the arrow keys to turn left, right, up, and down.

Note to the reader :

The software ViViANE is undergoing various developments during the year 2005 to improve some aspects of navigation. This work may result in some changes of screen appearance and may also imply some changes of navigation pathways or options. However, the overall structure and content of ViViANE is not being changed, so the guide to users remains essentially valid for the 'revised edition' just as for the first edition.

The following is a list of the main changes expected in the forthcoming version of the ViViANE prototype:

1. Improvement of the welcome page: a "Guided Visit" is proposed at an introductory level. It replaces the existing one with an auto-piloted visit presenting the ViViANE prototype and what it has to offer. Furthermore, it offers a better presentation of the different virtual visits available in the prototype, by presenting not only the guided visit, but also the free and participative visits.

2. Modification of the interface: layout of the 3D and 2D worlds. The window format of the new prototype is changed to a 16/10 proportion, allowing the 3D world to occupy a larger window, and the 2D world horizontally arranged below it.

3. Change of the visual aspect of the 3D world: All the objects in the 3D world have been re-drawn using a "cell-shaping" technique, which allows for a clearer and more didactic appearance. Furthermore, the changes in the landscape are more obvious for each one of the scenarios.

Example of the main interface 4. Choosing a role: Before entering the 3D world, we are given the option to choose to take on the role of one of the stakeholders. 5. Improvement of the legends: An ensemble of legends has been developed to enrich the presentation of the animated scenes and objects. 6. Improvement of navigation in the 3D world: Work has been done to improve the fluidity of movement in the virtual world. The points of interest are more clearly indicated, notably in regards to agricultural exploitations and the results of the simulations of the Scenario Generator.

7. In the 3D world itself, there is a clearer presentation of the purposes of the prototype and the situation in which the user is found at the start of his/her use of ViViANE. 8. Changes in the aspect of the presentation of the Personal Barometer: the new Personal Barometer regroups 2 questionnaires ("Fields" and "Actions") from the Scenario Generator. This allows an evaluation of the changes associated to modifications in agricultural practices, on an individual level as well as in economic and environmental terms. This is all the more coherent since the questionnaire has been developed on an individual, and not a collective level (as assumed in the Scenario Generator). This implies that now, there is access to a presentation of the relationship between agricultural activities and the evolution of the environment in the 3D world from the Personal Barometer, which was not possible until now. The presentation of the results of the simulation was simplified, but the option remains to access the precise results of the simulation. 9. Changes in the Scenario Generator: the logic stays the same as before, except for the subtraction of the two questionnaires, named "Fields" and "Actions", which were reintegrated on the level of the Personal Barometer. The presentation of the simulation results has been simplified, but the option remains to access the precise results of the simulation. 10. Changes in the Deliberation Matrix (multi-actor game): two methods of use are proposed for the Deliberation Matrix: a 'fill-in mode' and a mode where the entirety of the Matrix may be consulted. Also, another method was developed to fill in the Deliberation Matrix. The intersection of the Scenarios/Issues can be done not only by choosing the indicators and rating them (reflection and signification), but can be done directly through the choice of a colour. The colour Red means that the scenario doesn't respond to the treatment of this issue, the colour Green signifies the opposite; the colour White signifies indifference and Yellow, ignorance ("I don't know").

11. Improved reading of the Deliberation Matrix: in the 3D world representation of the Deliberation Matrix, a cursor was created to render the Matrix more or less transparent in order to show only the "slice" on which the user is working.

12. Improved visibility of the elements composing the Virtual Library: the Virtual Library will more clearly present its functions and main functions: KerBabel (documents on methodologies, management problematics, environmental and agricultural management), the Indicator Dialogue Box (detailed presentation of the indicators retained in this prototype) and the Forest of Brocéliande (ensemble of educational resources).

We also wish to thank the different people who have participated in different tests and contributed useful comments.

This work was made possible by the experiments and data gathered from several research projects:

GOUVERNe, « Guidelines for the Organization, Use and Validation of information systems for Evaluating aquifer Resources and Needs » which is financed by the Action 1 (Sustainable management and water quality, RTD Priority 1. 

Preface

The ViViANE prototype v. 1.2.1 was developed as a part of the VIRTU@LIS project (Social Learning on EnVIRonmental Issues with the InTeractive Information and CommUnicAtion TechnoLogIeS), financed by the Information Society Technologies programme (1998)(1999)(2000), within the fifth Framework Programme of the European Commission, and coordinated by Prof. Martin O'Connor (C3ED, University of Versailles Saint-Quentin-en-Yvelines, France). This project grouped together specialists in information technologies, sustainable development, environmental modelling, public policy and governance, and the psychology of learning and distance learning, in order to develop computerized tools for education on the topics of ecosystems and natural resources. The four domains focused on are agricultural pollution, climate change, water resources and fisheries. For each of these four domains, ViRTU@LiS developed learning tools to improve the awareness of citizens regarding management and environmental risks.

This project has allowed the development of innovative multimedia tools for learning, using Information and Communication Technologies (ICT). It involves the organization of scientific knowledge regarding stakes and risks of environmental management, for non-scientific communities. Four types of tools are developed: (1) Personal Barometers, which allow the measurement of environmental impacts of individual lifestyles; (2) Scenario Generators, which target the exploration of changes in economical activity through the durable use of resources; (3) Virtual Visits, or interactive digital environments within which learning can take place; and (4) Multi-Actor Games, which allow individuals to learn about the issues and stakes of governance and access to resources. All these tools have been tested and evaluated by user groups.

VIRTU@LIS has this been a pioneering project for the elaboration and demonstration of generic concepts for the organisation of ICT interfaces for environmental education. The scientific analysis and communication based on ( 1) key notions of systems sciences in terms of environmental pressures and environmental functions, and (2) the philosophical, political and economical concepts concerning the equitable use and management of commonly owned resources. For each of the four environmental domains, specific architectures and programming of the corresponding ICT's are tested and evaluated, for the integration of the four types of ICT concepts (Personal Barometer, Scenario Generator, Multi-Actor Game Play and Virtual Visit) within a virtual reality structure. Interactions with students and with 'outside' stakeholders (businesses, public administration, civil society) have permitted a rigorous evaluation of the effectiveness, and limitations of the whole set of the ICT tools during the knowledge evaluation. The demonstration versions are available for a potential use as : (1) interfaces distributed free of charge on the internet, (2) as a product available, within the scope of agreements, for exploitation in educational contexts and for the education of citizens, in institutions such as schools, universities and territorial administrations, and (3) as communicational concepts and products that may be developed on a commercial and professional basis, for research institutes, for companies, and clients of the public sector interested in the communication between citizens and institutions, and by the dialogues of stakeholders in relation to environmental stakes. 

-Outline of this manual

ViViANE is a multimedia prototype whose goal is to create awareness for environmental risk management in the general public. It can be described as a TIDDD (Tool to Inform Debates, Dialogues and Deliberations), also known as a DST (Deliberation Support Tool). Its goal is to present information and analyses regarding the environmental impacts of agriculture in Europe. The complexity of the relationships and interactions between agriculture and the environment is brought up, highlighting several important issues (maintaining agricultural activity, the use of farm land, the respect of European legislation, water quality…). These issues hold a strategic place on the European level because of the importance of the agricultural economic sector and social demand for preservation of the environment.

Science has contributed much to the production of data, models and analyses in order to allow a better understanding of the effects of changes in agricultural production methods and consumption on the environment. Different areas of study are solicited (agronomy, hydrogeology, biology, chemistry, sociology, economy…). It is not always easy to create connections between the elements provided by these different areas of study. Also, local knowledge which may exist should not be neglected. Farmers, political and institutional representatives… have collected various experiences rich in teachings. How to present all this information for the benefit of a large public? Finally, an improved awareness happens through the education of various publics as to available alternatives or analyses of the situation at hand. But whoever we may be, how can we imagine education that continues all throughout one's life?

-The challenge

The challenge taken up by the VIRTUALIS project partners during the development of the domain prototypes was to propose an improved awareness of environmental risks for a wide public through the use of Information and Communication Technologies. 1 This work is based on the results of scientific research carried out in different research projects to present environmental risks associated to agricultural activity. It was articulated around four general principles:

The use of ICT capacities for social learning (3D virtual world, web), autonomous use, via CD-ROM and/or website access (with no, or only a minimum of plug-in obligations).

The availability of several alternative pathways for entry into and discovery of the virtual world, following the principle of a 'Progressive Discovery', or Progressive Disclosure of Information.

The opportunity for simultaneous interaction of several users, as 'participants' in the virtual world who are thus -by design or by circumstances -engaged in a real collective learning process together.

Demonstration of the revolutionary possibilities opened up by multimedia digital technologies for the documentation of scientific work.

These four principles work together to emphasize the opportunity presented to the user to access contextualised information. A visitor to the virtual world KerViViANE (see below) has the opportunity to access different types of information in order to gain knowledge regarding agricultural problematics. Scientific as well as non-scientific perspectives are offered, offering different points of view as to the risks of environmental damage, presentation of the uncertainties associated with a lack of knowledge, the choice of alternatives to limit environmental impact, and more generally, the evolution of the rural community.

-The Village of KerViViANE

The user enters a virtual world, a farming district centred on the village KerViViANE, which offers an initiation to the challenges of 'sustainable development' in agriculture. Through visual cues such as buildings, graphs, maps and landscapes (in 2D and 3D, at multiple scales) VIVIANE proposes the progressive discovery of the problems of chemical pollution of water and soil associated with intensive agriculture production. The landscapes and buildings set the scene for presentations of key stakeholders and of "what if scenarios" at the levels of individual and collective action for farmers, for land use policy, for investment in town water supply and water quality assurance.

-Interactions in the virtual world of ViViANE

VIVIANE is highly interactive. The virtual world offers to the user a variety of different types of interaction. There are four core 'functionalities' which engage the user in complementary aspects of environmental learning. These are:

A set of 'Personal Barometers', which establish a Personalised Profile of activities and their associated environmental pressures, for farm production activity, domestic water use, and aspects of food consumption;

A 'Scenario Generator', which permits exploration of a spectrum of options for response, at the scales of farm practice, public policy and infrastructure investment, to the challenges of chemical pollution of drinking water supply; A 'Multi-Actor Game' that introduces the user, or several users simultaneously, to the challenges of choosing between different policy options and justifying the judgements in relation to different stakeholders (challenges of governance and conflict resolution); A variety of 'Virtual Library' components that present comprehensive documentation of the virtual and real worlds. (The VIVIANE creation is based closely on a real-world situation and many features of the virtual world are calibrated with data from scientific sources and real stakeholder interactions).

The goal, in offering these generic functionalities, is to create an ensemble of individual behaviour profiles (water consumption, production of farm products), to treat the stakes associated to collective choice and life in rural communities. There are multiple advantages for the use of Information and Communication Technologies: structured access to information, to models and analyses through user-friendly interfaces, links to scientific and technical information, online educational resources and websites, and making available simulation models and representations in a 3D virtual world.

For each 'target group' of system users, pathways are offered that start from very accessible or 'intuitive' concepts and images, opening out towards are less accessible forms of information, representation and analysis. For example, access to scientific information typically starts with empirical objects and easy-tointerpret maps (etc.), moving towards more complicated analytical models and explanations of the data transformations, and finally towards presentation and discussion of underlying hypotheses, uncertainties, controversies about scientific knowledge. A citizen or local politician can progressively 'discover' the typical profile of a farmer's agricultural production, and learn about the links between crop rotation choices and chemical residues from use of pesticides and fertilisers. Links can be made (for example) between direct experiences of water use, food consumption and agricultural production and the solutions to urban water supply proposed by a water system engineer, such as a treatment plant for purification of local aquifer water, or piping from a more distant source. Consequences for lifestyle and land-use of different agriculture and water supply scenarios can be explored in a multi-stakeholder perspective.

The raising of awareness passes through a discovery of the problematics at hand, the understanding of certain relationships which might cause conflicts, the deepening of knowledge, the representation of evolutions relative to individual behaviours and/or collective choice, and by an ensemble of interactions with other social groups and/or users.

Outline of this Manual

This Manual constitutes a detailed and educational presentation of the ViViANE prototype. Not simply a technical description of the prototype, it also explains the contributions if ViViANE in a learning context, as well education and gaining awareness of environmental risks. First of all, we confront the method that was used for the development and use of this prototype, as well as current principles of Learning Process & Theory (Chapter 2). A detailed representation of the World of ViViANE (Chapter 3) and the Structure of the Virtual World (Chapter 4) is also given, as well as descriptions the different functionalities: the Personal Barometers (Chapter 5), the Scenario Generator (Chapter 6), and Multi-Actor Game Play (Chapter 7), In World Documentation (chapter 8). An analysis is offered in Chapter 9 (« Metacognition »), regarding different 

-The contribution of theories of learning

An awareness of theories of learning helps to understand the process of learning and within the ViViANE learning environment, the theories which have greatest significance are constructivist learning and collaborative learning.

The constructivist learning theory represents one of the more recent attempts at explaining what learning is, although its roots can be found in the much earlier seminal work of Vygotsky and Piaget in the early decades of the 20 th Century. The basic element of the constructivist approach is that learners will construct knowledge and meaning throughout the process of learning and there are usually argued that two basic forms exist, cognitive constructivism and social constructivism. One of the central premises of the constructivist approach is that knowledge only becomes 'usable' knowledge when it has been collected and construed by the learner as a part of a mental model of the relevant learning experiences. The efforts to take account of constructivist learning in the preparation of learning material are therefore directed at providing opportunities for each learner to link new knowledge and experiences to those which are already known to the learner, thus creating usable knowledge. Constructing knowledge in learning, however, is a personal mental activity and the learning outcomes, though not necessarily the processes will be unique to each learner.

Constructivist learning is cognitive in that the knowledge acquisition involves cognitive (or thinking) activities and it is social because a great deal of learning derives from the learner interacting with other people and the knowledge gained is governed by the social context of the learner. Within both forms of constructive learning there are some primary principles which are now widely recognised as being indicative of this approach. For example, it is held that constructivist learning is not passive learning but rather it is interactive with the learning environment, at a cognitive level rather than at a practical or 'hands-on' level, although the latter is not specifically excluded. Further, learning is intimately related with the development of interpersonal communication into intrapersonal comprehension, both of which are heavily dependent on language and the use of language to express thoughts. Another strong influence on constructivist learning is the belief that learning should be contextualised, usually in a real life environment where there will already exist links with the learner's past experience, in a manner that permits new knowledge to be assimilated within a structure provided by existing knowledge.

Constructivist learning is primarily an extension of current understanding and therefore the learning context must be relevant to the user and must permit the user to be able to identify an 'entry point' to the learning environment (see Box 1). In this way, learning has become relevant and meaningful and there is little or no need for repetitive or 'rote' learning.

There have been many attempts to integrate a constructivist approach to learning into the design of learning environments, and most have taken specific account of features such as: the importance of learner interaction and collaboration; providing for learner autonomy in deciding learning pathways; and contextualising and personalising the learning environment. Providing for personal growth (see Box 2) as an outcome of learning has generally been one of the more demanding aspects of the design of constructivist learning experiences and has involved the reexamination of learning goals or intended outcomes to better reflect that learning is more than knowledge transmission, but is knowledge transformation. In this way, learning through dialogue and interaction has become a key target for the integration of constructivist learning into the design of learning material.

Box 1 -Examples in ViViANE of the application of constructivist theory of learning.

The concept of ViViANE is not the production of information but mediation of knowledge through multimedia representations which integrate maps, scenarios, and the issues or concerns associated with governance. This allows users to engage in reflection and discussion in their progressive discovery of knowledge through several alternative pathways.

