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Abstract. Ambient Intelligence (AmI) is considered a likely future embodiment 
of the information society, according to development scenarios proposed 
worldwide. With reference to the scenarios developed in Europe by the Infor-
mation Society Technology Advisory Group (ISTAG), this position paper 
maintains that, up to now, the attention has been more on the smart objects that 
are supposed to populate the environment and their interfaces than on the “intel-
ligence” of the entire system. The latter is of paramount importance if users are 
to be served according to the specifications of the AmI environments. Corre-
spondingly, the current notion of Design for All needs to be revised in order to 
take into account the additional complexity of the emerging information  
society. Examples of the main points to be considered are offered in order to 
elicit discussion. 

1   Introduction 

According to converging worldwide agreement, the Information Society is developing 
towards an ambient intelligence environment in which people are surrounded by fixed 
and mobile intelligent objects that are interconnected through fixed and mobile net-
works which will allow access to information, interpersonal communication and envi-
ronmental control. It is acknowledged that interaction with the intelligent environment 
will have to be redefined in order to guarantee certain characteristics that are consid-
ered necessary for the environment, not only to be acceptable but also usable and 
useful: i.e. to be unobtrusive, customizable, adaptive to different user needs, and an-
ticipatory [1]. 

While most problems for integration within the present Information Society are 
connected with a suitable structuring of information and an accessible interface of 
users with the system (including an appropriate use of different modalities), integra-
tion within the ambient intelligence environment is much more complex because of 
the multiplicity and heterogeneity of intelligent objects in the environment, the variety 
of contexts of use, and the diversity of user goals. 

The main purpose of this position paper is to discuss the meaning and role of “in-
telligence” in the emerging environment, by arguing that up to now the main empha-
sis of the development activity has been more in the “ambient” aspects of the  
emerging environment that is in the intelligent objects, their interconnection, and their 
interfacing [2-5], than in the intelligence of the environment as such, needed for iden-
tifying the goals of the users, how the goals become modified in different contexts 
and how AmI can contribute to their fulfilment in a way that is acceptable and  
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accessible by the users. Correspondingly, Design for All approaches that have been 
developed to make Information and Communication Technologies (ICT) systems  
and services and their interfaces accessible to all potential users need a revision  
and generalization at the technical approach level, in order to cope with emerging 
accessibility problems.  

2   Design for All 

2.1   The Classical Approach 

Recently, due to changes in the political and social attitude towards problems of 
socio-economic integration and the increasing importance of information technology 
and telecommunication in our society, an interest in the Design for All (universal 
design) approach that has been developed in architecture and industrial design, has 
grown in connection with the problems of accessibility to ICT systems, services, and 
applications. 

However, while in architecture and industrial design, Design for All can be con-
ceived as an approach that leads to the design of an artefact that is accessible to all 
potential users (architectural barriers are a clear example), when dealing with infor-
mation technology, it immediately became clear that a single artefact (for example the 
interface with a computer) could not be valid for all users. Therefore, even if at the 
conceptual level the definition of Design for All as “the design of products and envi-
ronments to be usable by all people, to the greatest extent possible, without the need 
for adaptation or specialized design”1 is the same in the various application environ-
ments, the implementation approach had to be carefully reconsidered. 

The proposed approach, which was first applied in the design of human computer 
interfaces [6] and then generalized to the implementation of complete applications, is 
based on the concepts of adaptability and adaptivity [7;8]. The central idea is that the 
variety of possible users and contexts of use can be served only if the systems and 
services are able to adapt themselves automatically to the needs, requirements and 
preferences of every single user. The adaptation must be guaranteed at run time 
(adaptability) and, dynamically, during interaction (adaptivity). Adaptation to users is 
now considered an important feature of all systems and services in ICT, even if in 
most cases this general claim is considered to be satisfied by introducing some form 
of personalization under the control of the user. 

2.2   Design for All in Future AmI Scenarios 

The situation is much more complex if an instantiation of the information society as 
the one sketched in the introduction is taken into account. In fact, the information 
society is no longer seen as a support to the execution of activities such as accessing 
and manipulating information or communicating with other people, but is supposed to 
have an impact on all aspects of our social activities. This is clear if the socio-political 
factors at the basis of the deployment of the new technology and application environ-
ments as discussed in the ISTAG documents are considered2. According to ISTAG, 
                                                           
1 See the Trace Center website at http://trace.wisc.edu/world/gen_ud.html 
2 See ISTAG web page at http://cordis.europa.eu/ist/istag.htm 
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AmI should: (i) facilitate human contacts; (ii) be oriented towards community and 
cultural enhancement; (iii) help to build knowledge and skills for work, better quality 
of work, citizenship and consumer choice; (iv) inspire trust and confidence; (v) be 
consistent with long-term sustainability – personal, societal and environmental - and 
with life-long learning; (vi) be controllable by ordinary people. In essence, the chal-
lenge is to create an AmI landscape made up of ‘convivial technologies’ that are easy 
to live with. 

