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Abstract. Collective intelligence is a concept under development that could 
have an important impact on eInclusion, adding a social component to the 
actions in favour of disadvantaged people. Even if some interesting applications 
of the concept have been presented, their description so far mainly deals with 
the technical aspects of their implementation. The main message of the paper, 
based on  preliminary work in the laboratory and experiments in the field  
under preparation as an activity in the AAL (Ambiente Assisted Living) project 
FOOD, is that a careful analysis of the features of the problem to be addressed 
and of the community potentially active in the support cooperative network can 
lead to a more efficient set up and running of applications based on the 
collective intelligent concept. 
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1 Introduction 

The term intelligence is used with different meanings according to the field of applica-
tion and addressed problems. Recently, this term has often been used in ICT, specified 
by two different adjectives. Ambient intelligence mainly identifies environments where 
intelligence embedded in objects unobtrusively supports people in specific activities, for 
example at home, at work, and in open spaces. A different meaning is assumed by the 
term, when it is connected with the adjective collective. In this case it characterizes a 
phenomenon that involves a group of people who communicate through a network shar-
ing their knowledge in order to solve common problems. The concept of collective in-
telligence can be considered as a new emerging feature of communities of connected 
human beings and a new contribution to the acquisition and production of knowledge. 
This paper deals with networking of people carrying out a specific set of activities deal-
ing with feeding. Its main objective is to set up and test a method to identify necessary 
services and applications in this environment and the crucial aspects where collective 
intelligence can have a significant impact, with main emphasis on eInclusion. 

2 Examples of Applications 

Collective intelligence is being used in many applications and is defined in several 
different ways [1]. Some authors hypothesize that good results can be reached with a 
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form of collective intelligence arising from the merging of web 2.0 with the semantic 
web [2]. As an example of this approach, a multilayer infrastructure can be considered 
where information without a defined structure originated in a social forum is filtered 
and organised, starting from a natural language interpreter which enrich and populate 
an ontology. This can allow new users of an application (for example a recommender 
system) to have increasingly accurate answers from the system.  

 

Fig. 1. – Block diagram of the collective intelligence system 

In Figure 1 the block diagram of a collective intelligence system set up in our labo-
ratory [3] is shown.  It has been applied to a tourism information system, where peo-
ple with activity limitations can have information about the accessibility of hotels. A 
general ontology and information produced in the European project C.A.R.E. [4] are 
enriched extracting data from natural language comments available in recommender 
systems used as a repository of common knowledge. 

Another interesting application in the field of eInclusion has been set up by IBM 
[5]. It addresses the problem of non-accessible Web pages. On request by a user, a 
network community takes care of modifying Web pages to make them accessible, e.g. 
when a screen reader is used. 

However, so far most of research in the field has been devoted to understand if and 
how a collective intelligence system could be implemented. An additional interesting 
question is whether a sufficient knowledge can be extracted from the application field 
and the characteristics of the community potentially available to start a targeted de-
sign of applications based on a collective intelligent approach. The context of the 
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FOOD project, in which the laboratory is presently involved, offers an interesting 
application environment to carry out this investigation. 

3 The FOOD Project 

FOOD (Framework for Optimizing the prOcess of feeding) [6] is a three years project 
part of the Ambient Assistive Living (AAL) scheme. It deals with the feeding process, 
considered as an activity to be carried out in an intelligent environment: the kitchen. It 
addresses all the relevant aspects: (i) the management of the environment itself, in-
cluding e.g. safety and energy saving; (ii) the preparation of food; (iii) the acquisition 
of goods necessary for the preparation of food; (iv) the acquisition of information 
related to the food (e.g. recipes).  Since the project, belonging to the AAL program, 
is devoted to elderly people, other functionalities are considered available as sensors 
of parameters relevant for health care and information facilities for diet check and 
suggestions. In all these different activities, as getting goods and acquiring informa-
tion about suitable diets and corresponding recipes, each user is not considered iso-
lated at home, even if surrounded by many interconnected intelligent devices. On the 
contrary, the users will be provided with several options for communication with 
caregivers, relatives, public services, who can support them in the different activities. 
The house is seen as the node of a network, where all people form a cooperative 
community, which communicates through a technological infrastructure.  