Box 2 -Examples in ViViANE of providing for personal learning

The learning pathways start from concepts and images which are widely held and progress to information, representations and images which are probably more challenging. Progression towards analytical models leads to the presentation and discussion of the underlying scientific knowledge and hypotheses (such as in the interpretation of the farmer's Graph).

The learning outcomes when using a constructivist approach are generally seen more as the generation of rules, principles and concepts, than of the acquisition of facts. Cognitive processing is expected to function at a high level and monitoring of the progress of learning through self-regulation is expected to take place.

The approach adopted in collaborative learning involves the participation of a group of learners who will work together rather than individually. Different ways of approaching collaborative learning and its use within ICT have also been proposed. For example, the traditional view of educational computing as a means of communication by transmitting knowledge is replaced by a more transformative approach which is of greater benefit both to the learner and to the teacher. When communication functions in a transformative manner, it is two-way, interactive and dynamic, with the emphasis on construction of knowledge rather than on the receipt of information. Exchange of information and knowledge therefore takes place through discussion and through sharing. For active knowledge construction to take place within a group, the meanings and understandings that have to be taken-as-shared are therefore the core of collaborative learning. The interaction between learners will function more successfully if there is also an open and accepted sharing of social standards, cognitive awareness and even of personal interests. This includes the establishment of trust and empathy between those preparing a learning environment (that is, the teacher or the designer of learning material) and the users. In collaborative learning, all partners are expected to demonstrate both accountability and responsibility.

When collaborative learning is designed to be part of a computer-based learning environment, the programme designer does more than simply make the material accessible via a computer. The use of ICT to present curricular information requires that the information provided will be reformulated such that it much better meets the needs of the learner than it might have been in a traditional learning environment. To achieve this, the designer has to understand the learners for whom the material is relevant (referred to as the stakeholders) and the designer has to know how to support them in the building of their own knowledge. This can become a complex task when the learners come from different backgrounds and may have different needs (see Box 3.) This approach has been likened to 'collective' learning. Others have suggested that collaborative learning promotes "knowledge-building communities" where didactic approaches and learner-centred approaches to teaching and learning are replaced with a more dynamic learning environment based on a "community of learners" who work collectively in gaining knowledge.

A key outcome of designing a collaborative learning opportunity is the provision of a learning environment which will support users in becoming informed and self-regulating learners. The context and the learning medium used, such as through the use of ICT, must therefore be carefully designed to make learning possible, supportable and relevant. This provides opportunities for learners to engage meaningfully in a learning event, to be able verify their understanding of new material, and to extend their learning to match their personal needs.

Box 3 -Examples in ViViANE of collaborative learning

The Deliberation Matrix is a learning tool designed to present collectively the opinions and interests of different categories of stakeholders. In the multi-user game, judgements are made and actions are taken on the basis of the different perspectives of each of the players.

-The major focuses of ViViANE prototype evaluation

Evaluation of a learning environment needs to address at least three aspects,

The learning material on which the learning environment is constructed, The learners who will engage or will have engaged with the learning environment, The promotion of learning within the learning environment.

a. Learning material

Where evaluation examines the learning material, some judgements are made about how the content has been structured as a learning environment or set of learning experiences. This would include an examination of the order in which elements of the learning material are presented and the flow and progression which results from this presentation (see Box 4). Clarity of expression will be associated with presentation as will the accuracy and currency of the information presented. Some attention will be given to the relevance and validity of the content taking account of the potential users of the learning material. It is therefore expected that there will be an indication of the context for the presentation of learning environment and that this will be clearly indicated.

Evaluation of the learning material will also comment on the presentation format which permits the users to gain access to all its elements and allows the user to navigate through the material with relative ease. Because of the multimedia nature of much ICT-based material, evaluation will also make some observations on the use of visual and auditory modes of presentation and of the effectiveness of the balance between them.

b. Learners

Evaluation which focuses on the learner will take account of the relevance and appeal to learners, of the learning experiences presented and this will include an awareness of the motivation which is established for the learners to become engaged with the material. An awareness of the learners' needs and how the learners are permitted to or encouraged to make links with previous knowledge and experiences will also be examined.

The extent to which the learning material links with previous knowledge and experiences will be examined as will how these are linked with the personal growth and development of the learners.

Learners will be expected to be allowed to demonstrate a degree of personalisation of their engagement with the learning material and to exercise some autonomy in taking decisions and in making choices (see Box 5). To this end, the learners will be involved in the construction of knowledge, both individually and collaboratively. Such collaboration will be reflected in the opportunities for dialogue and discussion, and the learners will be expected to address learning which encompasses communication skills and as well as knowledge gain.

Box 5 -Examples in ViViANE of the personalisation of the learner's engagement in the learning environment

There is an attempt to articulate the relationship between the perceptions and behaviours of the users and the forms of governance which are used as the basis of studying this concept. The presentation of the different characterisations is based on the knowledge of potential users and how that knowledge can be contextualised in the role of a farmer. Personal lifestyles are given prominence in the completion of a personal barometer, supported by the inclusion of graphical presentation of each user's responses.

Box 4 -Examples in ViViANE of establishing a structure for learning

A description of the structure of the four tools and the four domains in tabular form allows comparison and elaboration of the core outline of the ViRTU@LiS suite. A more specific structure is indicated for the examination of sustainable development by presenting three axes: economic, environmental and social dimensions. The introductory pages present onscreen explanations of all the tools used and all the elements of the programme (players, scenarios, requirements, etc.) Evaluation of the attention to learners will also make some observation on feedback to learners and the opportunities for their self-checking of personal progress. The opportunities for creative, imaginative and unique learning solutions will also be included.

c. Promotion of learning

Evaluation of the promotion of learning will include the identification of a learning product or outcome and the clarity with which this is expressed. Associated with this will be an examination of the transparency of the purpose of the learning outcome, and this might include an indication that learning would normally be expected to include some changes in knowledge, insight and understanding.

The promotion of learning will embrace the presentation within the learning environment of specific approaches and techniques for the facilitation of learning and will be expected to take into account the provision of appropriate help facilities to support a range of specific learning needs of those involved in making use of the learning experiences provided.

An appreciation of different learning needs and different learning styles will be considered and taken into account (see Box 6).

Opportunities for learning off-screen as well as on-screen will be part of the overall learning opportunities and their will be evidence of the provision of links to additional learning material, such as through weblinks or the provision of specific libraries of associated and selected learning material.

The learning opportunities provided will be expected to include the ability for the learner to save, return, and to enter the learning material at different starting points. There will also be occasions where learning can be assessed at both group and individual user levels.

-The role of graphics in multimedia learning

Learning through the presentation of information by the use of words as well as graphics is widely held to be superior to learning by words alone or by pictorial images alone. The nature of graphical images covers the basic formats of; 1. Static (drawings,still photographs,diagrams,graphs,etc.) or moving images (videoclips, animated cartoons, etc.), 2. Two dimensional or three dimensional presentations, 3. Black and white or colour

The basic psychological principles of perception have for long been accepted that moving images attract the viewer's attention much more readily than do static images. Also it is widely held that in most instances, colour presentations will gain and hold an observer's attention for longer than will their monochrome equivalents. There are some exceptions to this latter principle where a more "stunning" effect can sometimes be established using black and white. The use of three dimensional rather than two dimensional is slightly more contentious in that viewing in two dimensions is often seen as substantially different from the inclusion of the third dimension. Not every user would claim that adding the third dimension adds clarity, although often this is partly the fault of the reality and plausibility of the three dimensional image.

The purpose of graphical elements of learning material is intended to be more than decorative, but to serve a purpose of illustration, usually in support of verbal descriptions. A pictorial or graphical summary of

Box 6 -Examples in ViViANE of the promotion of learning

The learning material takes account of nonspecialised learners as well as of expert users. Support for discussion between stakeholders is available and a variety of different users is envisaged. There are links to electronic libraries, simulation models, videos and on-line data bases to extend the learning resources for those with differing learning needs. The guided visit has a motivating and nonthreatening appeal to a wide range of users

Box 7 -Examples in ViViANE of the use of graphic images

Diagrams help to explain the underlying structure of the complete material although the two-dimensional model given may be clearer than the 3 dimensional model. The scenario generator uses colour and moving graphics to present a selected learning context. It also permits the user to have some control over the direction and focus of the image observed. Some complex situations and concepts are clarified by the use of stylised graphical images (such as the farmer's Graph and the deliberation matrix). several lines of explanation serves for many as a more lasting personal representation of the information presented (see Box 7). Many users create their own personal images to explain their experiences of reality and therefore the provision of an image to aid the representation of new and complex learning can be a substantial aid to learning. Some graphics can help to show the relationships between data, information and ideas in a way that is difficult to describe verbally. Such aids are particularly valuable when the verbal explanations are given in a non-native language. In some instances, illustrations can help to make conceptual explanations and phenomena which are largely invisible, apparent to the user.

The use of split screens to convey several elements of information is variously seen as being both helpful and unhelpful. It is helpful in being able to gather in a single presentation the necessary data for a particular stage or element in a learning sequence. The learner is aided by not having to move between screens by means of 'electronic page turning', a task which is much more difficult onscreen than it is with paper-based media. The disadvantage of split screen presentations lies in the amount of information presented at the one time. For some learners this can be impairment to learning, particularly when the context and the material are new and cognitively challenging.

-The tone and style of an electronic learning environment

Learning material which adopts a style presenting a friendly, welcoming and non-threatening image is likely to be used more willingly and to be more successful in promoting effective learning. The language of this approach usually involves the use of the first person ("we", "I", and "our") and the second person ("you" and "your") rather than of the third person. The writing style associated with such an approach will be taken by the user to be more conversational and will be seen as an indication that the learner and the instructor are 'in tune' with each other and not 'distant'. Adopting the conversational tone might be of particular value in learning situations where it is impossible for learners and instructors to meet face-to-face. The psychological advantage of adopting a welcoming tone and style is in making the user feel that learning through a computer is not as depersonalised as is commonly held. Although the use of two way communication in learning (synchronous or asynchronous) is probably the most effective means of establishing rapport with learners, it is not always possible or appropriate. It is under these circumstances that the tone and the style of communication used in the material become particularly important. One additional means of making learning easier in the electronic communication medium is to use a learning agent. This is an onscreen character to help guide the user through the learning processes. The value of such a device is becoming increasingly recognised as helping to improve learning gains. The nature of the agent is also important. It must be visually realistic and plausible and it should have recognisable and valid purpose within the learning environment (see Box 8).

Box 8 -Example in ViViANE of the use of a learning agent

The ViViANE fairy is visually attractive and is proposed as a plausible learning agent for moving through a virtual scenario. The fairy has a clear task and assists the user in guided or free exploration. She also helps in the establishment of the overall learning purpose of the learning material.

CHAPTER 3

The World of ViViANE 

-The intensification of agriculture

The intensification of agriculture in Europe since the 1950's has been accompanied by a significant increase in water use and by increasing problems of surface and ground water pollution.

2 There has been a strong increase of the use of irrigation in northern Europe (more specifically in France, Belgium, the United Kingdom and the Netherlands). Environmental problems connected to the use of water by agriculture concern a relatively large surface of arable land in Europe, quantitative aspects being predominant in the countries of southern Europe, while northern regions are confronted above all with problems of water quality and pollution.

The impact of water polluting elements on the environment depends on their quantity and their physical and chemical characteristics. Concentrated and diffuse sources of pollution should be differentiated. While concentrated pollution is emitted from fixed sources and is usually composed of large quantities of pollutant emissions, diffuse sources are characterized by substance emissions from mobile sources, covering extended areas or a large number of sources with low pollution emissions. Agriculture is mainly a source of diffuse nitrate and pesticide pollution. Concentrated pollution would be connected to the accidental spillage of a barrel of pesticides for example. Pollution by concentrated sources is easier to treat, while pollution from diffuse sources is difficult to quantify, measure and therefore, more difficult to treat.

Nitrates in water are pollutants because they cause eutrophication (the stimulation of the growth of aquatic plant life usually resulting in the depletion of dissolved oxygen), and can affect human health. There are limits for the acceptable concentrations of nitrates in drinkable water. The 98/83/CE directive for drinking water defines a mandatory limited value as 50 mg/litre, which corresponds to the value recommended by the World Health Organisation.

The contamination of water by nitrates is one of the main problems connected to agricultural activities. This can be explained by the fact that nitrates are very soluble and can easily filter through the layers of soil to reach the groundwater. On the other hand, it is difficult to make the connection between nitrate use and water pollution. The diffusion of nitrates also depends on geological, climatic and biological factors. It is more likely occur in areas with aquifers of porous rock and in humid climates. Nitrates can also be de-nitrated by microbes. Despite these phenomena, an excessive application of fertilizers is always accompanied by an increase of nitrates in water.

The use of phytosanitary products can also have negative effects on human health and the environment. As much as the toxic effects of different pesticides on humans are relatively well documented, their negative effects on the environment are often little studied. Pesticide residues (insecticides, herbicides, fungicides, etc…) are often present in water, soil, air and foods. Their propagation in the different parts of the environment depends on the type of product, the way it's applied and its physical and chemical characteristics. The high level of solubility of pesticides favours their transport by water streaming and by drainage water or their infiltration into the aquifer.

An effective method for tracing pesticides would be complicated and expensive. The absence of appropriate analyses means that the presence and quantity of the residues of numerous pesticides which have negative effects on health cannot be measured. A non negligible portion of phytosanitary product residues comes from by the industrial production of phytosanitary products, and the use of pesticides by railroad companies, road maintenance companies, individuals and groups.

A limited number of pesticides are currently under close observation. In numerous member countries, the level of pesticide pollution in subterranean and surface water is often unknown. The 98/83/CE Directive of the 3rd of November, 1998 has fixed the maximum admissible concentrations of each substance as 0,1 µg/L, and the total concentration of all pesticides as 0,5 µg/L. Atrazine has been one of the most widely used herbicides for corn cultivation. Following widely spread contaminations of aquifers and drinking water in certain regions, it is also one of the most closely observed molecules.

In ViViANE, we explore diffuse pollution associated to the use of nitrate fertilizers and phytosanitary products (fungicides, herbicides and insecticides) used in large scale farming. The animal husbandry aspect is briefly touched upon. By treating the degradation of water resources, on quantitative and qualitative levels, we discover the processes and stakes associated with each of these problematics. The development of ViViANE is aligned with themes of the European framework directive on water (2000), which calls upon the member countries to attain an ecologically correct water quality by 2015. In addition to favouring the protection of ecosystems in water management, this directive also introduces the necessity for the participation of all stakeholders involved (individuals, professionals) as well as contact with the general public. It also leaves a large place for economic analysis, notably the evaluation of environmental risks, the choice of investments for reaching certain objectives.

-The methodological framework

The evolution of sustainability policies -in water management as well as other domains -requires a process of arbitration between different interests, conflict management, and if possible, the reconciliation of multiple water usage criteria, territorial and landscape management, the quality of edible produce, ecosystem integrity, the financial viability of agricultural activities, the interests of local associations, regional development, etc… This indicates that we must pay attention to the tensions between the preoccupations of present and future generations, different economic sectors, and human and non-human communities.

Several principles of justification and ethics will be considered, regarding equitability and justice. Where a unique method of principle of resource management does not prevail, a reasonable and robust base for the regulation and use of resources should possess qualities of deliberation and reflection. In order to establish the coexistence of varied interests, the challenge is to work with a permanent "argumentation" between the different contradictory principles of behaviours and positions.

