAEGIS document [9]. These approaches are:
accessible applications and distributes them to

assistive technology applications. Programming - with  TCP/IP (socket

programming)
Assistive Technology (AT) applications.
They are the software applications which
serve the corresponding output to end-users, * Programming with native interfaces (JNI and
such as a screen reader or text to speech  KNI)

output. Initially, any assistive technology
application should be registered to
Accessibility Bus.

Programming with Listeners

In all cases, the assistive technology applications
will always run and listen for notifications.

However, it was decided to focus in the TCP/IP
implementation approatidue to the reason that the
assistive technology vendors have to spend limited
resources (cost and time) in order to provide
additional software modules which will interact kit
the Accessibility (Event) Bus.

Accessibility Bus

sssssssss

This approach was successfully demonstrated
during the last AEGIS project’s plenary meeting in
order to prove the concepts and the entities
described in the above JME Accessibility framework
architecture.

V. NOTIFICATIONS/MESSAGES

The general concept is that an AT application
x will be notified when accessible information is
available. This can take place when a custom User

Figure 2. Schematic representation of architecture  INteérface component changes programmatically or

by user interaction and the assistive technology
application receives that type of message regarding
this change.

* All the above implementation approaches were aealyn
detail in AEGIS official deliverable “Built-in acssibility
framework for mobile devices” [9]. This paper dowd intend
to compare these approaches and thus, it doexplairethe

advantages of the TCP/IP approach in detail.
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The notification about the change may containwvith AT will be taken into account [8]. These rules

the following information:

* name of the custom User Interface (U.l.)
component;

» type of event, for example, the contents of the
custom Ul component changing or the custom
Ul component getting focus;

» value of the custom Ul component before the
event;

» value of the custom Ul component after the
event.

For example, consider a CLDC or CDC device
application that uses a custom class called
myTextField that extends the TextField class. When
the user changes the text in a myTextField instance
an AT application receives a notification and
retrieves information about the text that the user
changed.

Furthermore, the following changes to a Ul
component can trigger a notification to an AT
application [4]:

» achange to the position of a cursor;
* achange to the name;

* achange to the text;

* achange in a child component;

* achange in the state;

* achange to the numeric value.

In addition, each Ul component can have one
more states [4]:

+ focused;
« focusable;
* expanded,

VI.

are the following:

If a component does not display a short string,
a descriptive name for it has to be specified.

A tool tip for each component has to be set
whenever it makes sense.

If a tool tip for a component cannot be
provided, a description alternatively can be
provided that assistive technologies can give
the user.

Specify keyboard alternatives wherever
possible and keep in mind that keyboard
alternatives varies by components

Assign textual description to all Images and
Icons objects in your application.

In a bunch of components that form a logical
group, try to put them into one container.

Any custom component is created, it should
support accessibility.

ACCESSIBLEUSERINTERFACECOMPONENTS

A draft version of accessible user interface

components has already built and demonstrated
successfully in AEGIS October's 2010 plenary
meeting. These components were built for both
CLDC and CDC device configurations in two
different Graphical User Interface libraries (G.V.I

for each of them. These accessible components were
Ot;reated and evaluated on the TCP/IP implementation
approach.

A. CLDC components

Two different suites of CLDC components were

created. One suite was built with the use of LCDUI
(javax.microedition.lcdui package) and the othez on

with the LWUIT library.
The LCDUI accessible components are custom

* expandable;
e collapsed;

* selected;

» selectable;
* pushed
Finally, some rules for supporting accessibility in

order to make an application to work consistentl)?’n

components
javax.micoredition.Customltem()
support operations such as the “getters” and ‘Isétte
of title, text, editableText, value, role and state
properties.

the
They

extend
class.

and

On the other hand, the components were created

LWUIT

library implement an accessible

nterface. This accessible interface defines method

84



such as name, role, text and similar propertigb@o easily drag and drop an item in the Screen Designer
above in LCDUI's accessible components. Form as it is shown in the above figure.

AEGIS aims to provide accessible custom
graphical user interface components in both LCDUI =
and LWUIT libraries.

B. CDC components

The CDC components are not yet implemented.
However, their implementation will be based on
both AWT (java.awt) and Swing (javax.swing)
libraries. The design process of them has already
taken place and it will be based on the
aforementioned LWUIT’s approach; an accessible
interface will be used by each accessible component

Their development and finalization of CDC and o
CLDC accessible components is expected to take Figure 4. Custom Tableltem within NetBeans IDE
place within the next year. The developer community will be capable to
Finally, it was decided that the following modify the source code of these custom items in

accessible items will be delivered by AEGIS fororder to enhance their features.
both CDC and CLDC configurations on AWT, VIl. CONCLUSIONS

Swing, LCDUI and LWUIT libraries respectively: ) . . .
This paper provides an illustration of concepts

+ AccessibleLabel (AccessibleSting Item) that will participate in the system architecturetsu

« AccessibleTextField(EditableText) as the Accessible Application, Event (Server) Bus
_ . and the Assistive Technology Application. The

* AccessibleDateField interactivity between them has been also shown.

» AccessibleText(Area)(EditableText) The design and the implementation phase focus

on the higher layer of JME which is considered as
the “Application Layer” of the OSI-Layer model. In
* AccessibleTable that layer, the accessible application, the
Accessibility Event (Server) bus and the AT
application will be independent applications and
The above items will listen on various eventghey will be built and run on top of existing
(user's interaction) such a&eyPressed(), Operating Systems and (Java) Virtual Machines.
keyRel eased keyRepeat ed, These applications can be tested over existing OS
poi nt er Pressed() (for the case a touch screenand JVMs, existing device configurations and
is provided by the mobile device), profiles without worrying about compatibility isse

» AccessibleCommand (Button)

» AccessibleHyperLink

poi nt er Repeat ed and Moreover, existing device simulator tools are
poi nt er Dr agged() . available in order to test and verify them.
C. Accessible itemss in existing IDEs The TCP/IP  approach has been currently

approved and verified in Symbian OS devices. It

e as successfully demonstrated on Nokia N82 and
built in order to be used by developers. These l‘¥\I\llokia N97 mini models. This approach is the most

components can be easily used by softwarg . : :
deveﬁopers AEGIS’s intentio¥1 is to pro>\//ide thes exible, openness and portable solution and ittean
: fpplled easily to existing assistive application

Accessibility User Interface components will be

custom-made components within existing Integrate ; o . .
Development Environments (IDEs), such a echnologies and also to existing device models in

: . e market. The assistive application vendors can
NetBeans and Eclipse. The developer will be able t§xtend existing technologies with the minimum

possible cost and effort in comparison with theeoth
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two solutions. Afterwards, the final version of

AEGIS Accessibility Mobile Framework can be

exploited and published as a Java Specification
Request (JSR) following the specific Java
Community Process standards.
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which in turn increases the risk of falling [2ln a

Abstract— In the field of ambulatory monitoring of ~ recent study [3], it was shown that of 110 subjéets
elderly, a lot of applications are focusing on the 90 years old), 60% had at least one fall during the
detection of emergency conditions, including falls. one-year study period. 80% of these fallers coold n
Although a clear societal benefit exists, much lessStandup independently after the fall. 95% of the
attention is paid to ambulatory monitoring fallers had an alarm system with a panic button, bu
methods for fall prevention. On the other hand, in 80% of the fallers having an ala(m system, coultl no
sports, fitness and rehabilitation, sensor based activate it after the fall event. This resulte0%o of

methods exist for the monitoring of gait and the fallers remaining on the ground for longer than

physical activity. One of the variables often useth one hour. Hence, panic buttons for alarm generatio

h q N dit lculat dafter falls have their limits. Automatic monitogin
0S€ domains IS energy expenditure, calculate systems for fall detection exist, including

from a tri-axial accelerometer. In this study, we ot elerometers and camera systems. Accelerometer
investigate  the  testretest  reliability ~ of paseq systems depend on the correct wearing and
accelerometer based energy expenditure, restricted handling of the sensor by the elderly. Camera based
to walking on a straight line at self-selected spde systems on the other hand are currently mainly

Moreover, it is shown that energy expenditure experimental.

during walking differs significantly between a

group of elderly fallers and a group of elderly Given appropriate screening mechanisms, people

controls and correlates well with walking speed with an increased fall risk could seriously benefit
: * from the appropriate interventions, including chesg
This suggests that_am_bulatory and long term in the prescribed drugs, exercise therapy, the
assessment of fall risk is feasible based on th&yrescription of walking aids, etc. [4]. Multifastal
calculation of energy expenditure during walking.  intervention studies show a reduction of the fays

Kevwords- ooen  accelerometer.  enerqy 2270 0 40% [5,6,7]. The clinical assessment of
yw o . . ' Yincreased fall risk typically involves careful
expenditure, gait analysis, fall risk

observation of the postural stability and gaialgu
| INTRODUCTION as for instance expressed by a score on the Tj8gtti
. N scale or by timing of specific exercises, e.g. the
Falls are an important cause of hospitalization @nd Timed Get Up And Go Test (TUGT) [9]. Both the

deterioration of the quality of life in elderly. rdong Tinetti g
etti and TUGT test have good predictive value,
people aged 75 or above, 32 to 42% was foundlto fa ut also have limitations: they should be

at least once a yeoar [1] Among elderly Suffe”ngadministered by a specialist in the hospital arel ar
from dementia, 66% experienced at least one fall Based on a single assessment in time over very shor

year. Fall_s lead to Injuries, © a decrease n th@valking episodes. Moreover, there is a debate en th
quality of life and to an increased fear of falling
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exact cut-off values for both tests[10] and batsts activity decline with age [14,15] and that eldexligh
fail to identify subtle changes in the gait paitet low physical activity are at greater risk of maital
the onset of more easily observable major gaithan others [16].

disturbances. Our long term vision is that such ambulatory

In clinical gait analysis, force plates, monitoring devices currently employed for the
accelerometers, gyroscopes and other devices haassessment of physical activity levels and energy
been used to assess fall risk. Although more subtlexpenditure, could eventually also be used for fall
changes can be identified in this manner [11], fallisk assessment. Although we believe that long term
risk assessment is based on a single measurementhadme monitoring of gait is feasible and provides
a short walking trajectory, in the hospital untle®  added value compared to short term monitoring in a
control of a gait specialist. There are cleardhén clinical setting, there are two main challenges:
of detailed gait analysis under laboratory condsgio 1
for diagnosing and monitoring specific gait
deficiencies, but we believe that in particular fell
risk assessment, long term monitoring of the gait
pattern under natural walking conditions can previd
important information. Typical features calcuthte

