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Abstract. In eInclusion, the main interest has traditionally been in granting
interaction with ICT, i.e. the accessibility of interfaces. Due to the developments
toward an AmI (Ambient Intelligence) information society, the technology of
interest in accessibility and its integration in multimedia interfaces matched to
the user requirements and preferences are becoming of interest for the general
customers. Therefore, the point made in the paper is that the concept of eIn-
clusion, as it already happened at the political level, should be generalized to
include actions able to guarantee well-being. Therefore, it becomes necessary to
collect knowledge about activities necessary for living comfortably and enjoy-
ably, to identify and implement an ICT environment offering the functionalities
to carry them out and to make available the quantity and quality of intelligence
necessary to adapt the environment to different users and contexts of use.
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1 Introduction

The continuous development of ICT technology has been considered both a possible
risk and a potential opportunity in offering people the possibility of accessing infor-
mation, communicating, and being in control of the environment. From an ethical and
conceptual perspective, the reported definition of eInclusion as a right of any person to
be included in any human activity is a recent very important development at the social
and political levels: “eInclusion” means both inclusive ICT and the use of ICT to
achieve wider inclusion objectives. It focuses on participation of all individuals and
communities in all aspects of the information society. eInclusion policy, therefore, aims
at reducing gaps in ICT usage and promoting the use of ICT to overcome exclusion,
and improve economic performance, employment opportunities, quality of life, social
participation and cohesion1. This implies that all citizens have the right to be granted
availability of all information and communication facilities in the Information Society
and, when necessary and possible, to be supported by ICT for achieving their goals in
all environments.

1 Pt. 4 Ministerial Declaration Approved Unanimously on 11 June 2006, Riga.
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One of the aspects of eInclusion is to obtain inclusiveness by making systems and
services accessible to all citizens, but this is not enough. For example, when people are
supported by ICT functionalities for independent living at home, particularly if they are
have some cognitive impairment, this requires more than accessibility to systems and
services. The environment should be able to support them with specific functionalities.

The reality is far from this principle. Ideally, everyone agrees on the fact that life
should be comfortable and enjoyable. However, if people are old, comfortable and
enjoyable is downgraded to independent. Enjoyment is supposed to come from the
happiness they should feel because society can save money if they are independent.
Moreover, if people have some lack of ability, irrespective of their age, the main
perceived problem is that the human/technology interface of ICT systems, services and
applications should be accessible by them. Subtitling for deaf people and/or a screen
reader for blind people is what is considered satisfactory for helping them.

The paper aims to make the point that technology is mature enough for being
exploited as a support to construct environments where people can live independently
in a comfortable and enjoyable way, irrespective of the lack of abilities due to age,
impairment or context. This is possible using the knowledge about necessary activities
of people in the different living environments, integrating the right technology and
introducing enough intelligence in the control of the environment.

In order to make discussion more understandable with practical example reference
is made to the AAL FOOD2 Project (Framework for Optimizing the prOcess of
FeeDing). In the project, under the responsibility of the Italian Company Indesit, a
kitchen environment has been developed with interconnected appliances, an Internet
link and services and applications dealing with all aspects of feeding (e.g. from
accessing databases of recipes and getting ingredients for cooking to socializing around
food topics with friends). Activity and results are reported elsewhere [1]. In this paper,
the FOOD project is used from one side as a source of practical and concrete examples
to support the discussion and from the other as a case study for pointing out remaining
problems to be considered in future developments.

2 Supporting Knowledge

As asserted in the introduction, from the perspective of eInclusion, the main concern
should not be about accessibility, but about the possibility of granting people an
independent, but also comfortable and enjoyable life. A lot of knowledge is necessary
to cope with the corresponding problems. It is necessary to know:

• Activities to be carried out in order to live (e.g. feeding, going around, socializing,
entertaining …)

• ICT functionalities necessary to support people in these activities (e.g. being able to
communicate by voice or video, to access information for buying goods, to pay for
them)3;

2 http://www.food-aal.eu.
3 In the paper, functionality is used as a synonym of service.