In this conceptual framework, we set this in an institutional and deliberative context, and situate ICT's in the deliberative process. Information about interests and priorities have been built and debated in a "theatre of sustainability". A stakeholder discussion process can be developed that integrates systems science with deliberation in a recursive cycle as follows: STEP 1: Diagnosis of Stakeholder Interests and first specification of the resource management "problems to be solved". STEP 2: Scientific Analysis of the Hydrological System (e.g., Hydro-system modelling, population ecology, etc). STEP 3: Analysis in biophysical terms of the Environmental Functions of the resource (in the broad categories of Source, Sink, Site, Scenery, and Life-Support). STEP 4: Quantification of Socio-economic Significance of Environmental Functions (viz., the services rendered to economic activity and human well-being). STEP 5: Economic analyses (cost and benefit assessments of options, constructed on a platform of Multi-Criteria Appraisal and Scenario Analyses. STEP 6: Communication of Results (resource management options, evaluation results, etc.). STEP 7: Stakeholder appraisal of results, leading to re-specification of problems and options.

In the 'Theatre of Sustainability' proposed by ViViANE, our emphasis is on the real-time process of "putting onto the scene" interests, knowledge, disagreements and possible solutions. The first step in the cycle privileges the "Social Co-ordination and Significance" axis of the Tetrahedral Framework; the next four steps privilege the "Systems Science" axis, and the last two steps again privilege the "Social Co-ordination and Significance" axis.

By starting with the social significance axis of learning (Step 1), it is emphasised that the information and appraisal requirements for water resource/environmental governance are grounded in specific contexts of learning and action. These will include both formalised and "informal" knowledge, the latter being typically held by members of local networks and communities (including retailers, financial and agro-business services, etc.) without necessarily being abstracted or theorised into systematic models. Interactive stakeholder-linked approaches imply the need to present and discuss scientific and socioeconomic findings to interest groups with a range of different interests, on a permanent (i.e. recursive) basis. This type of use of ICT's is innovative not only because it serves as a support for discussion as well as creating a structure for information, but also because of the manner in which the information is presented and discovered. ICT's offer a contextualization of information, as well as a wide ranging access to information in addition to that specifically present in the prototype.

-Structure of the world of ViViANE

ViViANE (Virtual Visit to our Environment) is a computer-based learning tool using state-of-the-art ICT (information and communication technologies), for improving citizens' awareness of environmental management and risks. Four functionalities have been developed to represent the question of the degradation of environment quality by agricultural activities. Using emerging ICT possibilities, user-friendly interfaces and virtual worlds will allow structured learning about personal and aggregate societal impacts on environmental resources.

Within the interactive virtual reality, the user (or a group of users) can gauge how their personal lifestyle impacts environmental features or resources in question (Personal Barometer). Also they can explore alternative possibilities for social and economic change towards sustainability (Scenario Generator). They can experience the dilemmas of stakeholder negotiations and of commercial and public policy choices (Multi-Agent Game), as well as to discover opportunities for personal learning through progressive disclosure of links to electronic libraries, simulation models, videos, on-line data bases (Virtual Visit).

VIVIANE supports simultaneous interaction with several users who, as participants in the virtual world, are engaged in a real collective learning process together. Optimised learning pathways permit the 'Progressive Discovery' of the features and problems of the world.

Discover the typical profile of a farmer's agricultural production, and learn about the links between crop rotation choices and chemical residues from use of pesticides and fertilisers.

Take the links between home water use, food consumption and agricultural production, and the solutions to urban water supply capacity proposed by a water system engineer.

Explore the consequences for lifestyle and land-use of different agriculture and water supply scenarios.

CHAPTER 4

Navigating in the

Virtual World 

-The Participative Visit

The VIVIANE prototype offers several different modes of navigation for varied types of discovery of information concerning the problematic at hand, as well as various contextual technical help allowing ease of use and navigation within the virtual world. There are several ways of "getting around" in the VIVIANE virtual world. These include: (1)

A "Wheel Chair Initiation" with a video on automatic pilot; (2)

A "Guided Visit" with a pre-determined itinerary activated step-by-step by the visitor; (3)

A "Free Visit" allowing exploration at will, without, however, modifying the world; (4)

A "Participating Visit" during which contributions can be made to information sets and to dialogues with others.

-A "Wheel Chair" Initiation

On accessing the address http://viviane.c3ed.uvsq.fr, you will first see a page with a Wheel Chair Initiation to ViViANE (in Flash format), structured with a menu of main categories on the left and short presentations on the right. This presentation explains the main features of the prototype ViViANE: its purpose, the tools used in it, the virtual community, the different players, and briefly explains the web interface as well as the hardware requirements in order to be able to run the programme.

In the flash introduction, above, clicking on elements of the left-hand menu allows you to explore the general concepts of the program.

The four tools used in ViViANE: a presentation of the four main functionalities of ViViANE, the Personal Barometer, the Scenario Generator, The Virtual Library, and the Deliberation One of the tools, the Personal Barometer.

Matrix.

The objects in the virtual world…

There are six categories of stakeholders in ViViANE. Click on any of the six icons for a brief presentation of each category, and how they fit into the game.

A presentation of the player category "Farmers", their background, and role in ViViANE.

An explanation of how to use the interface…

The technical requirements…

Finally, to open the ViViANE interface, click on "LAUNCH 3D WORLD," the last item in the menu. This will launch the ViViANE interface in a new window

-The guided visit

To go on a guided visit of ViViANE, click on the "let yourself be guided by the ViViANE fairy" link on the front page. You will then follow the ViViANE fairy character who will take you around to meet the different inhabitants of the KerViViANE community. You can thus discover the preoccupations that exist within the community.

The Newspaper Stand

Going through the countryside to the town of ViViANE:

The Next the guided itinerary takes you to meet the residents of the community. The inhabitants talk about the stakes of governance (taxes, interests, concerns, perspectives about the future of the community, the region, the agricultural sector and the quality of the environment…). Even when you are not in the guided itinerary, you can click on the inhabitants to get more information from them about the current scenario you may be in.

A housewife

Click on her to open a slide out window with more information about her, and her opinions about the community and the current scenario.

More text about each step of the guided visit will be displayed on the 2D window.

The Mayor of the Town of ViViANE and the Local Counsellor.

Click on the mayor and the local councillor to open the slide-out window corresponding to each one, talking about their perspectives.

At each step of the guided visit, more information will be displayed simultaneously in the 2D window.

A group of children

Click on one of the kids to open a slide-out window

The children talk about the life of their community; they pay attention with a different perspective to the evolution of the natural world, the kinds of plants they see, the machines used by farmers; but they also pay attention to the degradation of the environment, for example the pollution of the water and the changes this leads to.

The Town Hall

Water quality results posted at the town hall.

Click on the panel on the front façade of the Town Hall.

The Town Hall posts the results of sanitary analyses on water quality as well as the laws that must be respected (1992 French laws on Water and 2000 European laws).

The research centre

Scientific research centre. Click on the scientist.

The scientist evaluates the quality of the water and analyses the way the ecosystem works (surface water and aquifer). Also he assesses the impact on the environment of behaviour changes by farmers and consumers.

Click on the graphic in the slide out window to enter the research centre, where the results and data are stored.

The Consumer's House

Consumer's house. Next in the Guided Itinerary, you arrive at a consumer's house.

Click on the person in front of the house to open the slide out window that explains the different aspects of the consumer's personal barometer.

The ViViANE game allows us to visualise the impact on the environment of the consumers' consumption of vegetables and farm products.

The Farm

You are next taken to a farm. At the farm, you can visualize the crops grown, the soil quality of the farm's different fields, and high and low intensity farming.

In the game, you are invited to configure the farm's variables and take on the role of the farmer. First choose a farmer in the 2D menu and answer the corresponding questionnaires, then validate to see the results change the 3D world.

The Cairn

Finally we arrive at the Deliberation Matrix, whose functions are also briefly explained in the popup window that appears.

-The Free Visit

The free visit allows the user to discover the ViViANE world at their own pace, according to their own interests. It is possible to interact directly with the prototype, to move around in the 3D landscape using the arrow keys.

Clicking on the "LAUNCH 3D WORLD" in the Flash introduction will open the ViViANE interface window:

The interface of the ViViANE prototype (above) is composed of three main areas. The 3D world window on the top left contains a virtual representation of the town of KerViViANE, the 2D world on the top right contains questionnaires and explicatory texts, and the bottom frame is comprised of three tabs, "Plan," "Library," and "Help."

The Plan tab: The navigation menu (green and grey tabs at the bottom of the screen) assists in selecting stakeholders and using the different functionalities. (Click on the "Plan" tab to show it).

The "Library" tab connects you to the Virtual Library.

The "Help" tab connects you to a contextual Help section.

In order to freely explore the landscape from the perspective of an inhabitant, click anywhere in the 3D window and navigate using the arrow keys and the Page-up, Page-down keys. When you start ViViANE, you will be at the position for free exploration, but also anytime during game-play, you can return here by pressing 0 on the numeric keypad.

ViViANE Fairy The city of ViViANE

The ViViANE fairy is the only fairy left in ViViANE and is not doing well; the water resources of the community are being polluted by agricultural activity. Help her to bring back the other fairies and to find a solution for the community.

Navigation Menu:

At the bottom of the 3d world window is a menu that lets you visit the principal locations of the ViViANE community. Passing the mouse cursor over the menu icons will indicate the name of the corresponding location alongside, and clicking the icon will take you there. To show/hide this menu, press M on the numeric keypad.

Navigation menu icons:

Guided Visit Free exploration of the environment

Deliberation Matrix Virtual Library

Consumer's House Farm Town Hall Research Centre

Water Purification Plant Association

The map below shows the different elements of the KerViViANE community, a virtual rural community in which the user can discover five farms, a research centre, a town hall, a library, an associations building. Discussions and debates take place at the Cairn, a representation of an agora, a highly symbolic place where collective choices are discussed and decisions made.

-The Participative Visit

The interactions in the world of ViViANE occur mainly through the generic functionalities of the prototype, that is, the virtual library, the scenario generator and multi-actor game play. There are different types of interactions for each of the functionalities, the main idea being that any change in individual behaviours, or connected to collective decision making (see the Cairn and the Deliberation Matrix) should be represented in the virtual world. These changes can be represented in the form of landscape modification, changes in the water level of the water tower (connected to the consumption profile of the "Consumer" category), variation in the use of arable land (change in crop rotation), changes in the water and soil quality, construction of buildings and infrastructures… For the Virtual Library, the interaction takes the form of access to an environmental knowledge mediation portal (the "Babel Gardens" portal, or KerBabel TM ). Below is a presentation of the access points to the main functionalities: the virtual library, the cairn, the consumer's house, the water tower, the farm, the Town Hall and the Research Centre.

The Library

Click on the Library icon in the bottom navigation menu to go to the ViViANE Town Library. Once you've selected a slice, click on any cube in the slice, which will open a questionnaire on the 2D side of the screen.

Click on the book in front of the building to connect to the KerBabel virtual Library (which will open in another browser window…).

The Cairn The Cairn and the Deliberation Matrix

After completing and validating the questionnaire, the information is sent to the 3D world, colouring the cube one of 4 colours: RED = disagree, GREEN = agree, YELLOW = indifferent, WHITE = don't know.

To reinitialise the Matrix and show all the slices again, click on the small blue sphere at the intersection of the 3 axes:

The water level in the water tower can be one of three possibilities: High, Medium and Low.

Water Tower

Click on the "pollution" button in the top menu to see the impact that consumer activity has on the pollution of the ground and aquifer (by the pesticides and fertilizer used by agriculture). A "slice" of the aquifer will rise up, to visualise the underground situation.

The pollution level can be one of three possibilities:

Low, Medium High:

In the 2D side of the window, fill in the questionnaire regarding consumption of farm products (personal barometer of the consumer). Clicking on "Validate" will show the corresponding pollution level of the aquifer in the 3d world.

Click on the "terrain" button in the top menu to see the impact consumer activity has on the amount of land that has to be cultivated in order to meet the consumers' demand. The camera will automatically move up to an overhead perspective.

Farms

There are 5 farms in the community of ViViANE, each with slightly different situations in terms of quantity of land belonging to them, and the percentage of rich, regular of poor land quality. To see the situation of each farm, either select it in the 2D window (under the menu for farmer -personal barometer) or by clicking on any of the 5 farm buildings.

After filling in the questionnaire on the 2D side of the programme window, clicking "Validate" will send the appropriate information to the 3D world, to change its appearance to reflect the level of consumption… The land use level can be one of three possibilities: Fields Button: -displays the cultivations of that farm, i.e. the crops grown.

Soil-Quality Button: displays the soil quality of that farm's terrains.

The farmland in ViViANE

It varies from poor to rich quality soils. Poor soil quality means that there are fewer nutrients in it, and therefore to grow crops, more fertilizer is needed than on regular or rich land. Different colours represent the three qualities of soil:

Poor, Regular and Rich.

Fields and Soil Quality

Intensive farming button -shows the maximum level of land use possible by the farm Zoom -clicking this button will zoom down near the fields to see more closely the effects of farming on the soil. You can click on certain fields to make them rise up out of the ground, to see the different strata, and any pollution… For each farm, you can see the underground situation for each of the three categories of soil (poor, regular and rich).

The Town Hall posts the results of sanitary analyses on water quality as well as the laws that must be respected (1992 French laws on Water and 2000 European laws).

The Town Hall

Click on the "Town Hall" icon in the bottom menu to go to the Town Hall.

Click on the sign next to the front door to read water quality test results posted here.

In the slide-out window, you can read more about the water quality results in the community.

City building

In the City building, there are citizens' organisations dedicated to defending consumers' interests and to preserving the quality of the environment.

Institutions

The Institutions building represents the various forms of institutions (sectoral, political…).

The results of the interactions can lead to changes in the landscape (quality of surface and subterranean water) as well as the introduction of new elements into the landscape (adduction network, water treatment plant, etc…).

Lake

The colour of the lake changes depending on the water quality. Blue represent a good water quality, red a bad one.

River

The colour of the river changes depending on the water quality. Blue represent a good water quality, red a bad one.

Adduction Pipeline

The Adduction Pipeline permits to share water from community to community. Water of bad quality can be mixed with a better quality water so as to create drinkable water.

Water Purification Plant

The Water Purification Plant aims to treat nitrate and pesticides in water in order to have good water quality. Questionnaire: this is a collection of questions related to the behaviour of the farmer. The themes touched upon are relative to: "Type of agriculture," "Choice," "Agronomic practices," "Materials," "Sensitivity to risks," and "Perspectives."

The Graph: is a multi-criteria representation of the results in function of six axes representing the six series of questions in the questionnaire.

During the selection of a farmer (from the 5 that are proposed), an animation plays in the 3d side of the screen to present the exploitation and the fields that belong to the farmer selected (see Chapter 5).

-The Personal Barometer of the farmer

Agricultural practices are among the possible causes of pressure on the environment (degradation of water quality and soil quality…). The objective of the Personal Barometer allows the user, as a farmer, to participate in the selection of agricultural practices associated with the use of pesticides, fertilizers, and water for irrigation, to show and justify the implications on economic, environmental and social levels, as well as on research regarding production and/or value that is added at the level of agricultural production. The objective is to offer the possibility to give full precise expression of current agricultural practices as well as to foresee the perspectives of evolution of agriculture in the town of KerViViANE.

Responses to this questionnaire are offered either as multiple-choice buttons, or as scroll-down menus. The responses gathered are saved in a database and represented as a graphical form on several axes. A correspondence table of responses vs. importance was made in order to furnish a different weight for each response given (see the tables associated to each series of questions). A classification will be done in order to situate the results of the Graph in relation to the typology of different farmers (as developed by IDEA, RENNES, 1999).

