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Abstract. In this position paper the information society is supposed to emerge 
as some form of Ambient Intelligence (AmI) environment. On the basis of the 
results of the DfA@eInclusion project, it is maintained that this development 
asks for a different approach to the solution of inclusion problems, i.e. the De-
sign for All (or Universal Design) approach. The main lines of research and de-
velopment activity to be carried out in order to contribute to the development of 
an inclusive AmI environment are then pointed out. 
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1   Introduction 

Universal Access is receiving increasing attention, due to the recently emerged inter-
est at the political level and to the technological developments. From the political 
perspective, the Riga Ministerial Declaration (2006) defines eInclusion as a form of 
Universal Access, i.e. as the right of people to be granted availability of all informa-
tion and communication facilities in the Information Society and to be supported by 
ICT for achieving their goals in all environments.  

From the technological perspective, the information society is materialising as 
some sort of ambient intelligent environment, which, if suitably designed, could de-
velop according to the two components foreseen in the definition of eInclusion in the 
Riga Ministerial Declaration. First, it could make available an accessible ICT envi-
ronment where intelligent objects offer (support) functionalities useful for access to 
information, interpersonal communications and environmental control. Moreover, the 
environment is assumed to be connected with the external world and it could contrib-
ute with more complex functionalities (services), also offering explicit support to 
people. From the perspective of interaction, a migration is foreseen to a model where 
people use (disembodied) natural interfaces with functionalities made available by 
single intelligent objects, by their cooperation under the supervision of a control cen-
tre, and by the cooperation through external networks. 

According to the definition in the Riga Declaration, e-Inclusion will be favoured 
by this emerging environment, if the functionalities made available will be inclusive 
(i.e., accessible) and if they will take care of supporting users with activity limitation, 
by redefining activities so that they can be carried out with the available abilities, 
and/or by proactively supporting users in tasks where they have limitations. 
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2   Universal Access and Design for All 

In this position paper, it is maintained that Universal Access needs a conscious and 
systematic effort based on Design for All, in order to develop an Information Society 
available to all citizens. The requirement for Design for All stems from the different 
dimensions of diversity, which are intrinsic to the Information Society. These dimen-
sions become evident if the analysis is not limited to few and narrow user profiles, but 
considers the broad range of user characteristics, the changing nature of human activi-
ties, the variety of contexts of use, the increasing availability and diversification of 
information and knowledge sources and services, the proliferation of technological 
platforms, etc. 

This needs a redefined research agenda for solving the eInclusion problems. In the 
Design for All for eInclusion project (DfA@eInclusion – www.dfaei.org), a Coordi-
nation Action funded by the European Commission to support the European Design 
for All e-Accessibility Network (EDeAN - www.edean.org), the main conceptual 
aspects of Design for All in ICT, i.e. of mainstreaming eInclusion, have been dis-
cussed. Methodologies for its implementation have been defined and examples of 
technical approaches for its implementation have been presented. Then, methodolo-
gies have been defined to elicit gaps in research and developments from the perspec-
tive of eInclusion. The methodologies, which take into account the two aspects of  
e-Inclusion as defined in the Riga declaration are structured in order to consider: (i) 
the evolution of the present situation, where the focus is upon the interaction with 
specific devices and services; (ii) the emergence of the AmI Information Society, 
where interaction with the environment becomes relevant. 

3   Methodologies for the Structured Identification of R&D 
Agendas 

Due to the inherent characteristics of Design for All of being a user centred method-
ology, the analysis of the possible impact of technological developments and, conse-
quently, the identification of research and development activities to carry out in order 
to maximise advantages and minimise risks of exclusion for all citizens must start 
from an analysis of user needs, requirements and preferences. 

First, the inclusion problems created by present technology and possible solutions 
were considered. Then, the AmI environment was analysed. Unfortunately, the tech-
nology to be used in AmI environments is only partially available and the way of 
integrating it in functional environments (apart from some preliminary examples in 
the home environment) is under study. Therefore, the elicitation of user needs, re-
quirements and preferences is not straightforward. There are not products to be tested 
in real usage contexts. It is necessary to use methodologies based on usage scenarios. 
However, the DfA@eInclusion project did not create scenarios, because there are 
plenty of scenarios about possible future instantiations of the “Information Society”, 
created by the European Commission (e.g. by ISTAG (ISTAG, 2003) and by the 
SWAMI project (Friedewald, 2006), or by industry (e.g. Siemens) and outside Europe 
(e.g. by the Australian Government). The project used available scenarios to construct 
a simple narrative, which describes possible situations of people’s life connected to 
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the use of ICT. People with different abilities are virtually observed and opportunities 
and problems are pointed out. When problems are identified and these can be consid-
ered as caused by knowledge or technological gaps, research activities are looked for 
that can possibly reduce these gaps improving eInclusion. 