Accordingly, the main high-level design requirements of an ambient intelligence 
environment are that it must be unobtrusive (i.e. many distributed devices are embed-
ded 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 tailored 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). 

It is clear from the above design requirements that Design for All in the informa-
tion society must be much more than personalisation (adaptability) and adaptivity, 
which however are among the required features of AmI. Smart devices and (complex) 
services are supposed to be embedded in the environment, and must be able to pro-
vide support to users only when they need them, anticipating their desires. Moreover, 
this must occur in any place and context of use and in any moment. This requires the 
deployment of an infrastructure for supporting ubiquitous connection and computa-
tional power, but also of intelligence for identifying the goals of the users and helping 
users in fulfilling them. Therefore, the environment must not only be filled with intel-
ligent objects (that is, computer-based systems), but must also be able to reason with 
regard to the goals of the users and to optimise the support in accordance with the 
resources available. 

From this perspective, it is interesting to report some of the comments that ISTAG 
experts offer concerning the intelligence present in the environment [1]. For the Maria 
scenario, they report that the intelligence is in the seamless and intuitive support that 
Maria has as she goes around in her high-pressure world. She does not have to negoti-
ate each step of her trip, because intelligent agents take care of most practical ar-
rangements, even if she is always in control. This allows her to concentrate on the real 
purpose of her trip, in this case making her presentation. In the Dimitrios scenario, the 
system has to have a lot of intelligence. It must capture, process and share data about 
humans’ lives by constructing and managing knowledge databases, while most of 
decision are made by agents. The seamless intercommunication of devices will gener-
ate a permanent and invisible data flow. The real role of AmI here is to expand human 
relationships. Mass consumption of D-Me’s will create the possibility of people-
based, ad-hoc networks that protect people from unwarranted interference in their 
lives and provide possibilities of making new contacts and interactions. It is supposed 
to develop a continuously changing virtual space in which amounts of virtual relations 
develop. Here, it is important to observe the complexity of the privacy and security 
problems in this environment as regards the criticality of the information to be used 
(database of a human’s life) and the complexity of the virtual environment foreseen. 
Reasoning about decisions connected with the exchange or withdrawal of critical 
information will be of paramount importance as far as acceptance is concerned. For 
Carmen, the AmI approach leads to a much more efficient and user-friendly urban 
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environment. It tries to optimise among the competing goals (e.g. individual prefer-
ences versus the good of the population) for the use of the urban space. This involves 
the operation of very large-scale systems, and requires societal acceptance of the 
legitimacy of the results (i.e. automated speed controls). Lastly, for Annette and Solo-
mon the role of the AmI environment is to permit greater empowerment of users - 
starting with mentors and students - over their own tasks and processes in a learning 
environment. The system provides instant feedback on many different issues, which 
does not result from rule-based systems, but from the ability to record and review (if 
possible, quite literally) experiences of past and present participants. Moreover, tech-
nologies capable of supporting social (learning) processes must be deployed. The 
system starts with the simple provision of a network for communication and a collec-
tive corporate memory, on which gradually many different kinds of new applications 
can be built and to which new technological possibilities can be added. Therefore, it 
can be concluded that a lot of intelligence is necessary in the system in addition to 
what is needed to make systems and services adaptable and adaptive to the needs of 
the users. 

3   Levels of Necessary Intelligence 

While many problems connected with interaction with the present Information Soci-
ety are actually linked to a suitable structuring of information and an accessible hu-
man system interface, integration within the ambient intelligence environment is 
much more complex, due to the interplay of different levels, e.g. the physical level 
with a multiplicity and heterogeneity of intelligent objects in the environment and 
their need for a continuous and high-speed connection, the level of identification and 
consideration of the variety of contexts of use, and the level of elicitation of the diver-
sity of user goals and help in their fulfilment. 

The system (intelligent ambient environment) must be able to seamlessly integrate 
the three levels considered above. At the lower level, all objects in the environment 
must incorporate intelligence and must be interconnected and able to cooperate in 
order to support the goals of the user. Moreover, the environment must be reconfigur-
able in real time, to cater for the introduction or removal of components (for example, 
objects that users entering the environment may have with them), by remodelling its 
support as a function of the available resources. This aspect of the intelligent envi-
ronment is a prerequisite for its development, and the reconfiguration must take into 
account the variability of the contexts of use and the goals of the users. 