-The « Agricultural Practices » questionnaire

This questionnaire relates to the characterization of agricultural practices of the farmer. Two themes are more particularly approached: Which type of agriculture do you feel closest to? (Choose one): This question brings the user to position him/herself in terms of agricultural practices: Is the chosen practice of agriculture integrated, intensive, or organic…? Only one choice is possible. The characteristics and descriptions of these forms of agriculture are available in the Gardens of VIVIANE (the virtual library); What are your objectives in terms of your farm? (choose several): This question brings the user to orient his/her agricultural exploitation: is there a reasonable/integrated use of pesticides and fertilizer, the creation of added value, the respect for natural ecosystems, respect for human and animal health, increased competitiveness, promotion of autonomous and economically viable systems of production, rural development, or support in an exchange between producer and consumer? ; The weightings retained for each of the responses are presented in the following table. These weightings are used for the construction of the Graph (see Section 6.4). 

-The « Choice » questionnaire

This questionnaire relates to the criteria that influence the choice of farmers concerning the purchase of pesticide products. The weightings retained for each of the responses are presented in the following table. These weightings serve to construct the Graph (see section 6.4). 

-The questionnaire « Agronomic Practices »

This questionnaire aims to evaluate the type of treatment effectuated as well as the material at hand. The questions are formed as follows:

The pesticide treatment that you apply is a treatment that is (choose one): 100% systematic (starting from a pre-established calendar), 2/3 systematic & 1/3 at need, ½ systematic & ½ at need, 1/3 systematic and 2/3 at need, 100% at need. During pesticide treatment, you apply (choose one): the recommended dose, more than the recommended dose, 10% less than the recommended dose, less than 90% of the recommended dose.

In relation to the agronomic data which you have access to, the contribution in fertilizer that you effectuate corresponds to (choose one): the recommended dose, more than the recommended dose, 10% of the recommended dose, less than 90% of the recommended dose.

In relation to the agronomic data which you have access to, do you water (choose one): the recommended amount, 10% less than the recommended amount, less than 90% of the recommended amount. What are the conditions in which you spray pesticides? (choose several) : Low or elevated temperature, dew, rain, end of the day, clear weather, wind, humidity, none.

The weightings retained for each of the responses are presented in the following table. These weightings are used for the construction of the Graph (see Section 6.4).

-The Equipment (Materials) questionnaire

This questionnaire consists of an ensemble of questions relative to the characteristics of the equipment use to spray pesticide products: What do you do with the leavings of pesticide products at the end of spraying? (Choose several).Storage, spread on the field at high speed, Dilution, Emptying on the return path, Other.

The weightings retained for each of the responses are presented in the following table. These weightings are used for the construction of the Graph (see Section 6.4). 

-The Risks Sensitivity questionnaire

-The « Perspectives » Questionnaire

The « Perspectives » questionnaire brings the farmer to position him/herself as to solutions that can be envisaged to improve agricultural habits and behaviours. These questions are posed at different levels -at the field level, at the farm level and at the national level, in terms of education and prevention. By this procedure, the user projects him/herself into the future by imagining the elements which could be decisive or important to reduce the pressure exerted on the environment by pesticides. This questionnaire also functions as a connection to the Scenario Generator.

What are the possible ways to evolve on the field level? ( 

-Visualization of the Personal Barometer in the 3D world

(See Chapter 4)

-The Farmer's 'Amoeba' Graph

Once all the questions have been answered, the results are combined with the help of a graphical representation, in the form of a Graph. The Graph created at the level of a farm, presents the results obtained by the user in each of six questionnaires: Type of Agriculture", "Choice," "Agronomic practices," "Materials," "Sensitivity to risks," "Perspectives." The farmer can visualize his/her behaviour, symbolized by a blue-coloured curve. Detailed results are available at the bottom right side of the screen. The green area corresponds to a favourable zone, the orange area to a medium zone, and the red area to an unfavourable zone.

Overall, the Personal Barometer allows the user to go through a progressive discovery of the options and of their weighting. The maximal sum for each indicator -based on a questionnaire -is equal to 10 points. The minimal sum for each indicator is equal to 0. The representation of the farmer's symbolized results is a blue polygon that connects the points accumulated for each indicator.

-The Typology of farmers

The category « Farmers » groups together all of the farmers of the community. As the principal economic activity of the community is agriculture, the importance of this profession is non negligible.

The role of the farmer is at the heart of debates regarding the evolution of their role within the community (the multi-functionality of agriculture…) and the set of problems surrounding environmental degradation (degradation of water quality, changes in the landscape…). Different forms of evolution of production systems are foreseen (see the section on different forms of agriculture).

If different types of production systems are foreseen, notably in the Scenario Generator, studies of the behaviour of each farmer are also foreseen in the Personal Barometer (see the following table ).

Types of farmers Vision of the future:

Technician Farmers :

They seek above all to reduce their spending by diminishing chemical inputs, through a negotiation process with their merchants and commercial technicians. Focused on their farms, they wish to avoid conflicts with the other occupants of the territory, mainly by putting emphasis on the control of their own inputs.

Their polarization on the technico -economic dimension brings them to see the future principally with this entry. That which results is a vision of a future type of agriculture that has significantly reduced its production costs, thrifty in inputs while maintaining an elevated level of production. According to them, it is a strong technico-economicalenvironmental competency alone that will guarantee the sustainability of a conventional agricultural model, as much on the economic level (viability of exploitations) as on the socio-economic level (unspoken contract with the local and global society to "produce cleanly"). That which they apprehend the most is an increased strictness of environmental norms, which could bring about the disappearance of agriculture, if our aim is to reach "zero pollution," (a self-destructive objective according to them since all types of production generate a residual pollution). In a more general manner, they consider themselves nonetheless protected; estimating that the remainder of farmers should continue to progress, as according to them, the average technical level of the profession is particularly weak, notably on the agronomic level.

Researcher farmers :

Going far beyond the regulations, they continue to make their system evolve by looking for a pollution level that is the closest possible to zero. With increasing experimentations, they possess a territory that is structured as a network, as they often feel isolated in their region, and misunderstood by conventional farmers.

Possessing a global vision of agriculture, their territory and the environment, it is at this triple level that they place their stakes. They are often disappointed by the lack of firmness and political and professional resolve when faced with environmental problems. They believe that solutions will not be found unless there is collaboration between all farmers, and they preach the establishment of experiments and training that would associate all types of farmers. Their professional identity is very much connected to their ability to convince other farmers of the interest of their innovations.

"Lawful" farmers:

Preoccupied either by the pursuit of their own development, and by the survival of their own exploitation, they perceive the environment as a sum of constraints. They have to face burdens to which it is necessary to adapt themselves, or to suffer the drawback of witnessing their own exploitation lose value or even to disappear. They think that there is a conspiracy against agriculture, orchestrated by ecologists with the complicity of politicians. The territory is simply a place for production, with regulatory and social constraints.

Converted farmers:

They have converted to sustainable development either recently or for a long time already, and preach alliance with consumers and environmentalists, by opposing themselves to a productivist agriculture which they judge polluting and unfriendly to small-scale exploitations. They are implicated as much on the local level as on the global level, the stakes being the same according to them.

According to them, the future is played out on the triple levels of regulations, the subsidy system and the attitude of citizen-consumers.

They are militant for a strict application of environmental regulations, with significant sanctions for violators. They also defend a modification in the agricultural subsidy system, which they estimate can be translated as "rewards for polluters."

"Marketer" farmers :

For them, the environment is an added value for modern agriculture; therefore investments should be made in the environment, to communicate about the environmental quality of products, because such are the trends for consumption today and in the years to come. The local territory is eventually a support for communication and it is with this title that it is part of the movement towards the global quality of the exploitation. They are part of the organic agriculture movement.

According to them, investments connected to the environment, as well as a high technical level in the integrated organic movement and in agronomy constitute the obligatory steps for the survival of agriculture. These farmers believe it in the measure to set a challenge for them, if it is engaged in a movement for quality on the large scale.

Their vision of the future is more global than territorial, the limits, according to them, being above all the level of distribution and the consumer. It is therefore the level of "technico-environmental" requirements and competences of the different groups of producers and cooperatives which will eventually produce distinctions and selection between farmers, in a world of free competition which they foresee as more and more difficult for the farmers who have not felt "the wind changing."

Source: IDEA, Rennes, 1999.

On the level of the Personal Barometer, the connections between the user's results of the Personal Barometer on the agricultural practices of the farmer and the classification of the farmer's behaviour (see the table above regarding the typology of the farmers) are regrouped in the table below: According to the results given in the Personal Barometer to different series of questions (Axis 1 to Axis 6), an orientation towards the classification of the behaviours of farmers is made.

Results

-The Consumer's Questionnaire

The consumer's Personal Barometer is based on the notion of the "Ecological Footprint." William Rees, cocreator of this concept, defines it as "The corresponding area of productive land and aquatic ecosystems required to produce the resources used, and to assimilate the wastes produced, by a defined population at a specified material standard of living, wherever on Earth that land may be located. "

3 Within the framework of this prototype, we have retained four forms of ecological footprints associated with the consumption of agricultural products, and water consumption induced by the consumption of agricultural products (irrigation). Consequently, we base our results on indicators in terms of the use of pesticides products (pesticides), fertilizer, water and arable land surface. We use two forms of representation of ecological footprints (see section 5.7).

To do this, six questions are posed to the consumer: Once the responses are entered for each of the questions, a translation table allows us to evaluate the consumption mode of the consumer in terms of the pressure exerted on the environment in pesticides, fertilizer, water and arable land use. These impacts will be differentiated according to the type of agriculture that is being practised.

For intensive agriculture:

The number given in response to each question must be multiplied by the number corresponding to each line. This signifies that we can give default values that correspond to the situation in France (45% intensive agriculture, 45% integrated agriculture, 5% sustainable agriculture, and 5% organic agriculture), or that we can give the opportunity to each user to configure the systems of production to their preferences (choosing one or another system of production, or a combination of several). This choice can be made based on the questionnaire, or based on the Scenario Generator where the user is asked which form should the systems of agricultural production take.

The presentation of the results can be made in the form of a histogram for each of the indicators. 

CHAPTER 6

The Scenario Generator The homepage presents the objectives of the "Scenario Generator" functionality. Three functions are proposed:

The scenario generator (also called « the Reflection grid »): allows the user, starting from a questionnaire, to discover predefined scenarios. Actions: brings the user playing the role of the farmer, to present his/her current agricultural practices (in terms of quantity of fertilizer, pesticides, water, objectives of yield…) but also to identify which would be the changes needed to be made to improve (or not) the situation. Graphical results: present the results of the simulation. By answering the « Actions » questions, the user configures agricultural practices. With the help of the model VIRTUALIS Exploitation (see Section 7.4), different simulations are made.

-

The Scenario Generator or "The Reflection Grid"

-« The Reflection Grid »

The questionnaire, also called "The Reflection Grid," is composed of an ensemble of questions that allow an orientation towards one of five scenarios. These questions are relative to:

The abandonment of agriculture in the community (scenario 1);

The abandonment of the aquifer (scenario 2); Use of water purification (scenario 3); Using technical solutions to limit the impact of agriculture on the environment, such as integrated agriculture (scenario 4);

Using structural solutions to help the evolution of agriculture and for management of the aquifer (scenario 5). According to the responses given to this questionnaire, all alternatives are possible. It reposes on a binary logic, as presented in the table to the right. For the first question, if, for example, the user answers "Yes," a second question appears in the reflection grid, question n°2. If the response is negative, there is a presen tation of Scenario 1 in the 3D world, as well as a narrative presentation of it in the 2D window. And so on… It is possible at any moment during the use the programme to come back to this questionnaire and to modify the choice of scenario.

-The Scenarios

Several alternatives can be foreseen to offer elements of response to the degradation of water quality in KerViViANE. The scenarios present in a systematic yet simple manner the reasoning associated to different political choices. In this context five scenarios have been elaborated to reflect the reality of current debates, practical changes and the willingness to act. Abandonment of agriculture. This drastic solution reflects the critical situation of intensive agriculture in Europe, but also the urbanisation movement of rural areas. In this situation, water quality would experience less environmental pressure from pesticides.

Abandonment of the aquifer. The groundwater resources are definitely abandoned for the production of drinkable water. Investments are made to diversify the supply of water with the construction of an adduction network to bring water from elsewhere.

Water treatment. This curative solution signifies that water would be treated to make it drinkable. This operation, which implies an economic cost, would allow agriculture to continue, and to diminish certain environmental pressures all the while preparing the community for the arrival of new urbanity.

Integrated agriculture. This scenario approaches the relation of stakeholders to the aquifer by foreseeing an improvement in agricultural practices. The measures foreseen are situated at the level of agricultural exploitations and aim to diminish and improve the use of additives. This type of agriculture, otherwise known as "integrated," allows taking into account new social expectations (in terms of the quality of agricultural products as well as water).

Towards a new institutional coherence. Agricultural practices evolve radically to respond to the new expectations of society in order to reconcile the values of the preservation of agriculture, and of water as an element of the cultural and natural heritage of the environment.

-The « Actions » Questionnaire

-The « Fields » and « Actions » questionnaires

For each of the soil qualities (good, regular, poor), the user should respond to two questionnaires. The "Fields" questionnaire allows the user to supply information regarding current agricultural practices. The "Actions" questionnaire carries over to the changes in agricultural practice that we would be ready to do. The two questionnaires are made up in the same manner and concern the three crops in rotation per type of field:

The surface of the selected soil quality within the agricultural exploitation; Previous and current types of rotation (3 crops); Yield foreseen for the two crops of the current rotation; Number of fertilizations and quantity applied; Types, quantities et number of applications for fungicides, herbicides and insecticides for the two crops of the current rotation; Quantity of water used for irrigation; Cost of the applications of fertilizer, water and pesticides products (insecticides, herbicides and fungicides, per product and per acre). The information collected by the "Fields" and "Actions" questionnaires are destined to be introduced into the "VIRTUALIS-Exploitation" simulation model via the database. The results of the simulations are presented in "Prospective Actions", "Prospective Scenarios" and "Prospective Costs" (see point 6.5, below).

-Configuring the scenarios

If the initial situation is defined in relation to the configuration of the agricultural exploitations (predetermined or chosen by the users), the choice of one of the scenarios ("Integrated Agriculture," "Sustainable Agriculture," and "Organic Agriculture") implies a change in the environment on the community level, and a configuration of the agricultural exploitations during the 20 years of the simulation. The following table presents the modifications in the virtual world and on the level of the community. Whether the user is a farmer or a person interested in the future of the community, the opportunity is offered to specify the percentage of forms of alternative agriculture for the scenarios 3 ("Construction of a water treatment plant") and 5 ("Towards a new institutional coherence"). For the other scenarios, the percentages are predefined (see table above).

INDICATOR

Scenario 1 -Abandonment of agriculture

The development of urbanization has penetrated into this community. Agriculture loses little by little its role as the principal economic activity. The preservation of the aquifer is one of the central preoccupations, in order to provide clean drinking water for the inhabitants. The associated impacts of agriculture on the quantity and the quality of water decrease correspondingly with the decrease in agricultural activity. Nevertheless, the intensification of urbanization creates an increasing demand of good quality water for human consumption. The exploitation of only one aquifer isn't sufficient as the only water-source. An adduction network has been constructed to anticipate this increasing demand and to respond to the current demands for good quality water for human consumption. The social climate is tense, because of the recent abandon of agriculture, and the arrival of new inhabitants. Two value systems confront each other.

The following table presents the % of each type of agriculture, and the elements that are represented to visualize the scenario. 

NAME

Scenario 2 -Abandonment of the aquifer

The maintenance of agricultural activity is considered as fundamental for the survival of the community. No evolution is foreseen in agricultural practices to limit the impact of agriculture on the environment: the quality of the soil and water are poor and the environment is shaped to facilitate intensive agriculture.

The poor quality of the water threatens human health and causes social conflicts in relation to how water resources are distributed. Insufficient good quality water supply leads to the construction of an adduction network, which allows the importing of larger quantities of good quality water from other communities. The costs of the degradation of the water quality are supported by water consumers, who see an increase in the price of water.