Firstly, an optimistic analysis was carried out, meaning that the AmI environment 
was considered as a perfect implementation of the specifications, and possible inclu-
sion problems were pointed out. Then, a SWAMI perspective was assumed, consider-
ing that something could go wrong from a technological and/or organizational  
perspective (Safeguard aspects). The project adopted a subset of the list of issues 
identified in the SWAMI project: i.e, privacy, security, identity, trust, loss of control, 
dependency, surveillance, identity theft; malicious attacks. 

4   A Research Agenda 

In the short term, when eInclusion problems are connected to available technology 
characterised by ICT systems, services and applications based on multimedia and 
multimodal interactions, a lot of knowledge resulted available. The matching of the 
user abilities with different media and alternative functionalities to be offered to peo-
ple with activity limitations are widely described in available literature. 

The situation is different if Design for All as a design methodology in ICT in the 
AmI environment is considered. For example, it resulted that there are Design for All 
aspects for which research is needed. The first is the impact of DfA on the user, con-
sidering, e.g., the efficiency of DfA solutions, their cost, and acceptability. The sec-
ond is the impact of the methodology on industry, as, e.g., the penetration of DfA in 
mainstream industry, its impact on planning the design of new products, the economic 
aspects, business cases, etc. 

In the medium-long term, the main effort is not supposed to be devoted to the iden-
tification of gaps in the accessibility to specific technologies, systems and services, 
most of which will be probably taken care by the foreseen developments of technol-
ogy itself, but of gaps in the generation and application of the knowledge that can lead 
to a “Design for All” solution to the problems of eInclusion in general.  

4.1   Users in the Research and Development Cycle 

Recommendations for research activities in HCI are connected with the need of inte-
grating users in the design process and are based on the concept of extending user-
centred design to support new virtual activities. At the scientific level, this is also 
connected with the need to establish a cross-discipline research agenda, fostering 
potential synergies amongst relevant disciplines. The main research lines are summa-
rised in the following. 

Foundations for designing computer-mediated human activities in the Information 
Age. User-centred design (Norman and Draper, 1986) has surfaced as the primary 
design approach to facilitate usable interactive systems. User-centred design, as a 
philosophy, should be extended to provide a more prescriptive design framework. 
Actions in this area should strive to assess potential HCI design contributions rooted 
in disciplines that focus on human communication in social contexts (e.g., develop-
mental psychology, the social sciences, the humanities, etc) and extend existing  
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analytical design approaches (e.g., design space analysis techniques) with social con-
structs to provide new methods for studying virtual spaces.  

Metrics for important interaction quality attributes. Metrics provide a powerful in-
strument for measuring different aspects of an interactive system. In the past, the field 
of HCI has attempted to provide metric-based techniques in the form of usability 
scales for measuring qualities of interactive systems. Actions are needed to extend 
metrics to interaction in the emerging environment. 

Computational tools for usability engineering. Usability engineering has been tra-
ditionally conducted without the assistance of computational environments or tools. 
Actions in this area should aim to provide for computer-supported usability engineer-
ing platforms comprising inter-operable software components.  

Requirements engineering methods to facilitate the elicitation of requirements in 
novel contexts of use and different user groups. Actions in this area should strive to 
provide improved means for eliciting, capturing and consolidating requirements for a 
broad range of activities in the Information Society, including the development of 
tools to facilitate the mapping of requirements to design concepts. 

Protocols for effective user participation in design activities. Actions in this area 
should aim to: (i) establish new methods and tools for managing user participation in 
design; and (ii) promote practice and experience of participatory design and develop 
suitable models. 

4.2   Interaction in Ambient Intelligence 

It is clear that the problem of interacting with AmI environments is more complex 
than interacting with a computer. It is not any more a problem of giving access to a 
keyboard, a pointer, and a screen where object are manipulated to produce and access 
(multimedia) information. People must interact with a multitude of objects that is 
supposed to concur to give them the possibility of communicating, accessing informa-
tion and controlling the environment. The nature of interaction in AmI environments 
will change, evolving from human-computer interaction to human-environment inter-
action (Streitz, 2007). Interaction shifts from an explicit paradigm, in which the atten-
tion is on computing, towards an implicit paradigm, in which interfaces themselves 
drive human attention when required. 