. it is unclear whether the features currently
calculated from the accelerometer signal in
well controlled environments will prove to
be valid and repeatable for assessing fall
risk in uncontrolled settings.

from the accelerometer with known relevance in 2. Moreover, features are typically calculated
predicting fall risk in the clinical setting inclad offline, after the data recording and on
postural sway, walk speed, stride length and stride regular desktops. Ambulatory monitoring
width and measures capturing the global regulafity would require on line calculations on the
the walking pattern, including step and stride wireless device with limited processing
symmetry and regularity. However, these features ar power and memory.

typically not calculated in a long term ambulatory |, this paper, we want to investigate whether the
monitoring setting at home. energy expenditure during walking, calculated using
On the other hand, currently there exists a widex tri-axial accelerometer is relevant for fall risk
spectrum of accelerometer based devices for longssessment of the elderly. We show that energy
term ambulatory monitoring of step count andexpenditure during walking calculated from a short
energy expenditure, as part of various programs foirajectory under clinical settings has high inted a
stimulating a healthy lifestyle and increased ptgisi intra rater reliability, that energy expenditureridg
activity levels among the general public, but alsowalking is significantly different between young
focusing specifically on elderly.  Such sensorscontrols, elderly controls and elderly with insed
provide a global estimate of total energy expemditu fall risk and that energy expenditure during wadkin
per day, but also detailed information per minutecalculated from the accelerometer signal correlates
Typically a two step algorithm is used to calculatevery good with walking speed. These initial
activity related energy expenditure: a classifier experiments act as a baseline for comparison with
used to discriminate between several classes dfirther studies on energy expenditure during
physical activity (e.g. walking, sitting, running)... unconstrained walking over longer periods of time.
For each of these classes, regression equations are
used to relate features from the accelerometeakign
to AEE. The validity of this type of monitoriftgas A, Subjects

been investigated by means of comparison with the Forty elderly £65 years old) with increased fall

double labeled water test (e.g. [12,13]). risk (EF) (history of falls and/or Timed-Get-Upean

It is well known that regular physical activityas Go-Test >15s and/or Tinetti-test 24/28), 40
crucial aspect of a healthy lifestyle, that inaityivs  elderly without fall risk (EC) and 40 young congo
a risk factor for many diseases and that even smaflyC) participated. Young controls were students and

increases of physical activity can reduce risksoAl personnel recruited at the university (aged 18-30),
it is known that energy expenditure and physical

II.  METHODS
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elderly were visitors to the geriatrics day carate®  magnitude of the three bandpass filtered (0.2 — 10
of the hospital. All subjects gave their informed Hz) orthogonal acceleration signals. Van Hees
consent and the study was approved by the ethicahowed that activity related energy expenditure
committee of the university hospital. expressed in (J/kg/min) for walking could be

Each of the three criteria for inclusion in thel fal obtameq from movement intensity using a linear
risk group is a very good predictor for fall risk regression equation qnd that .the model correlates
itself. By including subjects in the fall risk giou well to AEE computed in a respiration chamber.

when presenting any of the three criteria, therglde In this paper, average M| was calculated for each

control group is not biased with elderly presentingwalking trajectory according to Van Hees [20]. In

any gait related problems. order to exclude bias from the gait initiation ayait

, termination, the Ml was not computed during the

B. Data CO!|€CtIOI‘l _ . Initial two and the final two steps. Steps were
All subjects walked 18m on a straight line gytomatically detected from the signal, basedhen t

Wearll‘lg a tr|'aX|aI accelerometer at the sacrunms Th max|ma before the Zero_crossings in the forward

procedure was repeated three times and the sensgkceleration signal, after applying a fourth oz
was removed and replaced between each walk by|gg Butterworth low pass filter with a cut-off

physiotherapist. Between each walk the trajectoryrequency of 2 Hz [21].

information recorded on the SD-card of the sensor 0 .

was transferred to the pc and the card was emptie®: Statistical Analysis

Two of the three trajectories were collected by the Statistical analysis was performed using SPSS
same observer; a third trajectory was collectechby version 18. Intra and inter rater reliability forlM
second observer. The two observers for each subjeatere computed using the intra class correlation
were randomly selected from a set of three. Theoefficient ICC(3,1), the method error (ME) ane th
order in which the observers assessed the subjeatsefficient of variation of the method error(CVME)
was also random. [22]. Method error is defined as the standard
ddeviation of the difference scores between taud

The sensor used was the DynaPort MiniM-OHetest divided by the square root of two. The
(McRoberts, The Hague, The Netherlanas), whic oefficient of variation CVME is defined as the ME

ggihaofs &rzﬁlﬁrggtgxgg 100Hz and a range +/- 29 fq ivided by the average of the test and retest score

multiplied by 100. Group differences were assessed

C. Signal processing using ANOVA after testing for normality with the
Previous work on the calculation of energy Kolmogorov-Smirnov test.

expenditure based on tri-axial accelerometerstenof TABLE |. TEST-RETEST RELIABILITY OF

based on activity counts. Assuming that activityMOVEMENT INTENSITY

related energy expenditure (AEE) among elderly M 1

with increased fall risk is mainly caused by watkin I ovemen

(and the contribution to AEE of sports activities i ntensity

minimal), a regression equation relating activity Inter Rate ICC(3,1 0.9¢

counts per minute to AEE per kg body weight per ME 0.03

minute is then provided [17,18]. Specific equation '

have been reported for specific subgroups, incudin CVME 6.8¢

children [19]. However, the exact definition of a Intra rate ICC(3,1 0.97

activity count is often not specified, due to T '

commercial reasons. ME 0.01
An alternative is to consider the average agtivit CVME 5.64

level per minute and to relate this to energy
expenditure. In a study by Van Hees [20] movement
intensity (MI) was defined as the average vector
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n. RESULTS

0.5
Average M| was 0.37(0.07) in the YC group,

0.28(0.06) in the EC group and 0.20(0.06) in the EF 2 0.4
group.  Differences between EC and EF are £
significant at the 0.01 level. Group averages are £ 0.3
visualized in figure 1 which shows averages and &€
standard deviations of MI for each of the three g 02 -
groups. Intra rater reliability (ICC 0.96, ME 0.88d %
CVME 6.86%) and inter rater reliability (ICC 0.97, s 01
ME 0.01 and CVME 5.64%) of M| were very high, o

see table 1. MI correlates well with walking speed
(r’=0.84), see figure 2. Young  Old controls Old fallrisk

controls
Iv. DISCUSSION

All tangible results of UCD Phases 1 and 2,Figure 1: group averages of movement intensity

encompassing the AGIS Use Cases, PersongMl). Ml is significantly different between OF and
application scenarios and conceptual models, havgc.

constituted the basis for the specific application
scenarios and experimental plans that have oriented

the evaluation of the 10 first prototypes of A£GIS 25
the first round of evaluation, that took place from

May 2010 until end of July 2010. This has beeryonl 2
the first of the three evaluation rounds that are
scheduled in the project in the context of theaiige
design and development character. This section
describes in short the overall evaluation framework
developed in A£GIS, focusing on the first out of the
three in total evaluation rounds scheduled in its 0.5
context.

1.5

walking speed

Using a tri-axial accelerometer at the trunk, B = '
average movement intensity is a good measure to 0 01 02 03 04 05 06
discriminate between fallers and non-fallers (high
intra and inter rater test-retest reliability agaobd
discriminative power) is strongly correlated to
walking speed (=0.84) and walking speed is known
as one of the best predictors for fall risk. Verghh
inter and intra rater reliability (>95%) was obssav The advantage of Ml is that it can be calculated
under similar experimental conditions for walking online on the device; whereas walking speed is more
speed (e.g. [23]). difficult to obtain in ambient monitoring settings.
The distance walked (on which walking speed is
based) can be obtained from integration of the
accelerometer system, but this approach suffers fro
integration drift.

movement intensity (M)

Figure 2. Movement intensity correlates well with
walking speed.

Given the positive results of this hospital study,
we propose to calculate MI on the body worn sensor
itself during long term monitoring of elderly atrhe
in order to investigate whether long term fluctoas
in Ml do correlate with changing fall risk.
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v. CONCLUSION

High test retest reliability of movement intensity

calculated from a tri-axial accelerometer wornhat t

trunk during walking at self selected speed is show

[11]

[12]

and it is shown that movement intensity is a good13]

feature
increased fall risk and elderly without increasal f
risk.
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Abstract— The concept of the information higher demand for more and improved benefits for
society is now a common one, as opposed to the users, as well as for increased mobility.

industrial society that dominated the economy  This demographic change will lead to significant
during the last century. It is assumed that all  and interrelated changes in the health care sector
sectors should have access to information and and techn0|ogies promoting independence for the
reap its benefits. Elder people are, in this elderly population. As representative data,
respect, a major challenge, due to their lack of  approximately 64% of the European population is
interest in technological progress and their lack  made up of 20 to 64 year olds, while the 65 and
of knowledge regarding the potential benefits  over group covers 17%. Thus, there are some 4
that information society technologies might working employees to every pensioner. On the
have on their lives. The Naviga Project (An  other hand, it is estimated that the 20 to 64 péar
Open and Adaptable Platform for the elderly ~ group will decrease to 55% and the over 65 will
people and persons with disability to access the increase to 28% by the year 2050, making the
Information Society) is an European effort ~ Proportion 1 to 2 instead of 1 to 4. Spending on
whose main goal is to design and develop a Pensions, health and long-term care is expecte;d to
technological platform allowing elder people  Increase by 4-8% of the GDP in the coming
and persons with disability to access the decades, with total expenditures tripling by 2050.
Internet and the Information  Society. People live longer in developed countries as a
NAVIGA also allows the creation of services result of better living and health conditions. For

targeted to social networks, mind training and ~ example, in North America only 4.5 % of
personalized health care. population over 65 years old lives in nursing

homes, a percentage that has decreased in recent

Keywords- e-health, disability, Internet, elder Years.
people.

l. INTRODUCTION

Today, developed countries have great
difficulties with effective health services and
quality of care in a context marked by the
population’s ageing. This trend, as seen in Figure
1, has dramatic effects on both public and private
health systems, as well as on emergency medical
services, mainly due to an increase in costsaand
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Word Populaton Prospect activities based on individual preferences can have
positive effects and help to overcome boredom,
increasing the quality of life for elders. It is a
challenge finding innovative activities that invelv
the elderly and encourage them to keep practicing
with the activity. An adequate understanding of the
disuse of motor and cognitive functions can help to
prevent the decline in these skills and particgrati

in activities based on individual preferences can
reduce boredom. There is a real need for activities
that address these two concepts, and these adiviti
may be none other than mental exercises specially
designed for elderly’s.