The following table presents the % of each type of agriculture, and the elements that are represented to visualize the scenario.

NAME START LEVEL END LEVEL

% intensive agriculture 

Scenario 3 -Construction of a water treatment plant

Agriculture is the principal source of revenue and employment in the community. The community does not want to lose its independence for water provisioning. There is a need for measures to ensure long-term access to water. Farmers have appreciably diminished their consumption of pesticides during the last several years.

The quality of water continues to worsen, and the decision has been made to construct a water treatment plant to restore the confidence of consumers in the water and to respond to the demands of norms for quality drinking water.

The water processed to be drinkable can be consumed by the consumers who will bear the cost of the construction of the treatment plant. The price of water increases significantly.

The state will be solicited to fund not only the construction of the water treatment plant, but also to incite farmers to modernize their agricultural practices. 

Scenario 4 -Integrated agriculture

The local population asserts itself and does not accept either the degradation of the quality of water in the aquifer, or the non-perennial development of agriculture. The objective is to return to an independence of water supply while protecting the aquifer as a natural heritage. The idea is to eventually return to having good quality water, even if for the moment a temporary solution is necessary.

The population of the community wants advancement in agriculture, which, according to them, is the main source of the degradation of water quality. The farmers are favourable to the development of strategies to limit overrun in pesticides.

The limiting of pesticide overrun essentially passes through technological solutions, not by putting the production system in question. These changes are: the substitution of active materials, the improvement of materials, and the construction of a zone where pesticides can be safely manipulated and sprayers can be emptied…

The following table presents the % of each type of agriculture, and the elements that are represented to visualize the scenario.

NAME START LEVEL END LEVEL

% intensive agriculture 

Scenario 5 -Towards a new institutional coherence

When faced with new challenges of agriculture and water management, steps to explain all the stakes and perspectives in regards to agriculture and water are proposed by the municipality to avoid conflicts.

By underlining the multi-functionality of agriculture, the farmers underscore the need to make agricultural activity sustainable through a system of adequate financing.

The will to maintain independence in water supply and the heritage that the aquifer represents brings the community to foresee different perspectives in terms of water management. The first solution foreseen is that of a structural evolution of agriculture, which via a reduction in size of exploitations, a greater valorisation of farm products could inject new life into the rural community.

Adopting this strategy would bring us to consider the distribution of risks and economic costs associated with innovations intended to sustain agriculture and to maintain water of good quality.

The following table presents the % of each type of agriculture, and the elements that are represented to visualize the scenario.

NAME START LEVEL END LEVEL

% intensive agriculture 

-The simulation model (VIRTUALIS_Exploitation)

The VIRTUALIS_Exploitation simulation model proposes a representation of cultural practices and their eventual influence on the natural environment. In the model, different scales of representation are considered.

Each field is characterized by a certain soil quality, which orients the selection of the farmer for one rotation or another for different crops. We consider that it is the rotation of crops which conditions the yield per acre.

The farmer specifies the geological quality of the field. He or she informs us, afterwards, of the choice he/she makes in relation to crop rotation, and of the yield per acre obtained on average on the field. Ultimately, it is in terms of agricultural practices described earlier that the farmer determines the use of pesticides and other pesticides products. For each type of pesticides product, the farmer specifies the number of doses, as well as the number of applications.

The farm is composed of three different types of fields. On each of these fields, the farmer has the choice between 2 possible crop rotations. As a result, during each agricultural cycle, the farmer's profit is a result of exploitations of different crops whose yield per acre is directly related to the choices made in relation to kinds of crop rotation. In obtaining the cost in inputs per acre, we simultaneously diminish the economic weight associated to the use of pesticides products. The modelling that is adopted proposes as an outcome, a figure something like a "net profit."

On the level of the community, we can count the different exploitations and measure, according to their use of pesticides products, the ecological pressure exerted on the groundwater. This pressure takes into account the toxicity of the products used. It is the expression of a stock of pollution accumulated in the groundwater in function of agricultural practices and physical characteristics of the terrain, such as the depth at which the groundwater is found, and the declivity of the ground.

The figure below sums up the various dimensions that are at play when we describe the functioning of an agricultural exploitation and its effects on the natural environment. The domain of choice is up to the farmer, who must take into account the geophysical contingencies specific to his/her exploitation, as well as to the stakes of governance on the community level, which carry on over to the management of the ground water and aquifer.
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Use of Water pesticides _ quality Our KerViViANE situation (which is closely based on a real site), highlights the economic dilemmas that would be associated with abandonment of the management of ground water quality. Moreover, we know that some sections of the community want to preserve its independence for the water supply, and wish therefore to preserve the quality of this groundwater. What are then the methods of restoration or maintenance of this quality? Two dominant ones can be proposed:

A downstream action via the water treatment method; An upstream action via changes in agricultural practices. In this case, two methods of action are possible: one that privileges a quality effect would consist in acting on the toxicity of pesticides products; the other would privilege a volume effect by aiming to reduce the use of pesticides products.

With reference to these two dominant methods, the stakes of governance should include the time necessary for the natural re-establishment of the water quality (geophysical dimension), as well as the temporal dissociation between the cost and the profit of this re-establishment (economic dimension). Taking into account these dimensions, it becomes necessary to elaborate a set of criteria for classification of the different scenarios proposed.

-The visualizations of the results in the 2D world

The results supplied in this first version of ViViANE are based only on cost evaluations and environmental performances relative to pesticides practices.

-The « Actions » Projections

The « Actions » Projections portray the results of the simulation in a graphical form, created from the PEGASE_Exploitation model (Section 6.4), representing the economic and environmental efforts required to accomplish a passage from the initial condition (described in "Fields") and an alternative situation ("Actions for tomorrow"). The (economic) cost of one action or situation relative to another can be considered as lower bound on the willingness to pay if the community chooses to reduce the potential impact of pesticides products on the aquifer of KerViViANE. The potential impact is determined by the quantity of pesticides products used and their toxicity. Two scales of analysis are retained: the scale of the farm and the scale of the community which is an aggregation of the indicators retained from the results of the 10 agricultural exploitations of KerViViANE.

For a presentation of the results of the simulation, the user should click on the grey button "Update the Simulation." Four indicators are retained:

The economic costs calculated by soil type: This represents the cost of adaptation (or of profit, if the figures are negative) of the passage from the current situation, characterized by information furnished in the "Actions" questionnaire, to the situation imagined by the user. This cost is cumulative, that is, costs (or profits) are incorporated all throughout the period of the simulation. The economic costs (or profits) are established based on the variation of the net income for each farm. Subtracting the agricultural income (quantity multiplied by the selling-price of agricultural products) from the costs imposed by the use of pesticides products (represented by the sum of the cost of the pesticides products used) allows us to establish the net income of the agricultural exploitation. By comparing this net income per exploitation in the two situations, it is possible to determine the cost of adaptation associated with the passage from the initial condition to an alternative situation.

The cumulative quantity of pesticides products avoided by soil type: This involves calculating the environmental performance in the sense we calculate the variation in the quantity of pesticides products associated with a passage from the current situation, characterized by the information given in the "Actions" questionnaire, to the situation imagined by the user. The quantity of pesticides products is cumulative, that is to say we combine the quantities used throughout the period of simulation. The environmental performance is established based on a variation in the quantities of pesticides products used by each agricultural exploitation (quantity used multiplied by the number of applications, multiplied by the toxicity). By comparing the quantity used per exploitation, in the two situations, it is possible to identify the environmental performance associated with passing from the initial situation to an alternative situation.

An extrapolation is proposed on the level of the community by combining the results of the 5 agricultural exploitations. The database allows us to save the information for each of the exploitations.

-The « Least Costs » Projections

The « Least Costs » Projections represent in graphic form the results of the simulation realised through the VIRTUALIS_Exploitation model (Section 6.4). This option proposes the determination, on the community level (regrouping of the 5 agricultural exploitations); of the economic costs and the evolution of the use of pesticides products relative to the target of each of the five scenarios (see Section 6.2). More precisely, it concerns calculating the difference between the alternative situation (that is to say that which the user defines in "Actions") and the objectives of each of the scenarios (see the table above). Two modes of calculation are proposed: (a) Effectuating the calculations while considering that all the farmers act the same as the user. These actions are defined by the user in "Actions" (see Section 6.2); (b) Taking into account, in the calculations, the specificity of the actions that the different farmers are ready to accomplish to modify their pesticides practices. Three indicators are retained:

The economic costs, cumulative by soil type: It is a matter of the cost of adaptation (or of profit, if the figures are negative) of the passage from the situation defined by the "Actions" Projections (calculation of the variation between the initial situation and the alternative situation) to each of the scenarios. This economic cost is cumulative, that is, the costs (or the profits) are aggregated all throughout the period of simulation for the totality of the community. The economic costs (or profits) are established based on the costs of adaptation such as those calculated in the "Actions" Projections, and the costs of adaptation to attain each of the scenarios. In other words, the variation is calculated between the effort that the farmer consents to provide, and that which is necessary to attain the objectives of the scenarios retained through a calculation of the economic cost. In other words, these are the changes of practices which are necessary to attain the objectives of the scenarios, such as those already agreed upon in the "Actions" Projections.

The cumulated quantity of pesticides products avoided by soil type: In other words, it is a matter of calculating the environmental performance in the sense that we calculate the positive or negative variation of the quantity of pesticides products associated to the passage from the situation defined by the "Actions Projections" (calculation of the variation between the initial situation and the alternative situation), to each of the scenarios. The quantity of pesticides products is cumulative, that is, the quantities used throughout the period of simulation are aggregated. The environmental performance is established based on the variation in the quantities of pesticides products used by each agricultural exploitation (quantity used multiplied by the number of applications and the toxicity) between each of the situations. It is therefore possible to calculate the environmental performance, in terms of the reduction of the use of pesticides products in order to attain the objectives of the scenarios such as those already agreed upon in the "Actions Projections."

-The Deliberation Matrix

The Deliberation Matrix (or CUBE) is a user-friendly tool for structuring and organising a multi-actor deliberation around governance issues and discussion of possible future scenarios. It gives the different player categories an opportunity to participate in a multi-stakeholder multi-criteria scenario evaluation of the land use options and water quality management strategies facing the stakeholders in the farming and suburban community. It provides a programme of assistance in deliberation, organising debates, dialogues and exchanges of points of view between stakeholders. The principle is simple but demands nonetheless a reflection in three dimensions: the types of stakeholders, the governance issues, and scenarios.

The Deliberation Matrix is a composite indicator that presents, in a synthetic way, the array of judgements offered by stakeholders concerning alternative perspectives on management of the environmental resource. It is constructed on the basis of three powerful methodological choices:

The management perspectives are portrayed in terms of a small number of 'decision/policy scenarios' each of which expresses distinct technological, economic, environmental and governance features.

The scenarios of distinct possible futures are evaluated from distinct stakeholder perspectives. A small number of major stakeholder categories are specified, based on institutional and interview analyses. The procedure of evaluation allows for the existence of diversity within each major stakeholder category.

The stakeholders' may make their evaluations of each scenario in terms of a variety of different criteria. The criteria are grouped into a small number of 'baskets' corresponding to distinct governance issues. Depending on the situation being considered, these may be quite general themes (such as environmental quality or regional development dynamism, etc.), or they may be quite specific features (such as the source of a town water supply). They have to: (1) Judge the pertinence of each scenario to respond to the stakes identified, and to (2) Share their point of view with the other categories of stakeholders in order to visualize the future of the community.

Therefore, in a matrix representation, the three principal axes of the Deliberation Matrix are:

The Possible Futures: A small number of Decision/Policy Options and/or Scenariosthe depth Z-axis, moving into the page (see the graphic at right).

The Governance Issues: A small number of distinct axes of evaluation -the horizontal Xaxis, moving from left to right.

The Major Types of Stakeholders (or Social

Groups, etc.) -the vertical Y-axis, moving from top to bottom.

Thus, any single cell (x,y,z) in the matrix represents one dimension of the evaluation (x) by a specified category of stakeholders (y), of a possible future scenario z). 

ISSUES OF GOVERNANCE IN KERVIVIANE

The degradation of the water quality in KerViViANE mobilizes not only farmers, but also inhabitants and the community's elected political representatives, in relation to the orientation that needs to be followed to preserve the aquifer. The agricultural profession -The Chamber of Agriculture, Agricultural technicians, Cooperatives (suppliers of pesticides products), public institutions -The Water Agency, The Departmental and Regional Direction of Sanitary and Social Actions, The Departmental and Regional Direction of Agriculture, The National Park, The Local Council, The Regional Council, the scientists…, and the industries which produce pesticides products are all parties that are interested in the evolution of the situation in KerViViANE. Some of them consider that this small community with an aquifer whose structure is "simple," as a place of experimentation for: new political actions to combat the degradation of water associated with intensive agricultural practices ; testing new pesticides products meant to meet new European regulations ; testing new protocols for the evaluation of the impacts on aquifers of pesticides products…

Others would like to restore good quality water in this community. In a synthetic manner, we could identify the issues of governance associated to the degradation of the quality of water in the following manner:

The degradation of quality of water (pesticides…) can lead to a loss of independence in the supply of water, and segregation in the uses of water resulting from quality norms. This also implies the intervention of ideas of collective identity and heritage, local economic security and independence. It is possible to affirm that segregation of users and the uses of water can exist. From the point of view of a qualitative need, agriculture does not necessarily have the same demands as to the quality of water as do local associations.

The existence of competition for access to water in privileged conditions, defined in terms of price and quantity (economic distribution), i.e., the consequences on the price of water when the water is pumped elsewhere. Differentiation in social status between various rural entities (communities / townships) which have water of good quality compared to those whose water is polluted and who cannot meet their own needs any longer. It is a matter of not only a separation of quality/quantity, but also of a question of identity and perhaps prestige, associated to the collective identity and to notions of heritage, local economic security and independence.

The political processes -the influences of power and modes of decision: will governance of the resource take place via dialogue between the stakeholders vs. an enlightened bureaucracy vs. the predominance of dominant interests? What are the interests that will dominate agricultural production, the occupation of territories, the quality of water and the issues of distribution (agricultural sector, local Authorities, European norms, water companies…)?

The degree of artificialization -i.e., the degree to which agricultural production depends on the use of chemical products and energy other that that of the climate and natural terrain; the degree to which water that is pumped, recycled and purified replaces local sources of provisioning for communities and industries. This defines the status of water as a natural / cultivated / produced resource, and supports the notion of heritage and ecosystem integrity. Landscape / Quality of the ecosystem as a component of Sustainable Development -In addition to the concerns of the supply of good quality water for local Authorities, questions can be raised as to the degradation and the contamination of the groundwater which cause unfavourable ecologic changes from the point of view of recreational uses and of the region's inhabitants.

-The Structure of the Deliberation Matrix

Users have the possibility to evaluate the scenarios in function of the governance issues, in order to reveal their judgement (which will be symbolized by the colour of each cell). The first step consists of activating the input matrix. To do this, click on any cell of the input matrix. The image below shows the indicators associated to the cell found at the intersection between an issue of governance and a scenario.

For each cell, the user has to provide an opinion. To do this, he/she must choose an indicator from a preselected list in the Indicator Dialogue Box (see Section 7.3). Afterwards, a rating must be given: good, bad, indifferent, no idea. Finally, a weighting is attributed to the indicator (on a scale from 0 to 100). The sum of the weightings for all indicators retained to make a judgement should be equal to 100%. NB: The button "i" (coloured red) allows access to a detailed presentation of the selected indicator in the Indicator Dialogue Box. The checkable box "Delete" serves to delete the indicators selected from the choices of the indicators expressing the judgement.