It is likely that some of the built-in features of AmI environments, such as multi-
modality, will satisfy the requirements of a wider base of user groups, thus facilitating 
the provision of solutions that will be accessible by design (Emiliani and Stephanidis, 
2005). However, due to the intrinsic characteristics of the new technological envi-
ronment, it may be that interaction will pose different perceptual and cognitive de-
mands on humans compared to currently available technology. The main challenge in 
this respect is to identify and avoid forms of interaction which may lead to negative 
consequences such as confusion, cognitive overload, frustration, etc.  

Individualisation and user interface adaptation. A critical property of AmI  
environments will be their capability for adaptation and individualisation. This is 
necessary to ensure accessibility by all users to community-wide information and 
communication resources, as well as to satisfy experiences in the use of systems that 
carry out a broad range of social activities. 
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Design recommendations for suitable/plausible interaction modalities and combi-
nations. In the recent history of HCI, the visual modality has been predominant in the 
systems and tools which have been developed for humans to work with. However, it 
is presently becoming pertinent to consider multimedia and multimodal interaction. 
Thus, it is important to investigate how to design for alternative modalities and how to 
combine modalities into integrated environments.  

Architectures for multiple metaphor environments. The notion of a multiple meta-
phor environment implies a particular embodiment of an integrated system, capable of 
performing context-sensitive mapping between concepts from a source domain to 
symbols in a (target) presentation domain (or metaphor), and vice-versa. Actions are 
needed to determine how multiple metaphor environments can be constructed and 
how they can provide the technology for building systems exhibiting desired usage 
properties. 

4.3   Group Activities 

In the AmI environments group activity become particularly important. It is therefore 
useful to devote efforts toward the development of integrated systems sharable by 
communities of users (environments of use). In contrast to tools, which enhance the 
productivity of individuals, environments of use would promote the concept of sys-
tems suitable for a broad range of communication and collaboration intensive activi-
ties amongst groups of people. Finally, they should provide unobtrusive means for 
supporting social activities.  

Properties of environments of use. Such environments (e.g., the virtual university, 
the virtual theatre, the virtual market place) are likely to be substantially different 
from conventional interactive software. To facilitate the construction of such envi-
ronments, studies are needed to identify their properties and characteristics, as well as 
the norms that characterise their operation.  

Novel architectures for interactive systems for managing collective experiences of 
users and non-users. Traditional interactive software architectures do not account for 
several of the desirable or envisioned properties of environments of use, such as in-
teroperability, adaptation, co-operation, intelligence, etc. (Stephanidis et al., 1998). 
Actions in this area should strive to introduce and validate new architectural models 
for interactive software; define desirable architectural properties (e.g., adaptation, co-
operation, collaboration, portability, interoperability, scalability, modifiability) and 
produce guidelines on how they can be met.  

Multi-agent systems and components to support co-operation and collaboration. 
Two of the important dimensions of environments of use are expected to be (a) a shift 
in the computing paradigm, departing from the desktop embodiment of the computer 
to distributed “intelligence” in the living environment; and (b) co-operation and col-
laboration, which will need to be facilitated and actively supported. In this context, 
and in order to address the two dimensions together, it is necessary to cater for envi-
ronments that will be jointly inhabited by human and software agents.  

Social interaction amongst members of on-line communities. A primary character-
istic of the emerging broad range of human activities in the Information Society is 
their inherently group-centric and social nature. In order to facilitate the development 
of “sociable” interactive environments, it is important to enrich the current practices 
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with concepts which have a social focus. New models are needed to facilitate social 
awareness, social immersion and social navigation in virtual spaces.  

Methodologies for collecting/analysing requirements and understanding virtual 
communities. Traditional models and tools of information processing psychology, 
focusing on individual users, need to be enhanced to provide a broader view of inter-
action, accounting for small groups and communities of users.  

Individual/collective intelligence and community knowledge management. Recent 
advances in telecommunications and, in particular, networking, have broadened the 
scope and type of computer-mediated human activities. Increasingly, users find them-
selves associated with various virtual/on-line communities to attain professional and 
social goals. Knowledge, therefore, no longer constitutes an individual's asset, but a 
community-wide resource which can be shared and articulated by members of that 
community. Actions are needed to support the life-cycle of communities and commu-
nity-based knowledge management.  