Knowledge, Technology and Intelligence for eInclusion 429

http://www.food-aal.eu


• Preferences of people for the implementation of the functionalities and the inter-
action with them;

• Technology that can be used to implement the functionalities and the interfaces;
• Level of intelligence to be used to control the entire living environment. This must

include the possibility of a Design for All [2] technical approach, defined as the
possibility of introducing adaptability to the single user and adaptivity to her
behavior.

Moreover, since in an intelligent environment the knowledge is supposed to be
used not only by human designers during set up but also by the system control during
use, it must be available in a formal representation.

For what concerns activities and functionalities a lot of knowledge already exists.
One classical example is the International Classification of Functioning and Disabili-
ties, produced by the World Health Organization (WHO) in 2001 [3]. It presents a
classification of Body Functions, Body Structures, Activities and Participation, and
Environmental Factors. The classification can also be expanded, and a few modifica-
tions have already been approved by the WHO [4]. Moreover, the ICF classification is
now also available as an ontology. ICF allows the connection of activities and
sub-activities with functionalities and with possible limitations to their performance
due to lack of personal abilities and contextual factors. As an example, with reference
to the FOOD project, in the ICF classification feeding is obviously listed as one of the
fundamental activities for living and it is clearly stated what people must be able to do
for feeding: they must decide what to eat, collect the food, know how to cook it, cook it
without danger4. More specifically, the following relevant activities are considered:
Acquisition of goods and services (d620), Preparing meals (d630), Doing housework
(d640), Caring for household objects (d650), Complex interpersonal interactions
(d720), and Informal social relationships (d750). It is interesting to note that human
relationships are considered relevant in this context.

However, the situation is much more complex, since food can interfere with the
health situation of people. With reference to a specific example such as diabetes, not
only the health aspects are considered, but also the more general aspects related to
well-being. The ICF classification has been extended to consider the impact of food on
health, e.g. on the diabetes disease [5, 6]. Fourteen ICF categories of the “Activity and
Participation” components are considered influential from the patient’s perspective.
Moreover, lot of additional knowledge is also available. An example of food ontology
for diabetes control is presented in [7] within the domain of nutritional and health care.
This ontology has been produced in the context of the PIPS (Personalized Information
Platform for Health and Life Services) international project [8], to manage heteroge-
neous knowledge coming from different source.

These are only some examples of the available knowledge about activities to
guarantee well-being to people. It is interesting that most of it (as ICF) is formalized
(normally as ontologies) and therefore usable with reasoning techniques.

4 This may appear trivial, but many projects still conduct user needs analyses to rediscover these
simple facts.
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An enormous amount of knowledge also exists about available or foreseen tech-
nology of interest for the creation of inclusive environments and/or for the support of
people in them. The main problem is that information is too much and varying too fast
to be efficiently organized in a form (e.g. with semantic components), useful to reason
about its usefulness in situations of interest. Moreover, a structured information critical
for granting easy interoperability of different components is normally lacking.

Knowledge about the user is of fundamental importance. From this perspective, it is
crucial to consider two aspects. The first is “what” (i.e. what activities people should be
able to carry out for a satisfactory life), the second is “how” (i.e. how people like to
carry out them). For the first aspect, since the main goal is to consider the variety of
users, it is important to utilize international classifications that are produced and
approved by a wide range of stakeholders, as the already cited WHO ICF document,
produced through the agreement of people around the world and therefore widely
accepted. Users should be involved in defining the how component, e.g. if they like to
buy food in a shop or on the network, to get recipes from books or for friends and so
on. Therefore, the real implementation must be made in a continuous cooperation with
end users.

Finally, it is important to take into account that people, even if they live inde-
pendently, should be considered part of the society. Complex interpersonal interactions
and informal social relationships are considered important by ICF also for feeding.
Many investigations are being carried out about the possible impact on and use by old
people of emerging social networks. The collected knowledge should be taken into
account when the selection of functionalities for supporting people in their daily
activities is made.