* Papulation 60 +

Figure 1. Demographic change according to the
foresight of the United  Nations, http://esacug/unpp The current trend is to improve the quality of life
(access: 06/12/2010) of older people not only extend the lifetime, the

"gerontechnology” [1] is a very active discipline
o focused on improving the lives of elderly’s,

The elderly population is constantly prepared f considered as a special group of users whose
to age better due to a decrease in disability,particular skills and needs in social and cognitive
resulting in the elderly being more active in their |evels should be taken into account during the
daily lives. Despite the improvement in conditions design process of any technology solution focused
for coping with ageing and an increasingly active on this group. We must also consider that older
lifestyle, there are obvious changes that occur inpeople often do not feel comfortable in handling a
behaviours and skills during the latter part od.lif computer and the use of technological devices

These changes may include decreases in sociafeems complicated for them. This problem may be
relations and physical abilities, loss of memory, Worse considering the decline in cognitive, visural
comprehensive and cognitive functions. Previous motor abilities.
studies have shown that the ageing process is The Naviga project (2009-2012) is an European
accompanied by a decrease in neuro-motor andnjtiative funded by the Eurostar [2] R&D program
cognitive functions. Compared to young people, theand whose main objective is to provide these
elderly's demonstrate poor performance on tests,collective tools, devices and methods to enjoy
including reaction times, motor coordination, short personal autonomy and a better quality of lifedido
term and complex or abstract conceptualization. Inthat, within the project we are developing an
general, these changes result in a decline in thantegrated technology platform to provide Internet
quality of life of for the elderly. access through a computer or TV. In addition, the

There are also studies showing that a decrease iRroposed platform will facilitate the incorporation

neuro-motor and cognitive functions in the elderly’ ©Of elderly's and people with different functional
can be accelerated by disuse or simply by aCapacity to the Information Society through the use

decrease in activities that require frequent cognit  Of special devices, social networks, and applicatio

processing. Specifically, it has been shown that th 10 improve the cognitive ability or personalized

central nervous system retains a significant amounth€alth services.

of plasticity or neural flexibility with age, and The consortium comprises five SMEs

through mental training exercises, this neural conducting research (investment min. 20% of

flexibility may be kept in good condition over time  annual turnover in R & D), a university and two end
Another important impact that can be seen Users (an hospital and a daily health centre éakcat

particularly in persons living in nursing homes is In Madrid region ) also involved in the project.

boredom. Participation in social activities does n

necessarily improve this feeling and sometimes

creates negative attitudes in participants, althoug
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Il.  OBJECTIVES OANAVIGA PROJECT Similarly, the Project will provides a range of
The Naviga project, through the use of health-oriented goals that help elderly to keep

information and communications technology, 2ctive through mental training exercises, and
intended to cover a range of social and healthOtherwise assist staff medical (hospitals, health

objectives aimed to improving access to centres) in monitoring the treatment of these peopl

Information Society by the elderly's and people ffom homes:
with disabilities. Within Naviga we will develop an « Developing services and games that allow
open platform and adaptive technology for two mental training (mind training), suggesting
purposes:. exercises to keep the mind active, and
1) On the one hand, the development of an getting people to communicate and
adaptive communication interface between user participate to a greater extent in their social
and computer or television, to facilitate the community. This will prevent premature
understanding of Internet and new information degeneration of mental activity, and
technologies to people with a low-tech, while improves the mood of older people with
encouraging its use by providing a simple and functional diversity by increasing the feeling
friendly human machine interface. Also, this of being useful to society around them.
interface takes into account the integration with Although little is known about the perceived
different support products on the market to ensure benefits of digital games for the elderly,
that users can use those techniques. there is a small but growing body of research
evidence in support of the notion that digital
2) Furthermore, the development of a platform games can have a significant positive impact
that allows rapid creation of services and on the elderly’s mental and physical health
applications specifically for the elderly and dieab and wellbeing [3]. Some research [4] has
people with a common API to ensure integration showed the benefits of gaming for elderly
W|th fr|enC.“y. |nterface above ment|0ned al‘ld peop'e in severa' domains: Stimu'ation of
provide a similar look to all developments. social interacton and participation:
enhancement of perceptual-motor skills (eye-
The main social objectives lies in the attempt to hand coordination, dexterity, and fine motor
bridge the gap that prevents the elderly’s and abilities); improvement of performance
people with disabilites access the Information speed (basic movements and reaction time);
Society. To do this, we are developing simple information processing, reading,
mechanisms for interaction between technical comprehension, memory, self-image, etc.
elements (computer, television, product integration and transfer of the skills acquired in the
support for access), and people: games to other aspects of everyday routine

. . like automobile driving.
A Web browser that integrates simple

mechanisms of interaction and to improve * Development of personalized health

usability through the use of alternative services, such as warning and reminder
hardware to keyboard as for example voice system for medication adherence through an
commands. Also, the browser must be automatic smart  pill  dispenser or
compatible with the common support and aid rehabilitation physiotherapy through virtual
products for elder people. reality applications. In the latter case, the

main objective is to recover the functionality
of the hand of patients using a glove that
makes measurements of the angles of each
phalanxes of up to 22 degrees of freedom
with high accuracy. The device uses a strain
sensing technology that transforms the
movement of the hand and fingers to digital
data in real time.

* Development of social networks among
people with the same disability, where users
can find people with common interests and
concerns, and share information, experiences
and advices. An example would be evaluate
and recommend support products, as these
aids often have a high cost and does not
respond equally to all profiles of disability.
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.  ARCHITECTURE OFTECHNOLOGY PLATFORM different, both, use objectives (social relatiopshi
The technology platform being developed within share experiences, recommend support products )

the Naviga Project, see Figure 2, must solve two@Nd access to services, must
major technical challenges:

» Firstly, the connection to the platform in an
interoperable way of different support
products and communication interfaces,
integrating health monitoring devices that
generate medical alerts, fall detection
systems and security alarms, and devices that
enable accessibility to users with motor or
cognitive disabilities to information and
entertainment services, and advanced
communications such as videoconferencing.
The number of support products available in ~ Figure 2. Diagram of Naviga Architecture
the market is very high, but often not Technology Platform

compatible with each other or have the sameprovide simple user interfaces, easy to use and
degree of utility to different users who share highly adaptability to the preferences and

a disability. It is therefore necessary to characteristics of each person.
develop a common multi-modal interface I o
that simplifies the integration between One of the highlights of the project is covered by

computer and any specific support product. Many health aspects (tele-assistance, accessible
It should also be taken into account the neednavigation, social integration, cognitive stimuey]
for multi-channel access, allowing Internet management treatments) from a single, integrated

access through the computer, television or @1d open platform. Previous projects in this area
mobile devices. dealt with a single field with a much narrower

approach, developing closed systems specific to a

+ Second, the development of a set of tools for [imited number of devices. Naviga unified design

creating and deploying services and ensures a common interface for all services, and

applications to ensure compatibility and their complete integration with control and

rapid integration of new services and devices measuring devices, the communications network

on the platform, while providing a common and support products for user interaction with the

adaptive and easy to customize interface for system.

user interaction.

NAVIGA platform provides an open system

It is very common at the end of a project that based on SOA (Service Oriented Architecture) that
maintenance and integration of new servicesenables and facilitates the development of new
disappear. The Naviga project aims to simplify the applications and services that seamlessly integrate
integration of new services and applications within with existing modules without need of an expert
the platform using freely available technologiestth knowledge of the lower layers architectures and
allow the subsequent adaptation of the code easilylanguages. Also, open source implementation based
so can still be used for further developments. on Java EE and scripting languages like JavaScript,

Among the initial services of the platform, there and compliance with accessibility standards of the
are technical difficulties related to the applioati SO and the recommendations of the WAI, ensure

area. For example, the development of an accessibl€0ntinuity of service and support the development
Web browser must be multimodal and interoperable ©f the platform.

in order to take into account the needs of all  Designing the platform in conjunction with the
members of the group, which greatly complicates devices ensures optimum performance and response
the solution given the diversity of users. Aldte t  to user actions, as adapted interaction mechanisms
use they make of the social network can be verymust play sometimes very complex tasks from very
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simple input actions. The end-user participation in mental training. The scenarios will have real

the project to determine more accurately their seed participation  of

end users to validate the

and desired objectives, and prototype validation technological advances.
during the development process in aspects as
interface usability and effectiveness of associated

devices,
requirements.

verifying compliance  with  the
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IV. EXPECTEDRESULTS

"Subprograma Interempresas Internacional” (CIIP-

As mentioned above, from the point of view of 20091007).
development, the project's expected results are:

A hardware interface device adaptable to all
seniors and people with disabilities enabling

the interaction with computer or television. 2

A framework (tools and methods) for .
creating and deploying services and 3l
applications.

The development of services including a 4
Web browser that allows access for elderly’s
and disabled people to the Internet.

. . 5
Two technology demonstrators in the field of {6}
e-Health and entertainment.