At this level, artificial intelligence is crucial in supporting the development of basic 
technologies considered important in the implementation of AmI. For example, the 
ISTAG experts write that pattern recognition (including speech and gesture) is a key 
area of artificial intelligence which is already evolving rapidly. Speech recognition 
will have a big impact on the miniaturisation of devices and the augmentation of ob-
jects allowing hands-free operation of personal ambient devices. In the scenarios, the 
use of voice, gesture and automatic identification and localisation are implicitly used 
to synchronise systems, so that services are available when people want them. The 
synchronization of systems is indeed a very important aspect. In the intelligent  
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environment, there may be different users with goals that have different importance 
and criticality. AmI must be able to decide how to take care of potentially conflicting 
needs (from the perspective of resources).  

At a higher level, the AmI environment must take care of the contexts of use con-
sidered as processes, which are defined by specific sets of situations, roles, relations, 
and entities [9]. Recently, interest on the right definition and role of the contexts of 
use has grown, when dealing with both the development of user machine interfaces 
and with the organization and representation of information. For example, in connec-
tion with multimodality, it has been argued that the availability of different represen-
tations of the same information could be very interesting in order to avoid problems 
of context-related accessibility. Typical examples are car drivers who are functionally 
blind and motor disabled, meaning that they cannot interact with information and 
communication by using a screen and a pointer. But in AmI, the situation is more 
complex, because in the ubiquitous interaction with information and telecommunica-
tion systems the context of use may change continuously or abruptly and the same 
systems or services may need to behave differently in different contexts. A clear ex-
ample to be considered is the complexity of the situation where a user is carrying out 
some activity in a room (for example, in the kitchen) and a second person enters the 
room. The system must reconfigure itself, not only due to the possible introduction of 
some additional intelligent component, but also because of the change in the context 
of use. The system must accommodate the original goals of two persons, and also take 
into account their interaction, which, for example, may redefine in real time some of 
their goals or change the time scale of different activities. This requires not only a 
complete configurability of the system and service at the level of interfaces and func-
tionalities, but also the capacity of realizing changes in the environment and reasoning 
as to their impact on the context in which they are used. 

When discussing the technology necessary for transforming the scenarios into  
reality, ISTAG experts [10] make a list of its intelligent components. They are: 

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

(ii) Natural interaction that combines speech, vision, gesture, and facial expression 
into a truly integrated multimodal interaction concept, that allows human beings 
to interact with virtual worlds through physical objects, and that enables people 
to navigate the seemingly infinite information which they will be able to access; 

(iii) Computational intelligence, including conversational search and dialogue sys-
tems, behavioural systems that can adapt to human behaviour, and computa-
tional methods to support complex search and planning tasks; 

(iv) Contextual awareness, for instance, systems that support navigation in public 
environments, e.g. in traffic, in airports and in hospitals, service discovery sys-
tems that enhance the shopping experience, and context-aware control and sur-
veillance systems; 

(v) Emotional computing that models or embodies emotions in the computer, and 
systems that can respond to or recognise the moods of their users, and systems 
that can express emotions. 
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The above technologies are the necessary building blocks for implementing AmI 
environments populated by smart artefacts that can adapt to human behaviour and to 
different contexts, The question now is whether the list is exhaustive and what the 
impact of (artificial) intelligence is in really meeting the design requirements. That is, 
creating an environment where people can reach their goals and which they do not 
feel as artificial does not create problems of information overload and confusion, and 
is perceived as being worthy of trust and confidence. 

Indeed, in addition to objects and contexts of use, there is a higher abstraction level 
to be considered. Most of the interaction with currently available systems is based on 
the performance of tasks in a set determined by the application used. In the intelligent 
environment, the goals of the user are the starting point. They must be inferred by the 
system and decomposed into tasks that are adapted to the preferences of the individ-
ual. This is really the level where intelligence plays a crucial role. The acceptability 
and uptake of the new paradigm will be essentially dependent on how smart the sys-
tem is in inferring the goals of the users in the continuously varying contexts of use 
and in organising the available resources (intelligent objects in the environment) in 
order to help users to fulfil them. Moreover, this aspect is also very sensitive from a 
psychological perspective. For example, the system must be able to deal with the task 
of inferring the goals of the users without giving them the impression that they are 
under control (big brother), and must be able to support the users without giving them 
the impression that they are forcing them. It must “offer” possible solutions, not “im-
pose” them. This requires a lot of ingenuity also on the part of human beings, and 
appears particularly difficult for a machine. However, it can also be argued that the 
intelligence in the system does not necessarily have to be artificial, but could and 
probably will also be in the network of interconnected and cooperating persons. 