3 Technology

The living environments are now changing in a fundamental way with the development
of the information society as an intelligent environment as foreseen by ISTAG [9].
Technology and correspondingly its individual human-technology interface is sup-
posed to disappear for the user consciousness and to be embedded in appliances and in
the living environment. According to most technological forecasts, computers, as the
ones we are using today, will only remain in some professional environments. All
objects (not only home appliances, TV sets, telephones or hifi systems, normally
perceived as technological objects, but also e.g. lamps, furniture and so on) will have
computers embedded and will exhibit some intelligence.

Correspondingly, interfaces as the ones available today, based on screens with
windows and allowing interactions through the manipulation of objects (textual,
auditory, and graphical) on them, are supposed to disappear. Interaction will be with
the objects in the environment and based on media and metaphors automatically
adapted to what is available, the user and the context of use. A migration is foreseen
from a model where the user interacts with a computer or a terminal, to a model where
the user interacts using (disembodied) natural interfaces with functionalities made
available by single intelligent objects, by their cooperation under the supervision of a
control center, and by the cooperation through external networks, as depicted in Fig. 1.
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An intelligent environment, through its Ambient User Interfaces (AmUIs) [10],
should be able to:

• Take advantage of the available infrastructure, in order to support seamless,
high-quality, unobtrusive, and fault-tolerant interaction that is tailored to the current
needs and characteristics of a particular user and context of use;

• Allow multimodal interaction distributed in space (e.g., employ the TV screen and
stereo speakers to provide output, and get input through both speech and gestures);

• Monitor and use behavior patterns extracted from the interaction itself: in a pro-
active way (e.g. comparing user’s routine with an optimal routine and suggesting
activities), in preventive way (checking the status of appliances and monitoring
actions left unfinished such as cooking in order to prevent accidents), and in
assisting way (e.g. by analyzing and extracting the user’s path patterns outside the
house, the system could make suggestions and issue reminders).

Considering the present situation, it is clear that the main developments have been
in the “ambient” component, meaning that a lot of sensors and systems with on board
computers and possibilities of interconnections have been made available, without an
in depth analysis of how the acquired information can be integrated and used to support
people. Less effort has been devoted to the “intelligence” that should lead to compo-
nents as the one listed by the ISTAG experts:

• Media management and handling, including presentation languages that support
“produce once” and “present anywhere”, methods and tools to analyze content and
enrich it with metadata, and tools for exploiting the Semantic Web;

Fig. 1 The Ambient intelligent environment
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• Natural interaction that combines speech, vision, gesture, and facial expression into
a truly integrated multimodal interaction concept. This should allow human beings
to interact with virtual worlds through physical objects and to navigate the available
information;

• Computational intelligence: natural language search and dialogue systems, systems
that can adapt to human behavior, and computational methods to support complex
search and planning tasks;

• Contextual awareness, to support navigation in public environments and to support
context-aware control and surveillance systems;

• Emotional computing that models or embodies emotions in the computer, systems
that can respond to or recognize the moods of their users, and systems that can
express emotions.

The consideration of these intelligence components is supposed to help in con-
structing an environment that according to ISTAG should be able to:

• Facilitate human contacts;
• Be oriented towards community and cultural enhancement;
• Help to build knowledge and skills for work, better quality of work, citizenship and

consumer choice;
• Inspire trust and confidence;
• Be consistent with long-term sustainability – personal, societal and environmental -

and with life-long learning;
• Be controllable by ordinary people.

4 Intelligence

In conclusion, designing for eInclusion is not only a problem of accessibility, but it
implies the re-design of entire living environment that needs to be in control of a
reasoning system. This must be able:

• To identify needs (activities to be carried out) from available formalized knowledge
and preferences about the way of implementing them from single users;

• To select and implement the functionalities necessary for carrying them out within
the limitations and preferences of the single person;

• To select the technology and develop interfaces for its interoperability;
• To make available the suitable interactions.