An analysis of business opportunities and [7]
business requirements (identifying their

strengths and weaknesses) for the successful
commercialization of project results. (8l

During the running of Naviga project two case

studies /scenarios will

be implemented, to

demonstrate the functionality of the framework g
developed. One dealing with rehabilitation at home
based on virtual reality, while another scenarith wi

be developed and evaluated in a care centre for
elderly’'s and people with disabilities aiming their
access to the Information Society through the Web

browser and in

particular social networks and
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Abstract— This paper presents the Confidence enable independent life at home [1]. In order to
system, which aims to prolong independent life develop such systems, the main problems limiting
of the elderly. It accomplishes this with a set of the independent life of the elderly have to be
intelligent modules that recognize falls and identified. Such problems range from a largec$et
general disabilities, and inform the emergency POSsible illnesses to the falls as a consequefice
services when a hazardous situation is detected. deteriorated motor abilities. An efficient canegi
This way the elderly do not require constant SYStem has to detect falls and discover various
caregivers' monitoring and are not forced to illnesses or general disabilities. When such states

leave their homes since they are confident that discovered, the system has to report them to an
they will receive assistance when needed The SMergency center, a caregiver institution or a
Confidence modules adapt to each partiéular hospital. Consequently, such a system does not

T . completely replace the caregiver institution. éast,
user by initialization before the first use. The PEtSl T80 g

S ) i it complements it and ensures that its limited
initialization requires recordings of several use |agources are used effectively.
activities. The results show that the accuracy of

the system significantly increases if the modules NS paper presents the Confidence system,
are properly initialized. developed as part of the FP7 Confidence projekt [2

which aims to reduce the dependency of the elderly

Keywords- Confidence, elderly care system, fallP€ople on the caregiver institutions. It uses pmsit
recognition, general disability recognition, and acceleration data from tags placed on the'suse

adaptation to the end user, active learning clothes in order to recognize falls and general
disability. The recognition procedure is performed
I. INTRODUCTION in three steps. Firstly, the input data has to be

The percentage of elderly people in the moderfiltered. Next, the activity of the user has to be
societies is rapidly increasing. Consequently, theecognized. Finally, the falls are recognized using
request for caregiver assistance and its costslae activity information, and general disabilities are
increasing. Nevertheless, the elderly people woulgfcognized by finding deviations in the user's
prefer to live an independent life without a need f behavior. When events such as falls and general
such assistance, but they raise a concern thadyobdjlsablhtles are recognized, an emergency center is
could help them in case of an accident or a suddéformed that the user needs help.

health problem. A solution would be to create a |n the real-world usage the Confidence system
caregiver system that is less expensive and moggonitors only one person. Therefore, the system i
efficient than a caregiver assistance, and enatles adapted to the monitored person, which resultsiin a
independent life for the elderly. increased accuracy. The adaptation is done during

An efficient caregiver system has to monitor théhe system initialization and the system usage
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the built-in classifiers for activity recogniticare
updated with the user-specific data.

General disability
. . . . detection
This paper is organized as follows. Firstly, the Output

” B3

proposed caregiver intelligent system is presented. Fall detection )

Secondly, the initialization procedure is described
Thirdly, the active semi-supervised learning for ——

improving the activity recognition classifiers is ) @
given. Fourthly, the proposed methods are testdd an e Aol

the results are presented. Finally, the paper

general disabilities using position and acceleratio
of tags attached to the user's clothes [3].s€he
input data are received from the Ubisense e ol
localization system [4] and acceleration system
[5]. These systems process and send the data from .,
four tags located on the user’s ankles, chest attd b

When the system receives these data, it processes| /> / K//
them, analyzes them, and produces an alarm if a fal (J a.;me,a-.nn>

concludes with ideas for future work. Wil
. SYSTEMARCHITECTURE
The presented system recognizes falls and ( Fiewg )

gl
N\

data

is recognized, or a warning if a general disabikty
detected. These messages are sent to the user via ¢ ~
basic Portable device or an advanced Control panel
on the computer screen. If the user does not cancel Figure 1. System modules and data flow.
the alarm or warning, an emergency center is _
informed. The system modules and data flow arB Filtering
shown in Fig. 1 and described in the following The Filtering module is used to increase
sections. redundancy since the real input data may be
: inaccurate or even missing, e.g., a missin iti
A. Preprocessing _ ) ~of atag. In order to bypags th%se shortcor%iﬁ,;, th

The Preprocessing module receives the inpyhgs' data is filtered and smoothed using six
data, i.e., pOSition and acceleration data from thﬁ]ethods_ An examp|e of such a method is the
tags. The data from individual tags are nohnatomic filter that uses anatomic constraints, e.g
synchronized and neither are acceleration daifie distance between the belt tag and the chgst ta
synchronized with position data. Besides, thehat is constant, in order to correct the positiohs
frequency of incoming data is not constant even fafe tags. In addition, the data of missing tags are
each single input system. Consequently, the inpwstimated using specific heuristic procedures. The
data has to be synchronized and the informatiosutput is a snapshot with no missing data and with
about all the tags is combined into singlgositions and accelerations that are filtered and

snapshots. A snapshot stores the information abogthoothed. A snapshot is then passed to the Atgribut
all tags, i.e., their positions and acceleratia®ne computation module.

moment in time. When a snapshot is created, it is _ _
passed to the Filtering module. C. Attribute computation
The Attribute computation module calculates a
set of attributes related to the human body and
available tags, e.g., the speed of each tag and the
distances between the tags, which are used by the
successive modules. When the attributes are
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calculated, they are added to the snapshot that dancelling an alarm before it is forwarded. The
then passed to the Activity recognition module. Portable device has a simplified interface thatsdoe
- " not enable any other communication with the user.
D. Activity rgc_ogmﬂon . _ On the other hand, the Control panel has an
The Activity recognition module recognizes theagyanced interface that also shows positions of the
current user’s activity. Examples of the activi®e  tags in the current room, a detailed explanation of
standing, sitting, lying, walking, standing up €fft. the alarms and warnings, a video of the current
order to determine the current activity, two mogule sjtyation in the room etc. In addition, it displape
expert-knowledge rules [7]. Their classificationgmportant issue is that the user can define the

a Hidden Markov Model [8], which eliminates \yishes.

infeasible activity transitions, e.g., from sigirio o

standing without standing up in betweenH. Initialization of the modules

Afterwards, the assigned activity is added to the Since the system is used only by one user, the

snapshot, which is passed to the two main modulesiajority of the modules have the potential takvo

Fall detection and General disability detection. better if they are adjusted to that user eithiially

: or during usage. For example, when the current

E. Fall detection ) i activity is calculated, it is more appropriate teeu
The Fall detection module [9] recognizes fallgser-specific machine learning classifier than a

and other potentially dangerous situations, angeneral  classifier. Therefore, an appropriate

produces alarms. An example of such a  situatiofjtialization procedure is crucial for achievinggh

for a prolonged time. In order to recognize alarmspitialization procedure is described in detailstie
two methods are used, namely expert-knowledggyiowing section.

rules and two classifiers trained by machine
learning algorithms C4.5 [10] and SVM [11]. The n. SYSTEMINITIALIZATION
two classifications are fused using heuristics. A. Initialization procedure

F. General disability detection The purpose of the initialization procedure is to

The General disability detection moduleautomatically adjust the parameters that are unique
recognizes general disabiliies and issues far each individual user and improve the accuracy
warning. An example of a general disability isand precision of the Confidence system. The
limping. A general disability is recognized byprocedure is introduced through a user-friendly
collecting a set of statistics about the user bignav interface Initialization Wizard, containing up 1d
mainly walking statistics, and comparing them te thsteps. These steps can be divided into four sets
past statistics of the same person in order taccording to their content. These sets are: (1eBys
recognize unusual or changed behavior. If theonnection and initialization of the modules, (2)
behavior change is significant, it may indicate thdasic user information, (3) activity recordingdan
development of an illness/general disability. Thd4) lying locations. A diagram representing the
changes are recognized using the LOF [12hitialization procedure is shown in Fig. 2. During
algorithm. this procedure the system adjusts the machine
&. Control panel and Portable device Iearnlng. classifier for activity recognition moedul

' e by scaling values of certain attributes, calculates

When an alarm or a warning is produced, it igser specific expert rules for activity recognition
sent to the user, relatives and afterwards to afodule, creates personal machine learning classifie
emergency center, a caregiver center or a hospitalhd stores the data about the room. The following

The modules for sending alarms and warnings akgctions describe the initialization steps in detai
implemented in the Control panel and Portable

device user interfaces. Both interfaces also enable
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1. System connection and initialization of 4. Lying locations

modules This step of the initialization wizard stores the

First, the position and acceleration systemb/ing locations for the current room where the
have to be installed and connected to theystem is installed. Lying locations are all looa#
Confidence system. Second, the following moduleshere the user is allowed to lie (e.g., bed) or to
in the Confidence system have to be initializdd: ( perform activities that could be considered
Preprocessing, where the raw data from the sensdrazardous by the system (e.g., exercise and yoga).
are collected and prepared for further procesgz)g, When the initialization procedure is completedeéhr
Filtering, where the data is smoothed and correctddes are created. The first file describes theegah
with six filters, (3) Attribute computation, whea#l  information about the user; the second file comstain
significant attributes for expert rule generatothe new rules created as described in Sectionn® a
described in Section B and activity recognitionused in the Activity recognition module, while the
machine learning classifiers are calculated. Ththird file contains the data for the personal niraeh
acceleration data is not used in the adaptatidearning classifier for the Activity recognition
process. Therefore, the acceleration systenbean module. This module is used for active semi-
disabled during the initialization. supervised learning as explained in Section IV.