-The Indicator Dialogue Box

The generic "Indicator Dialogue Box" is a user-friendly tool for information management, reporting and stakeholder dialogue around environmental governance and sustainability. In order to address the spectrum of decision criteria, performance or governance issues, and a range of potential indicators might be proposed by one stakeholder group or another as having pertinence in support of evaluation judgements. The comparisons may be based on simulations, scenarios, shadow prices and various sorts of maps and models. In any real situation, the information available, the frameworks of analysis and representation (including simulation), and the indicator selection process will be somewhat circumstantial. Whatever the theoretical frameworks employed there will, in each situation, be a unique mixture of information sets, speculations, stakeholder preoccupations and expertise. Those involved in deliberation will partly draw on pre-existing knowledge, modelling and opinion, and will also put forward their own visions and develop their own norms for legitimacy, validation and so on.

The Indicator Dialogue Box is envisaged as a meta-information framework permitting a "dialogue about indicators". It does this by presenting a 'Profile' of each information category that, in part, depends in a dynamic way on the contributions made by stakeholders (as users of the IDBox) in their processes of deliberation. Assessment of any sort of information for management or decision support always has two complementary dimensions: (1) the scientific and technical considerations of rigour, coherence, measurement validation and sensitivity testing for the sequences of data transformation, aggregation and modelling; (2) the user-oriented considerations of pertinence for framing a decision problem and for supporting a multi-user learning activity. The IDBox is thus conceived as an interactive data management framework -a system of 'meta-information' -that facilitates a 'crossing' of these two complementary perspectives on knowledge content and quality.

Design of the IDBox follows the principle of a "progressive disclosure of information". For each indicator (and thus, for the system as a whole) three levels of meta-information are established.

At Level One, the user can see the overall structure or 'Profile' of the meta-information offered about an indicator.

At Level Two, a standard format is offered for the characterisation of individual indicators. This standard format includes provision, in several places, for judgements and "comments" to be offered by system users (including 'producers' as well as 'clients', both categories being considered as stakeholders in the knowledge and deliberation problem being addressed).

Finally, the user may be referred to elements of supplementary information that are perhaps rather long, perhaps quite specialised, or not necessarily available, or not in a standardised format. (This may, depending on circumstances, include the 'data' themselves.) This constitutes Level Three of the system. Notably, the users are offered, throughout Level Two of the main IDBox, opportunities to consult (through hyperlinks) these components of complementary information.

Within this overall structure, Section §1 and Section §2 of the IDBox characterise the information category 'in itself', viz., its 'content'. The subsequent Sections of the ID Box then propose meta-information relating specifically to the envisaged contexts of 'use' of the information in multi-stakeholder multi-criteria deliberation processes. Section §3 relates the information category to the 'issues' being addressed, including attention to the spectrum of stakeholders, the different scales of observation and action, and the range of sites under consideration. Postulates of an indicator's evolution through time, e.g., in the case of a comparative scenario analysis, require distinct considerations as framed in Section §4. Finally, the IDBox has a reflexive component, containing in Section §5 a documentation of the ways that the information is mobilised/exploited in the representation framework of the reference study or project. The whole IDBox system is intended to be a framework for 'knowledge mediation,' a support for multi-stakeholder dialogues and for evaluation of options in environmental governance. We envisage the IDBox as a support for learning and debate engaging a variety of different knowledge producers and users (including scientists themselves). This is why we include, as Section §5 of the IDBox, a provision for meta-information on the role or roles that the indicator plays, or is expected to play, in the overall system of analysis and representation (that is, of production and mediation of knowledge) that is being developed for the situation under study. This covers, in particular, the usages/appearance of the indicator (1) as an input or output of analytical components of the system and/or (2) as an element appearing in the multimedia representation of the KerViViANE system. A detailed presentation of the internal structure of the KerBabel TM Indicator Dialogue Box, with some specific references to the KerViViANE application, is provided in a separate document. See Generic Design Specifications for the "Indicator Dialogue Box", Version 2.0 ( 31 

-Getting around ViViANE

The VIRTUALIS multimedia creations all exploit, in various ways, the principle of 'Progressive Discovery', or Progressive Disclosure of Information. This principle means that system users are to be offered, on screen, a navigation "pathway" that start from concepts and images that are the very accessible or 'intuitive', and then moves on (through "clicks of the mouse, choices in a menu, etc.) towards forms of information, representation and analysis that are less and less readily accessible.

Applying this principle, accessing of scientific information via on-screen multimedia navigation should start with symbols and images of objects that are 'popularly' recognised and interpreted -e.g., easy-to-interpret maps, and so on -moving towards more complicated analytical models and explanations of the data transformations, and finally towards presentation and discussion of underlying hypotheses, uncertainties, controversies about the scientific knowledge. But, people learn from different 'starting points' having different domains of knowledge, widely contrasting preoccupations, and so on. In any multimedia framework for learning, documentation and communication, there will not be one pathway of "progressive disclosure" but rather a variety of 'learning pathways' should be offered that are "optimal" for different classes of users.

For example, for many people (but not all) information relating to their own work, consumption or recreational activities may be a starting point. A "change of scale from individual to collective (e.g., territorial, national, world) statistics can then allow appreciation of the 'wider' picture. This is the premise of the Personal Barometer concept. At a scientific level, a key interest may be to discover the data sets used by modellers, and to explore and discuss how a specific concept or information set might be applied for modelling. For others again, such as decision makers or activist groups motivated directly by governance concerns, a comparison of policy options or scenarios might be the first concern, leading back to appraisal of the criteria being proposed for evaluation of the options. An insight that emerges for one user (e.g., a farmer or a consumer) as the end-point of a long "voyage of discovery", might be the natural starting point for a different class of user (e.g., a water system engineer, an elected politician) whose personal and professional competences prepare them differently.

In short, it is very likely that several alternative pathways will be desirable for the "entry" into and the progressive discovery of a virtual world. This means that, in general, we should not consider a multimedia TIDDD or DST as offering a linear process of disclosure but rather a network with many alternative starting points and pathways of disclosure -giving to the virtual world the character of a labyrinth or a maze. In the "surfing" metaphor, users pass from screen to screen, encountering one after the other a sequence of objects, images, texts or composites. Each and every "screen" is a node in the www labyrinth; and, within the metaphor (sic) of the Information Highway we can call them "rest areas" and, if there is a bit of richness in them then we might call them "discovery spaces". Any object, menu or set of results of a model, (or any other type of information set), or any entire "space of discovery" encountered in a virtual world might -and indeed, inevitably, will -be encountered from several distinct directions and, as such, will have an interest, meaning or 'significance' or 'sense' (or lack of sense, etc.) in a variety of different contexts that are defined (more or less fuzzily) by the path of arrival. KerViViANE is, indeed, constructed in terms of a set of 'spaces of discovery' that can be considered as so many nodes/crossroads in a maze. We can characterise the possible pathways as the set of sequences of passages between these spaces or nodes.

An analogy can be made with moving around in a house. Suppose that there are N rooms, with the doorways between two rooms (the i th and the k th rooms) being denoted D ik . (For simplicity we suppose that there is only one doorway connecting directly from the i th to the k th room). To portray the complete set of links or doorways, we can use an NxN matrix array where the i th row signifies the room of departure and the k th column signals the room of arrival, the link (or doorway) then being designated by the cell D ik . The rooms themselves are designated by the diagonal elements in the matrix (viz., D kk ). In the figure below we give the 'pathways matrix' obtained in this way for the main components of the 'VIVIANE' prototype. This pathways matrix framework is employed for the documentation of the KerViViANE world itself (see Section 8.4 below).

-The structure of the Virtual Library (Documentation)

The Virtual Library, also called « The Gardens of ViViANE,» establishes a connection between the ViViANE prototype and KerBabel TM (or the Babel Gardens), the knowledge mediation portal for sustainable development and environmental issues developed within the UMR n°063 C3ED IRD-UVSQ of the Université de Versailles Saint-Quentin-en-Yvelines, France. Direct access to KerBabel is possible from the following address: http://www.c3ed.uvsq.fr/kerbabel/.

From the general, bottom menu of the ViViANE interface, or by clicking on the "Library" building in the 3D world of KerViViANE, the user can access the Gardens of ViViANE which offers not only access to data proprietary to the C3ED (http://www.c3ed.uvsq.fr), but also to other sources related to sustainable development and environmental governance issues. This site is made of "gardens" containing "areas". Each of these Areas contains "references" to diverse types of available documents. Each reference provides access to either a digital file downloadable in various formats, a link to a specific site, or information necessary to access certain types of content unavailable through the internet (subscription publications, books, databases, indexes, theses, projects). This broad library aimed at digital education can be searched by theme, title, author, editor, key-word, and other criteria. It contains multimedia documents in various formats: DOC, PDF, HTML, DHTML, FLASH, MPEG, Video Stream, Pictures, on-line simulation models, links to other interactive websites (forum lists, quizzes, games, environmental news, research projects, institutions, other portals...), the list of university training programmes for environmental and sustainable development studies, and many other documents.

The documents are organised by themes. Within the virtual library, it is possible to find the four domains of implementation of the VIRTU@LIS Project (AGRICULTURE, CLIMATE CHANGE, WATER, FISH), education (EDUCATION), publications (PUBLICATION), the VIRTU@LIS Project (VIRTUALIS), documents in relation to ViViANE (ViViANE) and others (OTHER), regrouping search engines and other references which cannot be classed under the preceding categories.

-The features of the KerBabel Virtual Library

Access to the "Gardens of ViViANE" doesn't require a login or password. More precisely, when a user accesses the Gardens of ViViANE as well as KERBABEL from the ViViANE interface, the login is automatically effectuated as a Visitor. Therefore, access is provided by this route, only to documents classed as accessible to the public.

-The IDB as a Documentation Framework

In Chapter 7.3, we have mentioned the 'reflexive' role that is envisaged for Section §5 of the KerBabel IDBox as a system for documentation of the place of each information category in the overall system of analysis, representation and communication being developed for the situation under study. This is a novel concept for meta-information opened up by the new multimedia technologies. The 2004 prototype ViViANE does not yet fully exploit the reflexive documentation perspectives evoked here; but during 2005 the features will be added in.

The KerBabel

TM Indicator Dialogue Box system is intended as a framework for the "mediation of knowledge" supporting multi-stakeholder dialogues and evaluation in a specified environmental governance situation. We envisage the IDBox as a support for learning and debate engaging a variety of different knowledge producers and users (including scientists themselves). The new multimedia ICT's open up revolutionary possibilities for offering access to data using visual and other 'cues' that are adapted to the interests and prior experience of different classes of potential users. Radically new information disclosure techniques can be employed for the communication of scientific work, including specific provisions for the desired stakeholder dialogues. This means that the design of any such documentation and communication framework becomes, in itself, a key component of work on the science-society interface and, correspondingly, the documentation of this framework and of (among other things) the roles played by the various models, information sets and data of the scientific community, has to be included as part of the overall scientific documentation.

Section §5 of the IDBox is a documentation (or meta-information) about the role or roles that the information category (concept, indicator, etc.) plays, or is expected to play, in the overall system of analysis and representation (that is, of production and mediation of knowledge) that is being developed for the situation under study. This can cover the usages/appearance of the indicator (1) as an input or output of analytical components of the system and/or (2) as an element appearing in the multimedia representation of the system.

With the navigation metaphors and terminology conventions introduced in Section 8.1 (Getting around KerViViANE), a straightforward way to characterise the roles that an indicator plays within the DST system, is to signal:

Within which DST component(s) it is utilised: this is shown by a code in the corresponding diagonal cell(s) of the pathways matrix; Between which pairs of DST components the indicator is mobilised: this is shown by a code in the corresponding off-diagonal cell(s) of the matrix. Note that this characterisation of a link is directional and in cases of a two-way traffic there will be two cells designated (D ik and D ki ) in a mirror-symmetric relationship within the matrix.

Using these conventions, we propose that meta-information in Section §5 of the Indicator Dialogue Box shall be based on a presentation, for each indicator (or information category, concept, etc.), of a matrix with the structure indicated above, within whose cells are symbols indicating in which 'components' of the DST and/or for which links between components the indicator is exploited. These symbols can be active fields that, when activated by the mouse, give 'pop-ups (or similar) with a short statement of the role of the indicator. 4It would also be possible, for an overview of the information mobilised in the DST, to envisage use of the matrix presenting the overall navigation structure, and to obtain by clicking on each cell a list of those indicators exploited within the DST component in question or along the 'link' between the two components designated by the cell. This is in some ways analogous to the traditional practice of providing a list of variables in the documentation of a mathematical model. Some of the theoretical explanations of learning were presented earlier (in Chapter 2). These theories help to describe current beliefs and understandings about the external influences on the learning process and how these forces have an impact of what is learned. They say less about the internal processes of learning. All but the most fundamental behaviourist beliefs about learning lay considerable store by learning taking place 'inside the head'. The procedures that are involved are generally accepted as including the receipt of information from outside the person through the sensory organs (predominantly the eyes and the ears), the allocation of attention to the information received, and action on this information in the learner's memory. The memory element of this process involves at least two parts of the 'memory system', short term working memory and long term memory.

But there are limitations within this 'information processing' system which are human limitations affecting every learner. These are, first and foremost, a naturally occurring constraint of attention which does not normally permit giving attention to many elements of incoming information at the same time. Rather they have to be given attention sequentially. The other constraint, also naturally occurring, is the limited capacity of short term working memory.

Awareness of the learning process and of the thinking which part of it has been the subject of much psychological and pedagogical study. The term "metacognition" is used to refer to the cognitive (and arguably also the affective) awareness and understanding of learning and thinking. Metacognition includes knowledge, skills and strategies, and a substantial degree of monitoring and control (often termed "regulation" when taken together) of the learning process. Different learners will make use of their metacognitive awareness and skills and these differences will contribute to the effectiveness of learning procedures and the success of achieving learning outcomes

-Metacognition and memory in learning

All active thinking takes place in short term working memory and because of its inherent limited capacity, there are substantial constraints in place for many learners. The activity or process of learning itself probably involves some key elements, and all of these take place in short term working memory. They are:

the identification of the new information just received by the sensory organs and to which attention has been given; the recollection of the rules and procedures for the relevant thinking associated with the on-going learning task (for example the rules and procedures are different for a task which entails producing a written product compared with the production of an oral explanation or an explanatory diagram);

The application of these rules and procedures;

The accessing and retrieval of prior knowledge and experienced held in long term memory with which the new information has to be linked to be remembered;

The processing of the new information so that it can be successfully linked with existing information and subsequently recalled when required (the essence of new learning is making links with previous learning).

These four elements of the learning process compete for the limited resources of short term working memory and the proportion of 'learning space' allocated to each differs substantially for different learners. For example, learners who have not mastered the rules and procedures for the relevant thinking must use a substantial part of short term working memory to recall and apply these rules, leaving a limited resource for the accessing of prior knowledge and the processing of new information to become linked with this prior knowledge. The result of this conflict is that learning is slow and often difficult. More informed and more advanced learners will have mastered the rules and procedures for the learning task to a level where they can be applied automatically. These learners are more able to devote their available 'learning space' to the processing of new information for long term memory and this involves the application of metacognitive knowledge, skills and understanding and the application of the self-regulation procedures which are often indicative of more effective learning.

-Supporting a metacognitive approach to learning

The key to being able to successfully adopt a metacognitive approach to learning lies in the management of the use of short term working memory to carry out the five functions listed above. These elements must function in balance, shown diagrammatically as follows.

Short Term Memory

Identifying the new information which has to be learned Selecting memory sources relating to the rules and procedures for the task in hand Applying the rules and procedures to undertake the learning task in hand Selecting memory sources relating to relevant past experience to link with new

Processing new material by establishing links with past knowledge and experience

The design of the learning environment should help the learner to fulfil the activities of learning shown in the Short Term Memory part of the above diagram. Some of the techniques which can be integrated into a learning environment are as follows.