From the users’ perspective, the main perceived features of an AmI environment
are probably its adaptability to their requirements and preferences and adaptivity to the
changes in their behavior or in the context, as already claimed by Design for All.
However, the situation is more complex. Adaptability and adaptivity should not only be
limited to the interaction and based on simple deterministic rules as: if the user is blind
then use voice and sound interaction. Instead, AmI needs real reasoning capabilities for
identifying the goals of the users and helping users in fulfilling them using the available
resources.
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The quality and quantity of intelligence necessary can be assessed considering the
requirements expressed in the ISTAG document, where the main high-level design
requirements of an ambient intelligence environment are listed. It 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 behavior can be tailored to the
user’s needs);

• Adaptive (i.e. its behavior can change in response to a person’s actions and
environment)

• Anticipatory (i.e. it anticipates a person’s desires and environment as much as
possible without the need for mediation).

It is evident that these necessary features require real intelligence and the core of an
AmI system can be described with reference to Fig. 2.

The control part is made of two main blocks. The first is a knowledge base where
information is available in a formal representation about:

• Activities to be carried out in the environment;
• Functionalities, whose individual use or cooperation with other functionalities in

complex applications is necessary to carry out the activities;
• Technology, whose basic functionality and embedded intelligence can be used to

implement the functionalities;
• Interoperability, i.e. description of interfaces and communication protocols to use

technology in an integrated form
• Users: abilities of individual users and their requirements and preferences about

functionalities to be used to support them in carrying out the necessary activities
with the preferred interaction;

• Interactions: available interaction capabilities and possibility of integration.

Fig. 2 The intelligent control
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Information is made available to a reasoning system able to:

• Enrich the knowledge base acquiring and integrating information already received
in a formal representation and/or extracting it from informal information (for
example expressed in natural language);

• Use the information in the knowledge base to construct in an unobtrusive and
anticipatory way adaptability and adaptivity in the functionalities made available
and in their interactions.

Considering examples from the same FOOD project, the fridge in the kitchen
should be aware of its contents, suggesting recipes based on what is available or what
to buy, according to the identified habits of the owner. It should be able to connect with
the supermarkets to order the necessary goods, select the one where the quality/price
ratio is maximized, and pay them in compliance with a predefined limit. If the user
want to choose personally, it should show the products on the supermarket shelves,
with information about their characteristics. The oven should remind people that it is
time to start cooking or automatically start it, using cooking cycles built in by the
producer or previously generated by the owner. The entire kitchen should guarantee the
safety of the person in any situation. Moreover, and this is the level where accessibility
needs to be considered, the environment should be able to interact with the person in
the form that s/he likes.

Finally, applications that appear trivial to most people instead require a lot of
intelligence. Let assume that a person is diabetic. In the Applications markets, hundreds
of applications are available aimed to suggest a correct diet. But, this does not simply
depends on knowing if some ingredient is present in the available food as in the case of
allergies, but on a set of conditions: the type of diabetes, the real time measurement of
the present status, what the person ate the previous day, what will probably be available
today and tomorrow, the activities to be carried out. The problem is so complex that an
expert system is necessary to decide about the diet [11]. The expert system uses a lot of
knowledge about the illness, the characteristics of food and the interrelations between
the illness and the food, fortunately already available in a formalized form.

5 Conclusions

ICT can potentially be useful to all citizens including users with activity limitations
(due to an impairment, or age or the context), who often require to be “assisted” to
reach well-being in their independent life. In order to take advantage of the new
possibilities offered by the technological developments it is necessary:

• To exploit existing sensorial, computing and networking technology and their
integration in an ambient infrastructure transparent to the user;

• To produce intelligent human machine interfaces based on the modalities of natural
human interaction;

• To develop designed-for-all services and applications that will assist the user to
cope with their possible activity limitations;
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• To take advantage of research in the fields of cognitive systems, computer vision,
monitoring and event recognition, reasoning, natural human-computer interaction,
data and media collection, handling and presentation;

• To integrate sensors and services/applications in an intelligent control system.

As a conclusion, a careful integration of knowledge, technology and intelligence is
necessary.
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