In the FOOD kitchen, inhabitants can rely on different levels of intelligence. At the 
lower level intelligent objects and their interconnection take care e.g. of the correct 
behaviour of all alarm sensors (as fire or flood), the correct opening and closing of the 
doors, the basic maintenance and control of the equipment, the control of the equip-
ment from the perspective of energy consumption. At this level the FOOD system, if 
correctly implemented, provides users with the sort of unobtrusive intelligence that 
facilitates the daily life activities without being too invasive and therefore probably 
not appreciate by them. Then, all networked and centrally controlled equipment of the 
kitchen are supposed to support the person in tasks connected to the preparation of 
food, from  reminding them that they have to prepare it to controlling that all activi-
ties are compatible with security standards and coherent with the task people are car-
rying out. At an higher level, intelligent agents have the responsibility of supporting 
people in activities relevant for acquisition of food that can be automatized, at least 
partially, as: inventory and control of the goods that people have at home, automatic 
acquisition, if authorized, or support to the acquisition of food for shops in the 
neighbourhood, suggestion of diets compatible with the health situation. On top of it, 
the collective intelligence of the people in the network of caregivers, relatives, 
neighbours and Internet users in general is supposed to be active. This is the intelli-
gence that is the main interest in this paper. It can be instrumental in favouring many 
of the above considered activities, introducing a social component that could be in-
valuable for the well-being of people, particularly of older people, many of whom 
suffer from some form of segregation from the society. 



 Collective Intelligence for Einclusion 33 

Other aspects that must be considered in the design and implementation of applica-
tions based on collective intelligence to support older people in their independent 
living at home are the investigation of factors that could concur to limit the interest of 
end users in being part of a cooperative network and the possibility of modelling the 
possible behaviour of the network, aiming at an efficient implementation. 

4 The FOOD Community 

As described above, the FOOD project is not limited to some sort of advanced house 
automation, but also includes a specific system layer where the use of technologies is 
supposed to facilitate social interaction with relatives, neighbours, caregivers, Internet 
users in general and access to network services.  

Therefore, in order to study the possible impact of networking itself and of collec-
tive intelligence on increasing the quality of life of people at home, it is necessary to 
identify carefully the characteristics of the network community considered potentially 
available and contributing to the pilots carried out in the project. Obviously, not only 
the people directly involved in the pilot (about ten families each pilot) must be con-
sidered, but all groups of people involved.  The list includes: 

• End users; 
• Relatives; 
• Neighbours; 
• Caregivers; 
• Experts in field related to the feeding process such as doctor, chefs, etc.; 
• Personnel of shops or markets. 

Contributions by each of them, even if with different roles, are needed in order to 
provide efficient services, pooling their knowledge about a specific application sector. 
Obviously, if all previous competences are included, the system increases in complex-
ity, being the network made up of people with different knowledge, expertise, and 
language. 

Being part of the AAL scheme, FOOD is supposed to carry out three pilot demon-
strations of the proposed and implemented applications. They will be carried out in 
the Netherland, Rumania, and Italy. This introduces further complexity, since the 
communities on which the foreseen collective intelligence support will be based be-
long to different cultures, with significant differences, for example, in social habits, 
economic situations, penetration and availability of technology and technology-based 
applications. 

Finally, an additional level of complexity of the analysis comes from the fact that 
the FOOD system is being set up in different steps, starting from the displacement of 
the basic technology for the control of the environment and growing to be a node of 
an open network. Therefore, the services and applications and all components of the 
social network are not available at the same time. A community with all members 
considered above, who contribute with their knowledge to the intelligence in the sys-
tem, is not available from the start. The network is supposed to grow in time and, 
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therefore, the development of its characteristics needs to be carefully modelled and 
guided, in order to avoid frustration due to an incomplete deployment of the expected 
functionalities. On the other side, a real richness of different expertise is available, 
including also partners in the project made up of researchers, industry, end user or-
ganisations, and design institutions.  

To cope with the above described complexity, instead of setting up the network 
and running experiments with it, a different approach has been adopted. First, the 
network is modelled and its main characteristics as a social network are identified, in 
order to help developers to identify the main modules of the entire system. One of the 
main objectives of this analysis is to allow an easy integration of this level of collec-
tive intelligence with the other intelligence levels active in the kitchen.  

5 Modelling of the Collective Intelligence Network 

In order to apply concepts of collective intelligence in a specific application field 
(FOOD), the system under development and its functionalities are examined taking 
into account a model of collective intelligence available in literature [7]. Other inter-
esting models are offered by the MIT Centre for collective intelligence [8]. The same 
problem is schematised with a small number of parameters, according to the metaphor 
of the human genome. Starting from four basic question, which are: Goal (what), 
Incentive (why), Structure/process (how), Staffing (who), a complete model can be 
constructed. A comparison between the two approaches is, however, outside the scope 
of the discussion here. 