Identifying the relevant new information -use of colour, highlighting, text variations, arrows, etc. to separate the key new information from supporting or less relevant information.

Listing learning objectives or intending learning outcomes is also a helpful technique (see Box 1) and it is particularly helpful to provide the user with a means of returning to the statement of the outcomes from any point later in the learning material. It might also be helpful to reduce the amount of information onscreen at any one time.

Recalling rules and procedures for the task in hand and applying them to complete the learning tasktraining in the learning task procedures is desirable and worthwhile. Thus can be undertaken either as an earlier part of the learning environment or can be practised separately. Presenting material in a format which makes the rules easier to apply improves the completion of the learning task. This includes establishing an order in which things are to be learned; placing related items in close proximity to each other; and presenting the logic for the inter-relationships between elements of the Long Term Memory (LTM) -store of previous knowledge and experience and of knowledge relating to the rules and processes relevant to thinking tasks

Recall of relevant knowledge from LTM

Balance

Processing of new knowledge into LTM

BOX 1 -Examples in ViViANE of identifying new learning material

The objectives of the Virtual Visit are presented and accessed freely during the early stages in the ViViANE software.

BOX 2 -Examples in ViViANE of establishing an order for learning.

The Guided Tour in ViViANE presents a logical order for learning the elements of the new material presented. learning task -i.e. learning is unlikely to be linear but will have, perhaps, several sets of links or relationships which should be made clear to the learner (see Box 2).

As expertise in applying the rules improves, the need to recall the rules and procedures from long term memory decreases. When this has been achieved, the learning activity for this type of learning task has become automatic. This automaticity is very relevant to the ability to apply a metacognitive approach to learning.

Selecting relevant past experience and processing new information to link with it -learners can be encouraged to identify their own previous knowledge and experience which are relevant to the learning environment. Suggestions can also be provided to indicate how new information may be associated with existing information (see Box 3), although the processes for this will normally be determined by the learner.

Regulation of on-going learning is an important part of this element of the learning process and opportunities and facilities for the learners to monitor their achievement of the intended learning outcomes is a valuable part of the learning material provided. During self-regulation of learning, it is usually helpful for learners, individually or collaboratively, to refer to the intended learning outcomes.

Users who are able to apply their metacognitive skills at a high level will have greater success in tackling a learning situation and therefore it is an aim to raise the metacognitive awareness and skills of all the participants. Supporting learning by helping users to achieve the learning outcomes and to apply their knowledge of learning, are important elements in achieving the expertise required to be able to function metacognitively. As learners become increasingly able to employ their metacognitive skills, the processing of new learning substantially improves.

Box 3 -Examples in ViViANE of supporting the processing of information for LTM

The personal barometer enables users to supply information from their own awareness and experience and to create a comprehensive picture of different characters within the ViViANE scenario. Comparison with "default values" allows the user to determine directions for his progression through the learning material. 

New developments of and based on ViViANE

-New applications of the generic functionalities

The development of the ViViANE prototype took place over 30 months, throughout 2002 -2003 and up to mid 2004. During this period, the VIRTUALIS consortium accumulated new experiences, had to confront new demands as well as the feedback of the experiences of many various kinds of users. In this chapter, we briefly present the new features and developments that we have (or that can be), foreseen to develop in ViViANE version 1.2.1 itself. New applications based on the use of generic functionalities in ViViANE are also listed, though in a non-exhaustive manner.

-New developments in ViViANE

The evaluation of ViViANE by different users has revealed the need for an overall presentation of the benefits of this kind of prototype. The richness of information available in the prototype has tended to mask parts of the message of ViViANE for a non-initiated public.

During the year 2005, the ViViANE software is undergoing various developments to improve some aspects of navigation. This work may result in some changes of screen appearance and may also imply some changes of navigation pathways or options. However, the overall structure and content of ViViANE is not being changed, so the guide to users remains essentially valid for the 'revised version' just as for the first version. Please see the Note to the Reader (p.4 in this guide) for a more detailed description of the changes expected in the forthcoming version of ViViANE.

The creation of a new "Wheelchair Initiation", a navigation option for initiating visitors, aims to highlight the features of the prototype and the functionalities available to the user for responding to questions regarding environmental degradation by agricultural activity under three types of questions: (1) the Personal Barometer (setting up profiles of individual practices and lifestyles); ( 2) the Scenario Generator (imagining the future of the community); (3) multi-actor game play (setup of a deliberation around the possible futures of the community). This new guided visit also better describes the different modes of interactions which exist in this prototype : the different discovery pathways, either in the form of explorations or functionalities, as well as the possible interactions between users through the Deliberation Matrix or the Indicator Dialogue Box to discuss the different possible futures of the community. Finally, it explains the technical specifications for running ViViANE. This presentation is meant to be more explanatory than the one accessible from the current (2004) ViViANE prototype (see the introductory animated Flash sequence) by highlighting the key points of ViViANE. It is presented in the following form:

Other perspectives for development can also be imagined; for example, creating discovery pathways for people (children for example), who have no particular knowledge regarding the problematic. This simplified discovery pathway would highlight the key elements of environmental degradation by agricultural activities. Also, a more direct access to the different functionalities could be created. These functionalities can already be identified: the four types of visits, the Indicator Dialogue Box, the Deliberation Matrix, a presentation of the different actors, a presentation of the stakes, the scenarios, the Virtual Library, the documentation, the website of the VIRTUALIS project, the home page, the map of KerViViANE, access to the different objects of the virtual world (farms, town hall, etc…), a presentation of the structure of the ViViANE prototype. This goes along with the idea of creating an online interactive prototype for the general public. What we want is to create direct, user-friendly access to the desired functionalities, without too much introductory information, all the while maintaining ease of use and an attractive visual design.

-New applications of the generic functionalities

Overall, the VIRTUALIS project has 'proven' the scientific validity and educational relevance of the four 'generic functionalities' proposed in the work programme. On one hand, through experiments with operational domain applications, the 'basic' concepts of the VIRTU@LIS work programme have been given mature expression.

For example in ViViANE the "DELIBERATION MATRIX" adapted from the GOUVERNE project, has 'proven' its pertinence in educational and professional contexts: as a strategic evaluation tool, as a deliberation support tool in its own right, or -as designated for ViViANE -as a 'multi-user governance game'. 5 At the same time, some new concepts have emerged. Through the example of ViViANE, and also 5The "Deliberation Matrix" as a multi-stakeholder multi-criteria evaluation framework was given its first operational expression as a component of the scenario evaluation 'Deliberation Support Tool' (DST) developed by the C3ED and partners during 2001-2002 for the Champigny aquifer case study of the GOUVERNe project -Guidelines for the Organisation, Use and Validation of information systems for Evaluating aquifer Resources and Needs -a multi-partner research programme funded under the 5th Framework Programme, theme « Energy, Environment and with reference to other VIRTUALIS prototypes, we have highlighted the importance of meta-information frameworks for organising and presenting the information categories mobilised within an evaluation, simulation or educational system. The need for a generic meta-information framework is crystallised in ViViANE by the "INDICATOR DIALOGUE BOX" as a fundamental structuring framework. We now envisage the "KerBabel™ IDBox" as a generic tool or functionality in its own right. The IDBox Version 2.0 that is included with ViViANE, and which was developed specifically as the interactive documentary support for ViViANE 6 , has been developed using open-source multi-media tools so that it can be used on any contemporary desktop or laptop computer with a minimum of plug-ins and licensing requirements. Since then, a Version 3.0 of the KerBabel™ INDICATOR DIALOGUE BOX has been implemented, and has been 'on-line' and operational for approved users since the end of 2004. The concept of Version 3.0 has not changed from the Version 2.0 used in ViViANE, but contains several modifications to the structure of the meta-information and the user interface and has a greater flexibility for adaptation to the methodological profile and operational requirements of the variety of envisaged applications. This stabilisation of 'generic' concepts now opens the way for the creation of applications in a wide variety of new teaching, research and evaluation contexts.

The current fields of application for the KerBabel™ "Indicator Dialogue Box" and the "Deliberation Matrix" include: indicators and stakeholder dialogue for company social responsibility (CSR) reporting; multi-criteria assessment of social, economic and environmental impacts of mining activities (including pre-and post-mine aspects, in collaboration with the BRGM); multi-criteria multi-stakeholder assessment of the effectiveness of regional development programmes for achieving sustainability objectives (e.g., the EC funded SRDTOOLS Project); indicator management and evaluation of policy scenarios for managing large scale environmental risks in Europe (within the ALARM Integrated Project); integrated analysis and management of coastal zones and marine resources (the PASARELAS SSA and the project ECOST funded by the EC INCODEV programme). 8 These ongoing studies and projects will all exploit the Version 3.0 of the Indicator Dialogue Box that has been operational 'on-line' in an experimental format for approved users since the end of 2004, and will make use of a re-programmed 'generic' Deliberation Matrix tool that permits an improved articulation between (i) the visualisation of stakeholders' judgements, (ii) the spectrum of indicator information available, and (iii) the procedures or algorithms for composing a 'judgement' based on the component information. 9 For example, in the context of the ALARM integrated project on governance of biodiversity risks, funded by the EC ("Assessing Large Scale Environmental Risks with Tested Methods", coordinated by Josef Settele, UFZ, Germany, 2004-2008, see www.alarm-project.ufz.de), the C3ED has developed a concept and operational specifications for a "Biodiversity Europe" multimedia Deliberation Support Tool (DST). The DST has 12 main components or "Areas" within the multimedia framework, which have been named: Home, Garden (a discovery space), Methodology (for the SE analysis), ALARM (opening onto the project's home For ViViANE, there was a direct appropriation of the GOUVERNe DM structure with, however, a greatly amplified supporting framework, notably via the "Indicator Dialogue Box". onto the ALARM Data Warehouse) Knowledge Quality Assessment, Documentation (comprehensive on-line resources). There are also several "service" areas and functions such as Search, Help. 10The "Biodiversity Europe DST" incorporates the VIRTUALIS 'generic' functionalities of multi-player game (via the Deliberation Matrix) and Scenario Generator (as an educational introduction to European scale scenarios proposing profiles of possible land use and biodiversity futures for Europe, developed by other partners within the ALARM consortium) within a highly structured virtual world; on the other hand it does not foresee (at present) the development of a 'Personal Barometer' functionality. However, the latter type of functionality is expected to feature strongly in the new agricultural domain applications, notably a multi-scale programme of analyses and stakeholder deliberation (from field to planet) on agriculture and sustainable development (AGRI-VISTAS), currently under discussion with financing bodies and expected to take shape during 2005. It is also possible that, in the ongoing applications on coastal zones -including fisheries resources exploitation -there will be a place for 'Personal Barometer' concepts adapted from VIRTUALIS, e.g. the 'FISHUALIS' link from individual consumption to fish stocks in the sea.

Finally, a variety of territorial governance questions on the urban-rural interface (e.g., territorial planning, interface between urban populations and multi-function agriculture, biodiversity, and urban redevelopment) are currently being explored, notably in partnership with other members of FONDaTERRA (the Fondation Européenne pour des Territoires Durables). 11 We are also exploring a possible application in exploratory scenarios for the assessment of technical options, societal preoccupations for energy supply and demand, and the long-term management of radioactive wastes. 12 This outline of 'new applications' is strongly circumstantial (e.g., new applications will be explored; current funding proposals may mutate or die) and is limited to activities directly engaging the KerBabel Team at the C3ED. An overview of the exploitation outlooks based also on the other VIRTUALIS domains can be found in O'CONNOR M., DOUGUET J.M., LANCELEUR P. and CHATENAY S. 

-Assessment Tools

The composition of the VIRTUALIS consortium is based on various kinds of expertise, and correspondingly, the evolution of the prototype quality was pursued along several lines simultaneously. For evaluating the quality of information used in ViViANE, three formal procedures were applied in addition to concerns for the technical functioning. These were: an embedded reflection of knowledge quality based on the NUSAP analysis; the appropriateness of the developed prototypes in terms of learning (short evaluation paper); and the design of the prototype (GESTALT). Below is a short description of each of these methods:

NUSAP

Description

The NUSAP system for multidimensional uncertainty assessment [START_REF] Funtowicz | Uncertainty and Quality in Science for Policy[END_REF] aims to provide an analysis and diagnosis of uncertainty in science for policy. The basic idea is to qualify quantities using the five qualifiers of the NUSAP acronym: Numeral, Unit, Spread, Assessment, and Pedigree. NUSAP complements quantitative analysis with expert judgement of reliability (Assessment) and systematic multi-criteria evaluation of the different phases of production of a given knowledge base (Pedigree). Pedigree criteria can be: proxy representation, empirical basis, methodological rigor, theoretical understanding, and degree of validation. Pedigree assessment can be further extended to also address societal dimensions of uncertainty, using criteria addressing different types of value ladenness, quality of problem frames etc. NUSAP provides insight on two independent properties related to uncertainty in numbers, namely spread and strength. Spread expresses inexactness whereas strength expresses the methodological and epistemological limitations of the underlying knowledge base. The two metrics can be combined in a Diagnostic Diagram mapping strength of for instance model parameters and sensitivity of model outcome to spread in these model parameters. Neither spread alone nor strength alone is a sufficient measure for quality. Robustness of model output to parameter strength could be good even if parameter strength is low, if the spread in that parameter has a negligible effect on model outputs. In this situation our ignorance of the true value of the parameter has no immediate consequences. Alternatively, model outputs can be robust against parameter spread even if its relative contribution to the total spread in model is high provided that parameter strength is also high. In the latter case, the uncertainty in the model outcome adequately reflects the inherent irreducible uncertainty in the system represented by the model. Uncertainty then is a property of the modelled system and does not stem from imperfect knowledge on that system. Mapping components of the knowledge base in a diagnostic diagram thus reveals the weakest spots and helps in the setting of priorities for improvement.

Resources required

Resources required for assessing the Spread qualifier depend on the method chosen (some form of Sensitivity Analysis or Monte Carlo analysis usually in combination with expert elicitation will be needed).

For the assessment of Pedigree, many resources (pedigree matrices, pedigree calculator, kite diagram maker, elicitation protocol and questionnaires) are freely available from http://www.nusap.net. Basic skill of Expert Elicitation is required.

If one uses an expert workshop, basic skills for facilitating structured group discussions are needed. In addition, skills are needed to arrive at a balanced composition of the workshop audience to minimise biases.

Time required per expert elicitation in a one to one interview depends on the number of parameters and the complexity of the case. It may typically vary between 1 and 5 hours. A substantial amount of time may be needed for a good preparation of the elicitation interviews.

Recommended length for a NUSAP expert elicitation workshop is between one and one and a half day.

Short evaluation paper for use online

Description

The evaluation paper was prepared to meet two identified needs within the ViRTU@LiS Project. One need was to bring together some of the elements of evaluation to demonstrate their use and applicability to a range of software producers who might have had only limited experience (or none) in the tasks associated with evaluation of learning material. The other need was to produce an instrument for evaluation which would fulfil its function of evaluating electronically available learning material but would make such demands on the users that the use of the learning material itself was not to be 'overshadowed' by the tasks involved in evaluation of that material. The paper was therefore designed to be a relatively short task, certainly much shorter than the engagement with the learning material itself. The design of short evaluation paper also took account of the nature of the users of the material to be evaluated. Some of these users were school children and others were individual users who were not experienced in completing lengthy and complicated evaluation instruments. The concepts used in the instrument had therefore to be easily understood and were to be interpreted with ease, so that the use of the evaluation paper did not function as a measure of how much the users knew and understood about evaluation. Similarly, the learning instrument was designed to be accessed and used online by users of the ViRTU@LiS material from different national and cultural backgrounds. The expressions and the terminology employed had therefore to be readily understood or interpreted into a native language. Introducing different evaluation tools into a single instrument was an important function of this evaluation paper so that there was an acceptable coverage of the different approaches. This was seen as both providing the user with some variation in the types of questions to be answered and in giving an introduction, to those who required it, to the different techniques which are commonly part of the evaluation process.