2. Basic information B. Rule adaptation

In this step, the user provides information about The rule engine for activity recognition was
him/her and his/her requirements. The systerfiriginally created by the domain expert using the
collects the following basic information. Firstipe knowledge stored in a decision tree classifiet an
user has to identify himself/herself with a name odomain knowledge [7]. An example of a rule in the
with an anonymous code. Secondly, the user heigfiile engine is as follows: “IF coordinateZ(chest) <
is stored for classifier adjustment. Thirdly, teer 0.3 m and velocity(chest)j> 0 THEN lying” .
has to determine the time in the day when thelowever, this is a general rule not specializedafor
collected statistics and possibly warnings are showspecific user (body dimensions) and a specific room
on the Portable device or on the User screen [13] (e.g., low chair). The rules in the rule engine fo
the user does not use the Portable device. Finallggtivity recognition need to be adjusted to suétehe
the duration of the activity recordings has to bearticular user (e.g., to user’s height and moveme
defined according to the user’s ability to performcharacteristics) as well as the particular system
basic activities such as standing, lying and sgjttin localization hardware in a specific room (e.g.,
The activity recording is described in the follogi adjustments to perform optimally given the
section. The default duration of a recording is 3Mardware’s noise level).
seconds. The user can choose to perform one gctivit

X The adaptation of the rule engine encompasses
for up to ten minutes.

only the adjustment of the limits in the condisarf

3. Activity recording its rules. In the example above, this would be the
o . : alues 0.3 m (the z coordinate of the chest) and 0
The activity recording procedure consists o the velocity of the chest). The form of the rules

four to seven steps, depending on the vitalityhef t ; . X
stays unchanged as defined originally by the domain
user. The user should be able to perform the bas épert. Activity recordings obtained with the

activities: standing, sitting and lying. Additiohal initialization wizard represent training data fale

L. . |
more advanced activities are optional and can be_ . .
recorded after the basic activities. These aatisiti . O c adaptation. We considered o approaches

- . for the adaptation of the limits in the rule engi(i®
are sitting on the ground and being on all foutse T a genetic algorithms and (2) an approach which

recorded data is used in order to improve actmtgo mputes information gain  for each attribute

::?ggs%;i“etlror'][hurglier?crgggn tt::s accrﬂg:chmci‘ tLe@aénr;? ncluded in a rule in order to determine the most
9 y suitable rule condition limit. Due to time consirsi,

system. the second approach was used for the adaptdtion o
the rule engine during system initialization.
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C. Machine learning adaptation IV.B.1). However, such minor adjustments of the

The machine learning module contains thdefault classifier do not guarantee a high aacyr
Default classifier for activity recognition thas i of the activity recognition module. Consequently, a
created using position data of several usergnore advanced procedure for the adaptation to the
Similarly to the rules module, the Default clagsifi User has been designed as described in the fotjowin
may not be suitable for the current user sincénbis/ SECUON.

height might be different with respect to the |n addition to the Default classifier, the activity
previously tested users. Consequently, this dlessi recognition uses the Person  classifier. This
has to be adapted during the initialization procedu classifier is created by taking into account da¢a

as follows. The initial data has to be scaled Bin@ about the activities that are recorded during the
into consideration the height of the current ubat t njtialization procedure as described in SectioB.A.

is stored during the initialization procedure (8et

V. ACTIVE SEMI-SUPERVISELCLEARNING and angles between tags. The activities of the
instances are obtained with the Default and dPers

In order to increase the accuracy of the maCh'naassifiers. In addition, the confidences of such

Iceoar:\nk;irrl]%tig:]az?tf;]eer actil:/oer Ieaa?m/r:ty mr:tﬁ%%ng'no dn’seﬁ]qlassiﬁcations are also obtained. Since the dlassi
9 ay classify an activity into different classesaav

?ﬁ%eri\gggd Olf a;g;ir\l/% r?:;mggh?: lt)genir'nrg%?/rgeme ‘eta classifier is 9r_eat_ed in order to sel_ect the
accuracy by choosing the data for the training semos_t suitable cIaSS|f|ca_t|_on._ Aft_erward_s! i the

- . 2 ~~confidence of the classification is sufficient, the
The active learning method updates the exIStInr%wstance is used by the active learning method to
classifier, namely the Default classifier, by taki y 9

. . update the existing Default classifier. A simila
into account the data that has not been included ethod to ours was used for video annotation [14].

the existing classifier (e.g., recent data gairier a heir method uses two complementary classifiers

e . T
the classifier was created). The |mplemente_90r the classification and the decision on the enor

;naer;h(l)i?] Ism(?tﬁzzd c%r;\ethere;gnetggn-gassti?n Srglceeci\tllégitable classifier is based on an effectiveness
piing : P y easure. If the effectiveness measure is higher tha

the data from the tags and creates instancesakn re . :
time. The instance contains calculated attribute%ertaln value, the video has to be labeled manual

describing distances between tags, velocity of tags
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Figure 2. Individual steps within all four setstié initialization procedure.

A. Activity recognition classifiers and Meta One of these characteristics is the height of the
classifier person. In order to test how the user’s height

This section describes the three classifier&/f€cts the accuracy, an additional person with a
namely theDefault Person and Meta classifier different height compared to the already tested
The first two are classifiers for activity recogoit P€rsons has been tested and the accuracy has

while the last classifier chooses which of thetfirsdecreased to 73%. In order to overcome this
two should be trusted. shortcoming, the active semi-supervised learning

B method has been implemented that updates and
1. Default classifier adapts this classifier which resulted in increase

The Default classifier is a generic classifier. accuracy (see Section V for the results).
contains activity data from recordings of three 2. person classifier

persons. The activities that are recognized by this

classifier are lying, standing, sitting, going down  |N€ Person classifier is user specific classifier
standing up, falling, sitting on the ground, andatin that contains only three basic activities: lyinittireg

fours. The classifier was built using the Randon@"d Standing. Amount of the data representing each
Forest algorithm. Afterwards, it was tested with@Ctivity depends on the previously chosen time for
leave-one-person-out cross-validation. The achievé@cording the individual activity. Since the daias
accuracy was 86%. By examining the results W?elatlv_ely small, éach recorded instance is mueig|
have learned that certain physical characteristics 10U times before the classifier is built with the

a person can be significant for classifier aocura @ndom Forest algorithm. In order to define the
Meta classifier described in the following segtia
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Person classifier was build and afterwards testagser’'s height using the equation (1) where we
with a 30 minutes recording with labeled data ef th calculate the ratio between the height of the cirre
current user. The achieved accuracy was 69%. Thiser (hP) and the average height of people (hA)
accuracy was low since the recording contains alwhose data is contained in the Default classifier
eight activities while the Person classifier carand multiply it with the old value of the attribute
classify only three of them. (attribute_old). Consequently, the accuracy of the
updated Default classifier increases as presented
Section V.
The Meta classifier is used to decide which of
the previously mentioned classifiers is more , hy, )
appropriate for the classification of the current “f”'“"“f"-_”f’“'=},—'“””b”f€ _old (1)
instance. It was built on two recordings with laguel g
data of the current user. The duration of each
recording is 30 minutes. The attributes of the
classifier are calculations that reflect statidtica The purpose of the second step is to capture the
relation between the classifiers and attributeg thalata of the basic activities of the user and create
include the classifications of the Default andnew classifier for activity classification. Howeyer
Person classifiers. The actually used attributeew this classifier is built considering only the dafehe
selected manually from three different sets ofhree basic activities while the Default classifier
attributes after an extensive testing of severalaMe built using the data of all activities. Consequgntl
classifiers. Each Meta classifier was tested with the Meta classifier in general should use thadter
ten-fold cross-validation. The tested sets oflaites classifier to classify three basic activities with
can be seen in Table 1 while the accuracy of theigher confidence and accuracy, and the Default
tested Meta classifiers can be seen in Table 2. Tletassifier to classify the other activities.
results show that the most efficient set of attelsu
is the combination of the first and third set of
attributes. The algorithm with the highest accuracy The Meta classifier labeling is done as follows.
is Random Forest algorithm. Each instance that the system receives is clagsifie
- . with the Default and the Person classifier. In
B. Classifier adaptation addition, both classifiers return the confidence
The adaptation procedure consists of four stepgalues of the predicted classes. The attributebeof
1) Default classifier scaling, 2) Person classifielearning data for the Meta classifier are the
creation 3) usage of the Meta classifier to label predictions and confidences of the two classifiers,
instances and 4) Default classifier update if thetatistical attributes and attributes calculatedhwi
confidence in the activity label is high. In cake t |ogical functions. The output of the Meta classifie
fourth step is positive, the system updates thig the index of the classifier that is more appiatpr
learning data for the Default classifier thusding  for the classification of the current instance.
a new classifier. The first two steps are donendur
the initialization procedure (Section 1ll.A). Thast
two steps are implemented as the active semi- The update of the Default classifier occurs only
supervised learning that is done during the normdf the confidence of the classification that isan
usage of the system. The entire process of theeactiby the Meta classifier and the confidence of the
semi-supervised learning can be seen in Fig. 3. Meta classifier are sufficiently high. More
1. Default classifier scaling prec_isely,_ both parameters have to be 100%
confident in order to use the current instancether
The height of the person is a parameter thaidaptation. Such instances are added to theinigain
significantly affects the  classifier — accuracy.set of the Default classifier and after a certaimet
Consequently, the Default classifier may not bénterval a new Default classifier is built.

efficient. Nevertheless, the data used to build thiConsequently, the Default classifier is adapted
classifier, which are correlated to the heightteé t the current user during the classifier update
tested users, can be easily scaled to the currgstocedure.

3. Meta classifier

2. Person classifier creation

1. Meta classifier labeling

2. Default classifier update
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The classifier update using active

learning TABLE Il. TESTED ALGORITHMS

procedure stops, when the Meta classifier chwosg
only the Default classifier during the last 30
minutes. When active leaning stops, only the Défau
classifier is used for further activity classifiat.

Instance
|
Default Person
classifier classifier
[ T

Classification C;
Confidence Mg

Classification C.
Confidence Mg

(cymey

a8 Mo(G2): Me(Ca): Ma(Ca): Me(C:)
rd \\ Cie Ry
YES S Meta
M =100% et =
classifier
/// — ==—

Classification C,
o

Figure 3. Active semi-supervised learning procedur
assembled of classification, semi-supervised lagedind
Default classifier adaptation.