Accessing community-wide information resources. Information generated and cap-
tured by virtual communities of users should be stored and accessed in a manner that 
is effective, efficient and satisfactory for the individual members of the community. 
Actions are needed to facilitate human interactions with large information spaces (and 
concurrently with other humans) and to provide technological solutions which will 
make community-wide information resources accessible, scalable to new generations 
of technology, persistent and secure.  

4.4   Support Services 

Some interesting conclusions can be drawn from available scenaria, with reference to 
services available as an integral part of the AmI environment and service whose de-
ployment can be of interest of people with activity limitations. 

First of all, environmental control systems, introduced for the independent living of 
persons with motor disabilities, become an integral part of all living environments. 
Another type of service (relay services) of interest for people who cannot hear/and or 
speak is available by default in the AmI environment, where voice recognition and 
synthesis, automatic translation, gesture recognition (sign language and lip reading) 
and animation (synthetic sign language and lips movements) are available. The entire 
AmI is a pervasive and sophisticated alarm and support/control system. AmI can 
continuously control people’s behaviour in the various environments according to 
their known habits and intervene if necessary. For example, if a person cannot see, 
AmI is able, if necessary, to describe its layout and functionalities, as well as the 
functionalities of its devices. The same is true with navigation systems. They are 
present everywhere. In the AmI environment people are able to converse on an au-
dio/video system and cooperatively access information. This can introduce a remote 
socialisation component, which can be crucial to reduce stress and to support people.  

However, the real winning factor is the “intelligence” in the environment and in 
services, and this should be an important focus of future research activities. A first 
example is the availability of intelligent agents for shopping. According to ISTAG, 
support by intelligent agents is supposed to be available for all citizens. Therefore, 
their implementation is supposed to be considered in the mainstream research and 
development activities. In addition to being intelligent, the agents in the environment 
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must know people. According to the Design for All approach, this is one fundamental 
task left to eInclusion in this particular environment, i.e. the collection of information 
about (i) user characteristics and (ii) user behaviour in the different contexts to be 
used in user modelling systems. 

5   Intelligence in the Environment 

Intelligent agents seem interesting to offer focused services to people. They normally 
address a single “intelligent” task and try to mimic the behaviour of the owner. The 
problem is much more difficult when the entire environment or complex parts of it 
must be controlled in a way to show behaviour that people can consider “intelligent”. 
The problem is too far reaching to be tractable in this paper. Only, some examples 
will be made in order to give an idea of the complexity of the involved problems.  

At the technological level, artificial intelligence is crucial in supporting the devel-
opment of basic technologies considered important in the implementation of AmI. For 
example, the ISTAG experts write that pattern recognition (including images, speech 
and gesture) is a key area of artificial intelligence which is already evolving rapidly 
and should improve significantly the situation.  

At the level of interaction, a smart environment may provide an extremely large 
number of complex choices. An interface that directly offers all the possibilities to the 
user may result cumbersome and complex. On the contrary, the user interface should 
act as an intelligent intermediary between the system and the user. This is the reason 
why Artificial Intelligence methods and techniques are starting to be used for the 
development of adaptive intelligent interfaces. Intelligent interfaces are first supposed 
to be able to adapt to the user’s physical, sensorial and cognitive capabilities, some of 
which may be restricted due to aging or impairments and/or may change along the 
day, due to e.g. fatigue, and changes in motivation. To this end, the interface must 
have a model of the users and be able to make “assumptions” about their actual situa-
tion from the current value of a number of parameters as measured by sensors and/or 
made available by the evolving interaction behaviour. Moreover, an intelligent inter-
face must be able to recover from errors in adaptations. 

Another important characteristic of the human interfaces for smart environments is 
their spatial dependency. Many features and possible effects of interaction depend on 
the position of the user. For instance, a simple command as "switch on the lights" 
must be differently interpreted according to the place where it has been given. Pro-
vided that the user is located with enough precision, the interface needs a spatial 
model to be able to decide what the lights to be switched on are. In addition, the inter-
face, in order to avoid potential dangers, must be able to decide the services that can 
be offered to the user in the current location.  