4   Annette and Solomon 

In order to clarify the main points made above, let us now briefly discuss one of the 
ISTAG scenarios (that of Annette and Solomon) [1]. In the following discussion, it is 
taken for granted that the environment is completely functional from a technical point 
of view: i.e. it includes all intelligent objects necessary for carrying out the foreseen 
activities (sensors to monitor people’s behaviour, actuators for suitably re-structuring 
the space, presentation systems); all the objects are interconnected through a broad-
band network that guarantees the necessary exchange of information, and suitable 
natural interaction systems are deployed. The focus is on the “intelligence” necessary, 
in addition to an efficient network of intelligent objects and natural interfaces, for 
making the scenario suitable for attaining the results described. Here as follows, the 
parts in italics report the scenario as described in the ISTAG document. 

It is the plenary meeting of an environmental studies group in a local ‘Ambient for 
Social Learning’. The group ranges from 10 to 75 years old. They share a common 
desire to understand the environment and environmental management. It is led by a 
mentor whose role it is to guide and facilitate the group’s operation, but who is not 
necessarily very knowledgeable about environmental management. The plenary takes 
place in a room looking much like a hotel foyer with comfortable furniture pleasantly 
arranged. The meeting is open from 7.00-23.00 hours. Most participants are there for 
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4-6 hours. A large group arrives around 9.30 a.m. Some are scheduled to work to-
gether in real time and space and thus were requested to be present together (the 
ambient accesses their agendas to do the scheduling). 

One of the complexities of this scenario has to do with the fact that it addresses a 
group, and not an individual. Therefore, the mentor and the ambient must be able to 
control both the group dynamics and the learning activity. This is why a mentor is 
considered necessary. He/she is not an expert in the topic to be learned. Therefore, 
his/her main role is apparently to work at the level of the group dynamics, while the 
organisation of the learning itself is mainly delegated to the AmI environment, to the 
group of learners, and to external experts. Additional difficulties lie in the fact that the 
group is not homogeneous (it includes people aged from 10 to 75 years). Obviously, 
the members have a different general culture, knowledge of the topic, interests, speed 
of learning, etc. Also, the group composition changes randomly with time, even if 
there are some scheduled meetings. Lastly, the space is not structured, and people can 
seemingly move around while the space is restructured in order to meet the needs of 
groups and individuals. 

Therefore, the ambient must: (i) be acquainted with the topic to be taught and be 
able to organise it at the level of complexity suitable for the individual users, if and 
when they are studying individually, as a function of the user’s present knowledge 
and culture and the goal(s) of the learning activity; (ii) know the individual users, and 
be able to follow them during their movements in the learning space; (iii) organise the 
common work on the basis of the goal(s) to be attained and the people who are in the 
group; (iv) reorganise the work when new persons are added to the group or leave it; 
(v) restructure the space as a function of the different groups that dynamically form it 
by making the necessary resources available; (vi) not interfere with the group dynam-
ics. It must monitor the behaviour of individuals and the group, and support the  
mentor in her activity. This means that the ambient must understand what the mentor 
is doing, be able to reason with regard to the situation of the group, and behave  
accordingly. 

A member is arriving: as she enters the room and finds herself a place to work, she 
hears a familiar voice asking “Hello Annette, I got the assignment you did last night 
from home: are you satisfied with the results?” Annette answers that she was happy 
with her strategy for managing forests provided that she had got the climatic model 
right: she was less sure of this. Annette is an active and advanced student so the am-
bient says it might be useful if Annette spends some time today trying to pin down the 
problem with the model using enhanced interactive simulation and projection facili-
ties. It then asks if Annette would give a brief presentation to the group. The ambient 
goes briefly through its understanding of Annette’s availability and preferences for 
the day’s work. Finally, Annette agrees on her work programme for the day. 

This introduces a new level of difficulty, because the ambient must not only be 
able to organise the learning material according to preset schemes, but must “under-
stand” it as well, because it discusses the correctness of the work done by Annette and 
suggests how to clarify the controversial points. 