TABLE |. ATTRIBUTE SETS

Attributes
Set ; z
Aftribute Label/Equation
Default classifier classification Ci
Person classifier classification 8
Default classifier confidence in C, Mp(Cy)
|
Person classifier confidence in C, Mp(C,)
Is C, a basic class CieRo
Are the classes equal Ci=0C
z coordinate of all tags
5 Distance in height betwwen neck and average
- height of ankles
Distance in height betwwen neck and belt
Default classifier confidence in C, Mp(Ca)
3
Person classifier confidence in C, MpCy)

. Attribute set combination
Algorithm
i Snapshot + 1 ! 2 1+2 1+3
SMO 86.6% 92.9% 88.9% 87.8% 88.3%
C4.5 96.8% 05.4% 96.1% 96.6% 95.9%
Handom 90.9% 959% | 96.6% | 96.9% | 97.4%
Forest
v 61.0% 757% | T0.1% | 68.8% | 823%
Baves
AdaBoost BE.6% 24.8% 84.6% #4.6% 79.0%
Bagging 96.9% 94.7% 95.8% 96.2% 95.8%
TABLE lll. ACCURACY OF THE CLASSIFIERS
FOR EACH ACTIVITY
Classifiers
Default
Activity Default classifier vk a‘n‘fl Person dassifier
classifier . .
not scaled classifier after
scaled 5
learning
Standing 95.5% 98.1% 99.8% 98 4%
Sitting 35.9% 41.7% 100% §7.3%
Lying 81.6% 75.3% 98.3% 93.3%
Sitting on the 28 89 52.0% 0% ]4.5%,
ground
On all fours 100% 08.0% 0% T1.7%
Gomng down 52.0% 54.7% 0% 45.3%
Standing up 56.7% 38.6% 0% 74.5%
Falling 3.6% 9.1% 0% 11.0%
Classifior 73.0% 79.0% 69.0% 84.5%
accuracy
V. EXPERIMENTALRESULTS

This section describes the experiment of the
classifier adaptation procedure consisting of the
initialization procedure and active semi-supervised
learning. The Default classifier used for the
experiment has accuracy of 73% when the current
user is tested. Such low accuracy is achieved since
the current user is shorter than the users whase da
was used to build the Default classifier. More
precisely, low accuracy is achieved during the
classification of the basic activities, namelyisgt
(35.9% accuracy) and lying (81.64% accuracy). The
low accuracy of sitting is caused by mistakenly
classifying sitting as sitting on the ground. The
accuracy of the classification for each activity te
seen in Table 3.

The first step of the adaptation consists of sgalin
the Default classifier to the current user heighis
was done by scaling the attributes related to e u
height using the equation (1), where the heighgt wa
reduced from 176 cm to 160 cm. The scaling
increased the accuracy of the Default classifier by
six percents thus the final accuracy was 79%. By
scaling previously described attributes we have
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increased the accuracy of the classification ofbalm of the person does not affect certain activitiks |
all activities except lying and on all fours, wheéthe  falling.
accuracy has decreased. The reason is that tha heig

sitting on

falling lying sitting standing on all fours theground goingdown @ standingup
falling & a8 0 14 14 o 5 12
lying o 557 Lo ] 40 0 o o
sitting 2 2 328 0 o c ] i
standing a Q o 1279 o o & 15
on all fours 2 4 7 0 81 13 o &
sitting on
the ground 2] 1% Q (4] 1 163 Q 11
going down 8 25 2 S 2 Q 38 0
standing up 2 B 5 11 10 1 0 102

Figure 4. Confusion matrix of the Default classifiafter the active semi-supervised learning wadliexh

The Person classifier used in this experiment i®f these instances from scaling should be done in
described in Section IV.A.2. We have used 30further research.
seconds of each basic activity to build the clessif
Its accuracy is 69%. The accuracy of classificatio vi. CONCLUSION
of the basic activities is seen in Table 3. ThisThis paper describes the adaptation part of the
classifier and the scaled Default classifier wesedu Confidence system. The main module of
by the active semi-supervised learning process. Th€onfidence is the activity recognition module that
test of this process was done by using three 6Qses three classifiers to recognize current iactiv
minutes recordings of unlabeled data of the currentf the user, and all three classifiers are adjusied
user. Those data were balanced to the percentageach particular user. The initialization procedure
of the average activities in daily living that areincludes the scaling of the activity recognition
shown in Fig. 5. Each recording was used twiceclassifiers and their update using active semi-
During the active semi-supervised learning, eactsupervised learning. With the usage of the
instance with 100% confidence was added to thénitialization procedure, the accuracy of the attiv
learning set of the Default classifier four times recognition module in the experiments increased
This classifier was rebuilt every five minutesieT from 73% to 84%. To achieve this improvement,
result was increased accuracy of the Defaulseveral reasonably novel approaches were designed.
classifier from 79% to 84-85%. Overall, the Confidence system is now in the
extensive testing phase by several users and
independent reviewers. The results so far, inclydin
a live demonstration at the ICT Digitally Driven
2010 Event in Brussels were better than promised
in the project proposal.

Accuracy of the individual activities has
increased (e.g., sitting from 35.9% to 97.3%) ekcep
those activities that could be easily misclassifsd
lying. Even the recognition of the falling actyvit
has increased even though it is the shortestitgctiv
to classify. The confusion matrix of the final In the future work, certain activities will be
classifier with accuracy 84.5% (Fig. 4) reveals th excluded from the scaling process, new attributes
misclassification problem. The error is a result ofwill be added to the activity recognition classif,
scaling the attributes in lying instances. Exclosio e.g., the ratio of different activities in the data

history of the classification for Default and &an
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classifier, and more complex statistics. Besidas, t
aging of the data will be added to the learningdat
by removing the oldest data from the classifiers.
Future work also includes extensive testing of thqz]

method with various end users. 3]
45.0%
40,0%
40.,0% (4]
(5]
35.0% [6]
30.0%
30.000 [7]
25,0%
20.0%
15.5% (8l
15.0%
(9]
10.0%
6,0%6,0%
5.0% _ _
1.0%1.0% () 504 [10]
(}‘000 A N e [11]
g F & R DY
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% g %O-;x
&
[13]
Figure 5. Percentage of activities during the day.
[14]
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Abstract—This work presents a new positioning and one or more tags to be located [2]-[4]. The
estimator for indoor localization systems that fixed sensors are able to estimate the distances to
can be employed in ambient assisted living the tags. The Iocaliz_ation procedure involves two
applications. This novel positioning algorithm is Steps. Firstly, the distances between each fixed
able to improve the accuracy of the tag position S€nsor and the tag are estimated using ranging
estimation and does not require increasing the &lgorithms. In a second step, the position of each
number of fixed sensors of the localization [29 iS estimated with a positioning algorithm using
system. This way, the intrusiveness and the Costthese estimated distances. Only four fixed sensors

: are necessary to obtain the ¥, 2) coordinates of
of the proposed system is reduced. the tags, but due to reflections in the traveling

I, INTRODUCTION signals and errors in the communications between

During the last decades, Information an8€nsors, a bigger number of fixed sensors is ysuall

Communication Technologies (ICTs) have beconf€t to improve the accuracy of the positioning

an essential part of people life improving the treal€stimations. The increment in the number of

situation of European population. The use of ICTEENsors implies a higher cost of the system and
in Ambient Assisted Living (AAL) provides elderly "esults in a more intrusive solution.

people with a sense of security which allows them This paper presents a new positioning method
to live independently, to maintain an activ§ased on the Recursive Least Square (RLS)
participation in society and to improve their qtyeli algorithm [5] that improves the accuracy of the
of life. traditional positioning algorithms. The proposed

The CONFIDENCE project [1] has developed Bositioning algorithm does not require an increased
care system that has the potential to detdBt the number of fixed sensors to present good
abnormal events, such as falls, or unexpectB@sitioning accuracy. Thus, the cost and
behaviors that may be related to health problemiirusiveness of the localization system will be
To detect these situations, the users location "educed.
analyzed using a Wireless Sensor Network (WSN). The rest of the paper is organized as follows.
This localization system provides the reconstructiGsection Il presents the system model usually used
and interpretation subsystem with information o the positioning systems, resumes the most known
the absolute positions of the mobile sensors @& tagpsitioning algorithms and presents the proposal of
placed on the human body for gesturghis work. Section Ill shows the simulation results
representation and further event or motion behavightained in the four 3D positioning systems. Lastly

analysis. WSN is the appropriate solution tgection IV portrays the conclusions of this paper.
implement the localization system thanks to its

lower consumption, cost and versatility.

A traditional positioning system consists of a
group of fixed sensors, whose position is known,
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ll.  POSITIONING ALGORITHMS 0 = (R i Z), (6)

and
A. System model p -
A classical positioning system for indoor my =—— D 0 (7)
environments is defined by fixed sensors ani¥l ap Py [ +1
mobile sensors or tags, witM > 1. These Py =(I-my [a,) [Py, (8)

positioning systems are able to estimate with
certain ranging algorithm the distance{ among
thei™ tags and th@" fixed sensors, with=1, ...,  With an initial guess 0B, (5) is sequentially
Mandj=1,...N. solved using theN-1) rows of matrixA and vector
b. This process is iteratdd times. Thus, the total
relumber of iterations iN- 1)R.

b'?eingl a (N — 1) dimension identity matrix.

Using the information of the distanced;{, the
positioning algorithms estimate the position of th

+th - T
i tag, 8 = (x yi_2)', where (-) represents the b Recursive Least Square Method Il (RLS)
matrix transpose. To that end, the next equatien ha :
In this work, we propose a new approach to the

to be solved: _ RLS algorithm [5], to solve theN(— 1) equations
A |])| - b| (1) - . - .
system in (1). The solution will be:
where then™ row of the matrixA, withn=1, . . ., 0, =0,_, +m, [{bi’n -a, [éi_l) 9)
N -1, will be

where, 8, is the estimation of the coordinates of the

a,=20Xp = X1 Your =Yy Zpwi-Z4), (2 _ > T
0220 =X Yo Zoa=21) () tag in the time instanf".

and then™ row of the vectobi, withn=1, .. . N - 0,=(x 9 2) (10)
1, will be ' o
by = A7y = A+ Ky (3) and

P, [a)
(Xn+1, Yne1, Znea) in (2) are the coordinates of the m; :m, (11)
fixed sensomn+1. In (3),d,,,, is the estimated no
distance between th# tag and ther(+ 1)" fixed P =(I-m_ (a,)P,. 12)
Sensor andk,,; = X, + Y +Zf - With an initial guess o = [0 0 0] and an initial

There are different approaches to obtain th&lue 0fPo=I, (9) is sequentially solved using the
desired vectom . In the following sections, the (N ~ 1) rows of matrbA and vectob. For the next

Least Square (LS) and the Recursive Least Squgﬂesition estimation§; andP; are stored and used as

(RLS) algorithms are introduced. initial guess. Thus, to estimate thethe (N - 1)
equations system in (9) are solved iteratively gisin
B. Least Square Method (LS) 0.1 and P,.;. Additionally, everyl new received

In the LS method, the equations SyS,[errrrlweasurements, the matrix will be reset to the

presented in (1) is directly solved, so that [6]: identity matrix.
.  SIMULATION RESULTS

Four localization systems with different number
of fixed sensors and tags have been considered in

C. Recursive Least Square Method | (RLS) this section. The first

In order to avoid the matrix inversion of the LS
method in (4), the RLS algorithm [5], solves
iteratively the N —1) equations system in (1) in the
following way:

0y =04y +My [ﬁbi,n —a, mi(k—l)) (5)
where, @, is the estimation di; in thek™ iteration.