In contrast to graphical user interfaces, ambient user interfaces should take advan-
tage of the available AmI Infrastructure, in order to support interaction that is tailored 
to the current needs and characteristics of a particular user and context of use. Thus, 
they could be multimodal and distributed in space (e.g., employ the TV screen and 
stereo speakers to provide output, and get input through both speech and gestures), 
allowing interaction with the ambient technological environment in an efficient, effec-
tive and intuitive way which also guarantees their well-being, privacy and safety and 
supporting seamless, high-quality, unobtrusive, and fault-tolerant user interaction. 
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At level of context of use, the AmI environment must take care of the contexts of 
use. In AmI, the situation is very complex, because in the ubiquitous interaction with 
information and telecommunication systems the context of use may change continu-
ously or abruptly and the same systems or services may need to behave differently in 
different contexts. Recently, research tendencies have evolved to consider context not 
statically, but as a process, defined by specific sets of situations, roles, relations, and 
entities. It is not sufficient for a system to behave correctly at a given instant, but it 
must continue to behave correctly for the entire process. This requirement is coherent 
with the idea that in AmI intelligence must be essentially in the environment and not 
in the individual objects. Functionalities will be surely more easily available if they 
can migrate through the network, instead of being entrapped in objects.  

Another important issue is avoiding the risk of a possible mismatch between the 
model of interaction of the system and the user’s mental model of it. As a matter of 
fact it must be considered that in today systems, designers have pre-programmed 
solutions for the design space of the systems, while in AmI the interaction space is ill-
defined and unpredictable. In a context, defined as above, three level of abstractions 
exist: the sensing level (numeric observables), the perception level (symbolic observ-
ables), and the level of the identification of situation and context. This is the level 
where the conditions for moving between situations are identified and anticipate 
needs of the user and of the system. This requires replacing explicitly coded responses 
to situations and contexts, with a higher-level, more knowledge-intensive use of ma-
chine-readable strategies coupled with reasoning and learning. 

At the level of intelligent support, additional complexity can be inferred if the main 
specifications of an AmI environment are considered. According to ISTAG, the ambi-
ent intelligence environment must be unobtrusive (i.e. many distributed devices are 
embedded in the environment, and do not intrude into our consciousness unless we 
need them), personalized (i.e. it can recognize the user, and its behaviour can be tai-
lored to the user’s needs), adaptive (i.e. its behaviour can change in response to a 
person’s actions and environment), and anticipatory (i.e. it anticipates a person’s 
desires and environment as much as possible without the need for mediation). There-
fore, in AmI the emphasis is on (abstract) goals of the users that the environment must 
infer and structure in a set of tasks adapted to the users themselves and the context of 
use (for example without interfering with the goals of other persons in the same  
environment).  

The acceptability and uptake of the new paradigm will be essentially dependent on 
how smart the system is in inferring the goals (desires) of the users in the varying 
contexts of use and in organising the available resources (intelligent objects, services 
and applications in the environment) in order to help users to fulfil them. This means 
that an “intelligent” control must be available. So far most of the available control 
systems are deterministic. This is not compatible with the emerging situation for two 
main reasons. The first is that AmI is not only concerned with measurements from 
sensors, but with goals of people to be fulfilled and interaction in a social context. 
Moreover, it must take into account that the emerging model may be a social group 
interacting in order to cooperate for carrying out activities connected with independ-
ent living and interactions within a social environment. 

Finally, ambient intelligence is also supposed to inspire trust and confidence and to 
be controllable by ordinary people. The requirement about trust and confidence is 
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very challenging, because they can be obtained only if the user has a complete knowl-
edge at the conceptual level of the running principles of the systems, services and 
applications and is given the possibility of controlling all the steps necessary to obtain 
the required results. For what concerns control by ordinary people, in some discus-
sions, a simple and naïve concept is assumed, i.e. that the user is given the possibility 
of switching off the system, service or application. But the problem is not so simple. 
For example, switching off the telephone can be a problem if a user is connected 
through it to an alarm system or a health care monitoring system. Therefore, it is nec-
essary that the AmI environment is able to cooperate with the users, according to their 
profile (e.g. culture, technical knowledge, and possible impairments), the context of 
use, and the emotional situation in order to find a compromise between privacy or 
fatigue etc. and possible security aspects.  

6   Conclusions 

The technological developments that lead to an Information Society as an Ambient 
Intelligence environment as such seem to increase the possibilities of inclusion, be-
cause the technology which was so far mainly used in niche environments (for exam-
ple voice synthesis and recognition) is supposed to be made available for use by the 
public at large. 

The AmI environment also promises to be structured in such a way that many ser-
vices used to support people with activity limitations (e.g. alarm and control services) 
are integral part of it, particularly if a Design for All approach is used. Interdiscipli-
nary problems, mainly related to the introduction of users in the design cycle and to 
group activities, appear of particular importance. Both in the interaction with the 
environment and its organization and control Artificial Intelligence appears as one of 
the most important sectors of future activity. 
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