In the used model, first a classification in active and passive systems is introduced. 
If users do not realize its presence, the system is defined as passive. Some passive 
systems are used for infomobility, where the controller of the car can detect danger-
ous situations and introduce modifications in driving. In active collective intelligence 
systems a crowd behaviour is created and coordinated through specific system re-
quests. For this last category an additional classification is introduced, considering 
competitive and collaborative systems. FOOD system is an example of active collabo-
rative system, because users are supposed to cooperate with other members of the 
community in order to reach individual targets. In the modelling exercise, the analysis 
towards the implementation of a collective intelligence system is facilitated by the 
discussion of the following list of elements: 

• Type: difference between passive and active systems; 
• Set of user actions: it includes all the actions, influencing the results, that an indi-

vidual user can perform; 
• System state: it includes the minimum set of variables that can identify the system. 

In the FOOD environment examples are the quality of the recipes in connection to 
health problems, as a compromise between quality of ingredients and cost, and the 
quality of social contacts developed in the network;   

• Community and individual objectives. This is very important, since it stresses that 
technological knowledge is not sufficient to build an effective collective  
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intelligence system, if the objectives for every user and for the community are not 
carefully identified and met; 

• Critical mass of participants in the network that can sustain it; 
• Motivation of participants. 

These two last elements refer to an aspect which merits a lot of attention. There are 
indeed too many applications with an excellent implementation, which do not provide 
the expected results, due to an insufficient number and motivation of involved  
members. 

The developed modelling procedure can be utilised to organise the work, hopefully 
leading to a correct set up and running of applications based on a collective intelli-
gence approach in the FOOD system. The first step is the identification of objectives. 
The global objectives can be stated as: (i) increasing of general awareness about the 
food cycle; (ii) facilitation of the diffusion of the information to the end users; (iii) 
support in the identified necessary steps (from acquisition of food, to the control of 
cooking) for correct feeding. The individual objectives correspond to the list of ser-
vices identified as necessary in the needs elicitation phase of the project. The list of 
services includes three main clusters: 

• Environmental control; 
• Food management; 
• Shopping.  

In the first cluster the control of several sensors for fire, gas, open doors, connected to 
an alarm system, is foreseen. These services are private and not interesting for the 
cooperative network. A second group is dealing with food management. This includes 
a food inventory, a recipe database and a food box. At this level the FOOD network is 
active and needs the cooperation with different actors, such as medical doctors, nutri-
tionists, and relatives in order to identify the correct nutrient values of ingredients in 
the suggested recipes. At the third level related to shopping, the network involves still 
more people and adequate motivation for participation must be elicited. Relationships 
with shops or markets are introduced. This level includes a virtual market (a list of 
ingredients among which the user can choose) , the shopping list, payments. 

Table 1 compares two contexts, the first is the open software development com-
munity that is very well known and the second is the FOOD system. This comparison 
is under analysis in order to provide designers an additional instrument to set up a 
useful system.  

The critical mass is a parameter, whose influence in design of collective intelli-
gence applications is of particular importance. This parameter can be defined only in 
an approximate way at the beginning of the application set up and is supposed to be-
come more accurate after a first phase of test. This is why an indication of this pa-
rameter is not included in the previous table.  
 

 
 



36 L. Burzagli and P.L. Emiliani 

Table 1. Parameter of CI systems 

CI system  Open Software Development 
Community 

FOOD system 

Type Active, collaborative Active, collaborative 

Set of users 
actions 

Contribute source code Contribute food knowledge  

System state Software quality Quality of information about the 
food process  

Community 
Objective 

Increase quality of produced soft-
ware 

Increase awareness of food cycle 
and facilitation of the process 

Individual 
objective 

Personal goals (adding no existing 
functionalities , fix bugs, customize 

to own needs) 

Personal goals (see previous list of 
services)  

Critical mass   

Motivation Enjoyment, socialize Enjoyment, socialize 

 
After this first categorization, the most critical points of the FOOD system have 

been identified more carefully. One of them is motivation. If users do not find imme-
diately a substantial utility from the system, they will limit their interaction only to a 
small group of standard and trivial activities, without trying to construct a personal 
way to take full advantage of the intelligent environment. 

6 Conclusions 

The paper considers the problems in setting up collective intelligence systems not 
only from a technological point of view, but also from the perspective of the possible 
compliance with a number of parameters which describe the system. Using this analy-
sis, the designer identifies aspects of the system related to the possible impact of a 
collective intelligence system, before considering the most appropriate software tools 
for the implementation of the system.  

This procedure has been adopted in the AAL FOOD project, which includes a lim-
ited number of end-users, but is supported by several different support groups with 
different expertise, with the objective of showing that older people can benefit from 
the development of a collective intelligence system.    
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