6 =(a" )" AT m,, (4)
where (-} represents the matrix inverse.
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TABLE I. both systems require the same number of electronic
ERROR IN THE ESTIMATION OF THE POSITION FOR THE SAME  devices (i.e.. nine). An error in the ranging
NUMBER OF ELEMENTSANDAROON9X9X3m3WITH THE estlmat|0n Of meamd = 005 m and a Standard
—OOSnTkﬁtl; —oam deviationsg = 0.2 m has been considered. On the
Ha = ga T other hand, Table Il shows the mepp and the

N=BM =1 N=aM=E standard deviatiors, of the position estimation
Tag | (M) | oM | mm) | oo(m) error of each tag when the RLS Il algorithm is used
=1 0.39 0.05 0.48 0.08 in the same systems and configurations. Table |
=2 . T shows that the RLS | algorithm has a mean error in
=2 0.48 0.08 the tags localization ofi, = 0.39 m wherN = 8
i=5 0.47 0.08 fixed sensors are used gug= 0.48 m when onli{
= 4 fixed

TABLE Il
ERROR IN THE ESTIMATION OF THE POSITION FOR THE SAME i

NUMBER OF ELEMENTS AND A ROOMIX9X 3 m3 WITH THE -
RLSII, '
4g =0.05 MAND 5, =0.2m - i
N=8M=1 N=4M=5 P ER—
Tag | we(m) [ oo(m) | m(m) | ov(m) = :
i=1 0.26 0.02 0.29 0.02 5 Hd I
i=2 - - 0.29 0.02 04
i=3 0.29 0.03
i=4 0.29 0.03 b i
i=5 0.28 0.02 ozl g
o1 e
one has\ = 8 fixed sensors and = 1 tag, whose o) : |
position is desired to know. The second localizatio ' dim) '
system hadl = 8 fixed sensors arld = 4 tags. The Figure 1. CDF of the positioning estimation of tag
third one hadN = 4 fixed sensors anél = 5 tags = 1, with ud=0.05 mgd = 0.2 m.

and the last one ha$ = 4 fixed sensors and = 4

tags. 10 different configurations have beersensors are used. It can be observed that, for the
simulated in each system, where the tags movB#S | algorithm, an increase in the number of fixed
randomly around the room with a maximum speegnsors implies an improvement of around 20% in
of the tags of vmax=5.56 m/s. New ranging the accuracy of the position estimation. On the
estimations are received eveYy= 24 ms. Every= other hand, Table Il shows that the RLS Il
15 measurements the matBxvas reset in the RLS algorithm has a mean error in the tags localization
1. of yp = 0.26 m wherN = 8 fixed sensors are used
ndp, = 0.29 m when onl\ = 4 fixed sensors are

For the first and second systems, the eight fix% ed._I_I;t\;\ll: le)mvfl)srigr]]e (r)%ssuelﬁ\sleprtehs;ni(reglr%ﬂgblﬁ

fhegsrg(r)smh?(;? tﬁietr;]ilr(zlcgtne dd tll‘rl]eef%Chl’tI‘(l) fsthseteﬁ;nic\l%@orithm presents an improvement in the accuracy
' u y » R the positioning estimator of more than 60%.

of the four sensors have been placed in o .
diagonal at 0 m height and the other two have beﬂ/?oreover, for the RLS I algorithm, the system

; : ; With four fixed sensor achieves nearly the same
placed in the other dlagona_ll at 3 m height. Thererrmean error as the system with eight fixe¥j sensors
of the distance estimation among sensors 'Is '
assumed to be normally distributedy,,o2) . Fig_ure 1 presents the _Cumulative Distribution

Function (CDF) for the tag = 1 for the selected

Table | shows the mean and the standafdom of size 9x9x3 f and under the same
deviation the position estimation error of each tagmulation conditions as in Table | and in Table I
for a system witlN = 8 fixed sensors arld = 1tag The CDF provides the probability of the distance
and for a system witN = 4 fixed sensors ard = error in the estimated position to be below a @erta

5 tags when the RLS | algorithm is used. Note thaistanced. It can be observed that the system with
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N = 8 fixed sensors has an error in the position
estimation of the tags smaller than 0.84 m in the
95% of the cases when the RLS | algorithm is usec
and smaller than 0.50 m when the RLS II algorithm
is employed. When onlN = 4 fixed sensors are

used, the error is smaller than 1.03 min the 95% o0 . 7
the cases when the RLS | algorithm is used anc & ..l....5. 2.
smaller than 0.57 m when the RLS Il algorithm is ° ;
employed. Hence, we can conclude that, the
proposed RLS Il algorithm presents better accuracy
than the RLS | algorithm. Additionally, for the RLS :
Il algorithm, an increase in the number of fixed I _
sensors does not imply a significant improvement L e ; 1

in the accuracy of the system. )

Table 1ll and Table IV present, for two different tag':ilgulrfevﬁihcﬂié gtShﬁupéo:ag.ozmrﬁg estimation of

localization systems, the accuracy of the RLS |
algorithm and of the RLS Il algorithm respectivelysimulation results shown in Table Il and Table IV.
In the first systemN = 8 fixed sensors andl = 4 Both tables show the mean, and the standard
tags are used; in the second systéhw 4 fixed deviationo, of the position estimation error for
sensors andM = 4 tags are employed. We camrach tag. It can be observed in Table | that th& RL
observe that in both systems four tags are used, agorithm has a mean error in the tags positibn o
required by the CONFIDENCE system; the only,= 0.38 m wherN = 8 fixed sensors are used and
difference is in the number of fixed sensors. Faf p,=0.48 m whenN = 4 fixed sensors are
both systems, an error in the ranging estimation efmployed. On the other hand, when the RLS Il
meanpy = 0.05 m and a standard deviatii= 0.2 algorithm is employed in a system whh= 8 fixed
m has been considered to obtain theensors, a mean error in the tags position of
TABLE IIl. Hp =0.25 m is obtained. When only = 4 fixed

ERROR IN THE ESTIMATION OF THE POSITION FOR TWO SYEMS WITH Sensors and the RLS ” algorithm are used this
EQUAL NUMBER OF TAGS IN A ROOMIX9X3 m® WITH THE RLS, !

41y =0.05MAND ¢, =0.2m mean error remains aroupg= 0.29 m.
NTEV =T NPTV Figure 2 presents the Cumulative Distribution
Tag | m@ | o) | m@m | o m Function (CDF) for the tag = 1 for the selected
i=1 0.26 0.02 0.29 0.02 room and under the same simulation conditions as
:f; - - 8;3 ggg in Table Il and Table IV. Figure 2 shows that for
—2 029 0.03 the room of size 9x9x3 fnthe system wittN = 8

fixed sensors has an error in the position estonati
of the tag smaller than 0.83 m in the 95% of the
TABLE IV. cases when the RLS | algorithm is employed and

ERROR IN THE ESTIMATION OF THE POSITION FOR TWO SYEMS WITH H H :
EQUAL NUMBER OF TAGS IN A ROOMIX9X3 m® WITH THE RLS Il Sma"er than 050 m Wlth the RLS ” algorlthm 1S

41y =0.05MAND ¢, =0.2m used. For the system with = 4 fixed sensors and
M = 4 tags, the positioning error is smaller than
— (I\IITI;SM:‘Im) 2;4'\":% 1.03 m if the RLS | algorithm is implemented. If
e e the proposed RLS Il algorithm is employed, the
i=2 0.39 0.05 0.48 0.08 positioning error of the system is smaller thari70.5
i=3 0.38 0.05 0.49 0.08 m in the 95% of the cases. We can observe that,
=4 1038 1004 ] 049 | 008 when the RLS | algorithm is used, the increase in

the number of fixed sensors leads to an increase in
the accuracy of the position estimation. However,
when the RLS Il algorithm is employed, increasing
the hardware requirements of the system may not
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be so interesting, as the accuracy of the systdim viaraunhofer 1S, Jozef Stefan
COOSSMarche, University of Jyvaskyla, Umea

not improve significantly.

Institute, lkerlan,

Municipality, eDevice, CUP2000, ZENON.

IV. CONCLUSION

This paper presents an improved RLS algorithmn

for indoor localization systems. A comparison

between the traditional RLS algorithm, the RLS I

algorithm, and the new one, the RLS Il algorithnjy;
has shown the benefits of this new approach.

Four different systems have been studied. In rEtZI?
cases, the new approach of the RLS algorithm
obtains better estimations of the position of Hgst
Additionally, the simulation results have showntthds3]
an increment in the number of fixed sensors with
any number of tags, does not always lead to a
significant improvement in the accuracy of the
position estimation of the tags. In fact, when t
RLS 1l algorithm is employed, the small
improvement in accuracy may not be worth

increasing the number of fixed sensors. 5]
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Personal Mobile Space

Using mobile applications to support the work-rethtvell-being of 50+ employees
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Agora Center University of Jyvaskyla
University of Jyvaskyla Jyvaskyla, Finland

Jyvaskyla, Finland

Introduction

Personal Mobile Spac@Ken mobiilipalvelu} is an ongoing research project aiming to findisohs for
supporting and promoting well-being and learninghwnobile technology. The project addresses a vast
range of different audiences, and one part ofékearch focuses on the aging population. Whenidgfthe
exact goals for the project, one of the generateors that were raised was the need to suppottahsition
from working life to retirement by providing agiregnployees with tools which would enable and mogivat
them to actively monitor and enhance their welkbeiTherefore, developing concepts of mobile sohdi
which address this need became the goal of onepragect of the Personal Mobile Space project.his t
poster, we present the background of this partictdge project, the outcomes of its initial phasesl the
future steps to be taken.