One particularly long conversation takes place with Solomon who has just moved 
to the area and joined the group. The ambient establishes Solomon’s identity; asks 
Solomon for the name of an ambient that ‘knows’ Solomon; gets permission from 
Solomon to acquire information about Solomon’s background and experience in  
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Environmental Studies. The ambient then suggests Solomon to join the meeting and to 
introduce himself to the group. In these private conversations the mental states of the 
group are synchronised with the ambient, individual and collective work plans are 
agreed and in most cases checked with the mentor through the ambient. In some cases 
the assistance of the mentor is requested. 

Even if it is not clear what “the mental state of the group are synchronised with the 
ambient” means and what the roles of the ambient and the mentor are, this probably 
implies a level of abstraction that is not compatible with suitable organisations of 
intelligent objects. 

A scheduled plenary meeting begins with those who are present. Solomon intro-
duces himself. Annette gives a 3-D presentation of her assignment. A group member 
asks questions about one of Annette’s decisions and alternative visualisations are 
projected. During the presentation the mentor is feeding observations and questions 
to the ambient, together with William, an expert who was asked to join the meeting. 
William, although several thousand miles away, joins to make a comment and answer 
some questions. The session ends with a discussion of how Annette’s work contributes 
to that of the others and the proposal of schedules for the remainder of the day. The 
ambient suggests a schedule involving both shared and individual sessions. 

Again, the ambient is able to understand the problem under discussion and plan the 
work accordingly, as it is also able to segment it in individual and shared sessions. 
This implies an estimation of the individual’s pace of learning and a careful planning 
for synchronising the individual sessions with the shared ones. 

During the day individuals and sub-groups locate in appropriate spaces in the 
 ambient to pursue appropriate learning experiences at a pace that suits them. The 
ambient negotiates its degree of participation in these experiences with the aid of the 
mentor. During the day the mentor and ambient converse frequently, establishing 
where the mentor might most usefully spend his time, and in some cases altering the 
schedule. The ambient and the mentor will spend some time negotiating shared ex-
periences with other ambients – for example mounting a single musical concert with 
players from two or more distant sites. They will also deal with requests for refer-
ences / profiles of individuals. Time spent in the ambient ends by negotiating a home-
work assignment with each individual, but only after they have been informed about 
what the ambient expects to happen for the rest of the day and making appointments 
for next day or next time. 

This implies a high level of abstraction. The ambient is not a “big brother” that 
controls the activity of the member of the group and participates in the activities ac-
cording to the perceived needs of the learning person. It is able to infer their possible 
difficulties and negotiate its level of participation with the learning person. The learn-
ing environment is not a school, but a place where people pursue a learning experi-
ence. Therefore, they have the right to learn what, how and when they want. The 
ambient must understand this, and negotiate with people only if it thinks that it could 
help in attaining their perceived goal. Moreover, as the mentor’s activity is mainly 
related to the group dynamics, the fact that the mentor and the ambient discuss the 
matter of where the mentor should spend his/her time implies that the ambient has an 
understanding of the dynamics within the different groups. 
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5   Conclusions 

The scenario commented above clearly shows that the usability and usefulness of 
AmI environments is not exclusively related to the availability of intelligent objects 
with natural interfaces that are efficiently interconnected through a broadband net-
work and able to adapt themselves to the different contexts of use. 

To be acceptable and useful, the AmI environment must be continuously able to 
obtain information not only about the users, but also about their goals, the space in 
which people are located, their interpersonal interactions, and the activities to be car-
ried out in order to match the available facilities and support for fulfilling people’s 
goals within the variable contexts of use. This is particularly true when it has to deal 
with groups of interacting people. Moreover, it must be able to “reason” with regard 
to people’s goals and to their variability as a function of the context and the interac-
tion with other people, in order to structure the activities necessary for attaining the 
goals in a way that is matched to the capabilities of the people and to the available 
resources. However, it must not give users the impression that they are controlled; 
instead, they should believe that they are always in control of the situation, and must 
have a sense of trust and confidence. 

Therefore, the Design for All approach continues to be valid at the conceptual 
level, or, rather, it is the only reasonable possibility. This is because environments as 
complex as the emerging ones cannot be designed without taking into account the 
needs, requirements and preferences of all users. However, the underlying technical 
approach must be revised because, even if they are important, the concepts of adapta-
bility and adaptivity, are not sufficient to satisfy the requirements of complex situa-
tions such as the ones described in the Annette and Solomon scenario. 

The “quality” and “quantity” of the necessary intelligence and the balance between 
“natural” and “artificial” intelligence cooperating in the AmI environments is an open 
challenge at both the conceptual and technical levels.  
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