Methods

We employ a user-driven approach consisting, Yirstf workshops for defining the goals and needs an
secondly, field trials for evaluating the concegisl acquiring the users’ experiences. In this daseyell-
being of aging employees was set as a generalcp@ja in a stakeholder workshop with represengatiof
a municipality. A user workshop was then organiuéth eighteen over 50-year-old office employeesriro
this municipality in order to get an understandaigproblems in their working environment and idéas
improving their well-being. In the workshop, idemsd goals for possible mobile concepts were digtliss
The participants also answered three open-endestigng in written form, addressing current problema
issues about their work and their ideas for aatisibr mobile solutions that would support theirkveelated
well-being.

Results

The most problematic issue, according to the engasywas rush (mentioned by 14 out of the 18
participants). Other frequently mentioned issuadunted physical pain (9/18), demanding tasks (7/18)
problems with other employees (7/18) and workingtp@ (6/18). Other problems included lack of ptgki
activity, mental stress, schedules, changes in wasks, sleeping problems, and some problems \gitiga
When asked about activities that would improve waikted well-being, more than half of the partifs
(20/18) brought up exercise breaks during the &mxeral of them also mentioned exercise guidance in
general, nutritional guidance, and improving thexowinity spirit. Similar issues were highlightedoaighen
the participants were asked how mobile applicationght be able to support their well-being. Mobile
exercise instructions and related reminder aledgewwnentioned by several participants, as well agsvof
monitoring and enhancing motivation for free-tintgygical activity.

Discussion

Based on the outcomes, we are currently exploriagil@ solutions for aging employees to improvethei
well-being both in and outside of the work placee Wy out different mobile-based concepts with them
looking for solutions which encourage them to irelegent physical activity, better quality of everydiée
and well-being after their career. Two main consepé being developed.
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The first one is related to exercise breaks invtloek place, based on an exercise program via mobile
phone. Employees can work out with the aid of vidased instructions, send feedback and get rensinder
with help of a mobile phone. An eight-week fieldkperiod of the exercise program will be carread this
autumn with 11 office employees. Everyone is recemaed to work out twice a day, 5 minutes at a time.
Besides acquiring views on the user experiencetlamdisability of the solution, we also examine atiét
aspects related to health (e.g. body mass indely; faw percent, and waist circuit to evaluate thpacts of
exercise) as well as mental and physical stress.

The other main concept is related to independeettime physical activity. It will be based on ttea of
mobile routes outdoors, with checkpoints whichstlyr, provide an easy way to record one’s actiaiy,
secondly, may contain interactive elements. Thetesouwill be planned collaboratively with the
aforementioned user group, and field trial perivdsbe organized.

Keywords mobile technology, well-being, ageing populatioffice work, exercise break, physical activity,
motivation
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Introduction

This research focuses on two innovative devices dha being developed for enhancing well-being of
senior citizens. ThehStick — health stick — is aderaised version of the so-called SOS Passpovwthioh
various health-related data may be saved(bloodpgrtinesses, vaccinations, medication, care \iit,). It
functions as a safety device in case of acutesdieg or injuries and a means for self-care and ggromof
one’s own health. The mStick is a memory and resoence stick; a biographical memory store, and a
device supporting memory and testing it. Persora@raphical documents and materials related tcstiok
owner’s interests are saved in it. Its memory &gt game applications serve those with memory pnob|
but it also serves active old people by providingamingful entertainment. It is an excellent assstievice
for care workers. The philosophy behind the hSiscthat a human being is interested in her/his oxetl-
being. The stick stimulates people to monitor armhte their own health. It makes contacts withaand
health care transparent. It may be useful whemtesbedication and learning self-care (e.g., diekgtor
when mapping insomnia or feelings of pain. Thegsaphy behind the mStick is based on the notiohaha
human being is a biographical creature, whose mgmevrer disappears completely — let alone memadities.
enables bed-ridden people’s connections to otleeregland other times; improves quality of lifeedidents
in institutional care and also enriches social lkife healthy old people, and promotes and cultivates
communication and inter-generational interactiondi@ary USB sticks (and similar gadgets) functian a
devices for information storage. Sticks are in fim@front of the developments in gerontechnologyeyl
represent avantgarde but user-driven technologyetimpowers rather than labels; they imply proactind
tailor-made rather than reactive and standardin&disns; and the focus is on quality of life rattiean on
health alone. The concrete starting point — thek stself — is simple, but the concept is linkedatwide range
of research and development activities.

Methods

The sticks are being piloted among groups of gidpdople in the Lahti region in Finland. A larger
number of pilots in different environments are ®launched in late 2010— early 2011. The earlytipdo
phase has been studied by means of interviews.pilbiis to be launched will be studied in a systemat
manner throughout their implementation. The reseapproaches to be utilized are (i) assessmenmddts
of sticks on the elderly users, their near relatiware personnel, care organizations, and thetgpaind (ii)
research of accessibility and usability of thekstidmpacts are understood in a wide sense coveiang
instance, social, health, cultural and economicaictgy Methodologies developed for Human Impact
Assessment studies will be utilized [1]. Researchasessibility and usability will be based, fostance, on
international standards concerning human-systearaiction. In addition to interviews, research mdtho
include observation, use of learning diaries andesys.

Results to be expected and conclusion

The research is at its early stages as part of @ R&ject that started in August 2010. Some eabylts
will be available by the end of 2010. The large R&ject that lasts until the end of 2013 provides
excellent opportunity for long-term impact and asikility assessment. The project is implemented by
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University of Helsinki, Palmenia Centre for Coniimg Education in collaboration with Lappeenranta
University of Technology, Lahti School of Innovatidt is funded by the Regional Council of Paijéirhe.
Experts in several scientific disciplines (such ascial gerontology, nutrition, health sciences,
gerontechnology, design, art-based methods, userdrinnovations and business management) are
involved. Results of the research are expectedhéd $ight on users’ needs; good practices in ugee,
practice-based technology and service developmeciinical accessibility and usability; social, emmic
and other types of impacts on different stakehsldevolved, and promotion of innovation procesgesa
developmental outcome of the project, an operaltiomalel for content production and exploitationtiog
sticks will be drafted. The research responds &l@hges in service production brought about byaipeing

of the population. Results will be of use for pablrivate and non-governmental third sector oizgions,
educational organizations, private citizens, thegar relatives, and individual care workers. Thejgmt
provides a multi-faceted basis for research aneldpment of service, content and product desigupport
elderly people’s responsibility and activity inugs related to their well-being.

Keywords gerontechnology, health promotion, memory suppampact assessment, accessibility, user-
driven innovation

[1] Reference: Raappana, Anu; Rauma, Marika & Mglkdelina (2007) "Impact of safety alarm systemscare personnel”,
Gerontechnology, 6 (2), April, 112-117.
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Introduction

In this paper we present an overview about a systeeloped within the Seventh Framework Program
(FP7). The system is designed to detect a wideerahgisks with a single sensor unit, enhancing ititgb
and enabling elderly to take active part in thd-setve society by reducing their fears. We utilthe
flexibility of vision based sensors and combinwith acoustic event detection to enhance the riétyabf
the overall system. The potential dangers, whiah loa detected, include smokef/fire, flooding, fails
sudden changes in daily life caused by a deteroratf the health condition. The overall aim is the
integration of the supply chain and the reductibarriers (i.e. fears and concerns), which impetties
mobility of elderly people, often suffering fromrdentia or light loss of cognitive activities.

Methods

We use cameras equipped with microphones as sesi@isng a flexible and extendable solution and
being able to detect different kinds of events #iameously by applying powerful computer vision and
audio processing algorithms. Furthermore, a las@fuapproach is used, performing analysis of tenes
on each camera individually and combining the irmhlial results to get an overall decision afterwards
be able to visually detect risks, various patteognition and image processing algorithms areeghprhe
combination of motion detection and identificatioh feasible features results in a general formisk r
detection, being able to cope with different risks.

Results

Research has shown that elderly and their relatigeslly have a lot of fears. These fears in génera
yield in a low self-efficacy causing less activigs elderly are afraid of many things and thusyio
reduce the risk by avoiding them. Due to this i, muscle strength decreases leading to lessipatibn
in social life and reducing the quality of life tnendously. This often strengthens their fears fram
psychological point of view but also from a physipaint of view: due to reduced muscle strength the
number of falls increases, yielding in a highemr feafalling. To enhance the participation of elgtein
social life and their mobility, the prevalence ehfs has to be minimized. Our system is able twigeo
safety, as in case of a fall or other danger (srgoke due to cooking) an alarm will be activated
automatically. Due to this feeling of safety, elden general have fewer fears as the consequesfcasy
incident are reduced enormously. Hence there iseason for avoiding activities any more, resulting
more actively participation in the self-serve stciehich directly influences the wellbeing in gealer
(higher muscle strength, less depressions,...)dHrét are feeling well, they have much more joy émas
being even more active.

Discussion

The ethical and practical implications of this pjare studied as well as possible side and lemg-t
effects over the whole project duration, thus eingua focus on ethical and legal issues. Any kih@dAL-
systems not only influences the primary end-usatshe full range of persons linked to and relategith
them. AAL-systems have to be conceptualized agsystvith an equilibrium of capabilities and degoée
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intrusion: on the one hand, the more the systendesect and directly intervene, the higher the ibdiy

of reducing cognitive demands for the end-user itan trigger negative side-effects: (a) changhmey t
focus of control from internal to external, (b) vedd self-efficacy, (c) loss of responsibility. Alf these
factors are known to accelerate cognitive decliné fster depression. On the other hand, a systdm n
perceived as present and reliable will miss itsnmauirpose: to assist and to increase well-being and
security.

Conclusions

The straightforward integration of an ambient dsesdis technology in already existing
buildings/houses/flats is essential to ensure & biggr acceptance. Hence, small and flexible sereser
needed to provide a system with minimal intrusiisual and optical sensors are able to fulfill tvegeds
and they are able to adapt to new scenarios e&siiploying this powerful system enhances eldedgk-
efficacy as well as their mobility by reducing thisars.

Keywords fears; sorrows; automatic risk detection; séit:acy; barriers;
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