Resources required

This evaluation paper was available only online but it could be used in two ways. The layout and presentation enabled the paper to be printed and used as a hard copy and if this method were adopted, the full instrument was designed to cover only two sides of A4 size paper. Alternatively, and preferably, the instrument was to be used in its online version. A "submit" function was attached to the online version so that with a single key stroke, the completed instrument was sent electronically to the relevant members of the ViRTU@LiS Project team. The evaluation instrument also an electronic link so that the material to be evaluated (those elements which were available and accessible online) could be used within the same operation as the evaluation activity.

Strengths and limitations

+ Acceptably wide range of evaluation techniques has been integrated into a single instrument, permitting a limited degree of triangulation of the views expressed. + The instrument was short and the language and terminology used were designed to be widely known and easily translated by non-native English speaking users. + The structure of the questions varied to help maintain a stimulating layout and motivating format. + Every question asked required consideration and judgement from the user beyond a simple Yes/No response + The ability to use the instrument online and to submit the completed form the Project team electronically, substantially removed this administrative burden from users.

-Through being a short paper, it was less searching than a longer instrument could have been.

-An unstructured "What did you remember" type of question did not produce many responses from some of the younger-aged school children and a more structured question might have been more appropriate.

GESTALT

Description

This tool was prepared to help with the design or re-design of ICT learning material and the acronym stands for Goals (E) SiTuations Activities Learners Tools. It was suggested by [START_REF] Baker | Assessment of existing concepts: Deliverable D.2.C.1[END_REF] and was proposed as a tool for focussing discussions about design with people from a range of different disciplines and with a different expertise. The intention was to attempt to bridge a gap between the evidence gathered by research and its use in the design of teaching material using ICT. The tool is aimed at a structure for designing ICT material where there would be a systematic set of relations between: the characteristics of the learners for whom the material might be designed; the activities in which they were to engage; the tools which might be used; and an overall integration of these relationships in a social environment.

The starting point for an analysis is to examine the categories of tools used in the software under scrutiny. These tools include the ability for navigation, data entry, information presentation and the demonstration of results. The next stage is to examine the activities and it is often possible to identify those at different levels, such as low-level activities (like entering numerical values) and high-level activities (like providing personal information). The combination of the analysis of the tools and the activities leads to the clarification of the pedagogical goals most likely to be achieved resulting from carrying out particular activities using specific tools.

The examination of the characteristics of the learners and the impact of the social circumstances of using the learning material involves the inspection of the user manual relating to the material. This takes account of the views behind the design strategies for the material and establishes an explanation of the target audience for whom the material was produced. It also indicates the extent to which these users might be expected to participate individually or collectively in addressing the pedagogic issues of the learning events associated with the material.

Resources required

The supporting user guides for the material under study has to be available. Also, there must be the opportunity to question in depth, the users of the material and this would take account of the range of stakeholder interest in the learning material. This could take place in a workshop environment where the users would have the opportunity to interact, as appropriate, with the learning material and then be able to examine their activities and accomplishments along with experts in the relevant research field.

The bringing together of the views of the researcher and of the designer involves a further stage of elaboration and consideration separate form the earlier analyses of the material and the users' comments.

Strengths and limitations

+

There is an in-depth examination of learning material which integrates findings from both the users and from a detached analytical examination of the supporting documentation.

+

The analysis covers a wide range of possible contributing factors relating to the preparation and the use of the learning material.

the consideration of the interaction between the perspectives of the users and the designers needs the participation of experts and therefore the use of this approach may be limited to those with a specific expertise and experience.

-Minimum configuration

The use of this product is based on a standard configuration. Two configurations are possible: The client machines should then connect to the URL where VIVIANE was installed.

-Starting ViViANE

For a single computer installation, double click on the icon that was created on your Windows desktop by the VIVIANE installation procedure. You can also open your navigator and launch the following URL http://localhost/ViViANE1/index.php (if the web server is already launched, click on the EasyPHP icon in the taskbar on the bottom right of your screen). This address can be saved in your favourites to be loaded later.

For a client-server installation, open your navigator and open the URL given to you by the system administrator.

-Functional structure of the prototype

The architectural basis of the product aimed for rests on a modular system, where the 3D and 2D parts were developed with several technologies able to be integrated in a web navigator. The communication between the different elements passes through Javascript messages. The data originates in a MySQL database. In the VIVIANE prototype, the website was written in DHTML, PHP and MySQL. The 3D part is managed by the Virtools15 Web Player, and the forms in the 2D side were written in PHP/MySQL. The graphic capacity and the CPU of currently available machines allow this application to function in an autonomous manner, in a client-server mode of in a Web Services mode. This modular "triptych" allows the changing of any one of the elements of the interface without compromising the totality of the structure. On the other hand, the model is very lightweight, and not weighted down by middleware. The grand majority of the data stays in their current format. Finally, no database engine is imposed. This architecture therefore allows the method to be respected, all the while proposing a structure that is capable of evolution, in which the elements can be changed as a function of what is needed without changing the whole system. This type of architecture does not aim to unify the format of the pre-existing data. Rather, it proposes to offer a methodological framework (see "The Indicator Dialogue Box"), in order to organise the existing data. The rationalization occurs by the methodical appreciation that we can have through the content and not by the formatted reading of data. The cognitive method proposed by the interface can be reproduced and offers a visual identification. The multiplication of the "products" for each area of applications becomes therefore an encyclopaedic collection, the reading and access to which is the same regardless of content. 

-Organic structure of the prototype

The product runs in a web navigator. The screen is composed of three main parts:

The 3D Part The 2D Part

The plan of navigation. The « VIVIANE » 16 prototype illustrates this principle by splitting up into composing elements:

The product is composed as follows:

16 « VIVIANE » stands for Visite Virtuelle A Notre Environnement (Virtual Visit to Our Environment). This prototype was conceived within the framework of the European project VIRTUALIS (http://viviane.c3ed.uvsq.fr). See the document attached as an annex. 
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 4 types of learning identified during the use of the ViViANE prototype. Finally, New Applications (Chapter 10) and Extended Applications (Chapter 11) are foreseen. The tone and style of an electronic learning environment

  guided visit takes you first to the newsstand. Click on the newspaper stand in front of the store… Click on the newspaper in the slide out window to open a link to a web page where you can discover the different problematics of the scenarios: Degradation of the environment; land, surface water and aquifer quality, as well as a description of the way different methods of production and consumption impact this community. Click on the button at the lower right side to advance.

  Click on the Deliberation Matrix icon in the bottom navigation menu to access the matrix. You can use the arrow keys and the page up/down keys to move around. The three axes of the Matrix are respectively: Stakeholders, Issues, and Scenarios. The three images to the top, right and left symbolize the outcomes of each of these axes. The images change as a function of the choices we make in the Deliberation Matrix.To start, choose a slice of the Matrix by clicking on the small cubes located on the blue arrows of the axes as shown above.

  Click on the farm icon in the bottom Navigation Menu to see Farm1, and its fields. Each farm's fields are outlined by a green frame, as shown, and the other farms' fields are made transparent so that it's possible to see the extent of that particular farm's cultivations. Each farm has a farmhouse, chicken coop, fruit trees, a barn, and a silo... Click on any of the farm buildings to open a slide-out menu at the top of the 3D window.

  Homepage and the Menu of the Farmer's PBThe homepage presents the objectives of the « Personal Barometer » (BP) tool. Three options are possible: clicking on an agricultural exploitation in the 3D world, using the Plan of Navigation (on the bottom of the screen), or clicking on one of the hypertext links on the ViViANE homepage. To go from one option to another, click on the hypertext links:

  The questions are relative to: What are your criteria when choosing to purchase pesticide products? (choose several) : price, effectiveness, risks for human health, risks for the environment, target to be treated What are your sources of information related to the use of fertilizer, pesticide treatment, and irrigation? (Choose several): Specialized journals, merchant, cooperative, advice of an agronomist, personal experience, department of agriculture, technical institute, other farmers, other. Do you have access to updated information of hydrologic stress? (choose one) : possible responses: yes, no Do you have access to regularly updated information on meteorological data? (choose one) : possible responses : yes, no Have you taken courses or received advice regarding the use of your fertilizer spreading equipment; the use of your irrigation material; the use of pesticide products? (choose one) : possible responses : yes, no

Graphic 5 . 7 . 3 :

 573 The impacts of the mode of consumption in terms of the use of pesticides in relation to the modes of agricultural production. Graphic 5.7.4: The impacts of the mode of consumption in terms of water consumption in relation to the modes of agricultural production. NB: See Chapter 4 for a representation of the results of the consumer's Personal Barometer in the 3D world. The representation of the results of the Personal Barometer is represented as the image of the "water tower" and a view of the agricultural surface necessary to meet the needs of the consumer.

  Envisaging the future of KerViViANE brings the user to define what the community might look like 20 years from now. The Scenario Generator proposes an ensemble of five predefined scenario narratives that, individually, and as a set, highlight key trends in the evolution of agriculture and water management, in particular between now and the year 2015, the year when surface waters and aquifers of Europe should be of good quality according to the European Commission.

  December 2003)", produced by the C3ED on the multi-partner 'VIRTUALIS' Project -Social learning on enVIRonmental issues with the inTeractive information and commUnicAtion technologies, co-ordinated by the C3ED (Université de Versailles St-Quentin-en-Yvelines) and led by Martin. O'Connor, funded by the European Commission's IST Programme: Information Society Technologies, Key Action 1 Systems and Services for the Citizen, Project No. IST-2000-28121 (September 2001 to March 2004).
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  page), Stakeholders, Issues, Indicator Dialogue Box, Deliberation Matrix, Scenarios; Maps & Data (opening Sustainable Development » (Contract No. EVK1-CT-1999-00043, coordinated by Martin O'Connor at the C3ED, March 2000 to February 2003).

  CONNOR M., DOUGUET J-M., KULJIS S., LANCELEUR P., LEGRAND F., MAXIM, L. (2005) The Pathways Matrix: Design Concepts for the ALARM Project Multi-media Deliberation Support Tool 'Biodiversity Europe' (on-line documentation, evaluation and communication interface), Rapport de Recherche du C3ED, KerBabel™, C3ED, Université de Versailles St-Quentin-en-Yvelines, Guyancourt (June 2005).
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  See for example, KULJIS S., MAXIM L., O'CONNOR M. (2005), Evaluation, Preservation et Valorisation : Un réseau d'Observation, de Veille et de Recherche en vue d'une Gouvernance Multi-Acteurs de la Biodiversité des Territoires Ile de France (versions française et anglaise), poster (format 'A0' multi-couleur) réalisé pour la conférence Internationale « Biodiversité : science & gouvernance », UNESCO, Paris, 24-28 janvier 2005.

  , Dissemination & Use plan (classed by category of activity), Deliverable D1D2 for the European Commission DG Information Society, Contract n° IST-2000-28121, UVSQ-C3ED (France), January 2004, and in O'CONNOR M., DOUGUET J.M., Technological Implementation Plan, Deliverable D1D3 for the European Commission DG Information Society, Contract n° IST-2000-28121, UVSQ-C3ED (France), April 2004.
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  An automatic configuration, where the server side and the client side are on the same machine. This configuration also adapts itself in the case of a server-side configuration only. o Operating systems : Windows, Linux, (Mac -under development) o système d'exploitation Windows, Linux, (Mac sous réserve) o Pentium IV or better workstation, o A minimum of 512Mo RAM, o A 3D accelerated graphic card with a minimum of 64 Mb video RAM, o 100Mb minimum hard disk space, o A screen with a minimum resolution of 1024x768, o A mouse is indispensable, o Speakers are recommended (internal or external), o Numerous colour documents are available for printing, o Several programs are installed on the computer, whose licenses are free or open source -A client-side configuration only. In this case, the minimum configuration of the client machine should be as follows: o Windows, Linux, or Mac operating systems o Navigator: Internet Explorer version 5 or higher, Netscape or Mozilla (recommended programs but not excluding others), o Pentium III or better workstation, o A minimum of 64Mb RAM, o A 3D accelerated graphic card with a minimum of 64 Mb video RAM, o A screen with a minimum resolution of 1024x768, o A mouse is indispensable, o Speakers are recommended (internal or external), o Numerous colour documents are available for printing, An Internet connection is necessary during the installation. A demonstration version of VIVIANE is online and available at the following address: http://ViViANE.c3ed.uvsq.fr. You can download the product or use it online. In the latter case, keep in mind that this is a demonstration version only: the database can be reset by out technical teams without warning. VIVIANE can be installed either on a single computer, or on a network. o Change the DBHost variables (replace localhost by the DNS name or IP address of your machine). o If you have changed the user ViViANE : DBUser and DBPassword corresponding to the name of the user that was created or modified to access the following databases : MySQL kerindic, kerViViANE, and kerbabel_v3. -Then change the file C:/ViViANE/www/ViViANE1/kerbabelViViANE/_Defines/site.php (there are three series of identical variables, change only the third paragraph): o Change the sqlServer variable (replace localhost by the DNS name or IP address of your machine). o If you have changed the user ViViANE : sqlUser and sqlPassword corresponding to the name of the user that was created or modified to access the following databases MySQL kerindic, kerViViANE, and kerbabel_v3.

Figure 1 :

 1 Figure 1 : Simplified architectural principle
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  >= 5, Netscape >=7, Mozilla (Complex treatment of messages with JAVA applets or servlets) Interface of the « Product »

Figure 2 :

 2 Figure 2 : Screen capture of the "VIVIANE" online interface

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  1.3 -Diagrams of operational management and systems of help for decision-making) of the theme Energy, Environment and Sustainable PEGASE, « Pesticides in European Groundwaters: A Detailed study of Representative Aquifers, and Simulations of Possible Evolution scenarios » financed by the European Commission, and coordinated by the General Direction for the Environment, within the framework of the 5th Research and Development Framework Programme(PCRD), the Energy, Environment and Sustainable Development Programme(EESD), Part A, RTD Priority 1.4.2 : Fighting Diffuse Pollutions. (http://www.c3ed.uvsq.fr/kerpegase/) VALIA, « Socio-Economic VALidation of Agro-Ecological Indicators», Research Contract n°97/C/62, for the interdisciplinary research programme "Environment, Life and Society." (http://www.c3ed.uvsq.fr/c3ed/valia/valia.html) ASPRO, « Appropriation Social Appropriation of the PROblem of durable management of the Beauce aquifer», Research Contract n°99-123 from 08/11/1999 for the Inter-Institutional Research and Study Programmeof the Economy of the Environment (PIREE) of the Ministry of

	Development	of	the	European	Commission's	5th	Framework	Program.
	(http://neptune.c3ed.uvsq.fr/gouverne/ )			
	CRiTiNC « Making sustainability operational: CRITIcal Natural Capital and the implications of
	a	strong	sustainability	criterion »,	European	Project	n°	PL9702076.
	(http://www.c3ed.uvsq.fr/kercritinc/)			
	the	Installation	for		Territory		and	Environment.
	(http://www.c3ed.uvsq.fr/c3ed/Beauce/ASPRO.html)	

  This questionnaire aims to evaluate the farmer's awareness in relation to the risks and impacts of pesticides on the environment and human health:If you possess a storage location for pesticides and fertilizer, could you please describe it? (Choose several): Aerated location, anti-freeze protection, washing possible, locking, fire protection.

		Response	Response	Response	Response	Response	Response	Response	Response
		1	2	3	4	5	6	7	8
	Question 3.1	1	3	5	7	10			
	Question 3.2	1	3	6	10				
	Question 3.3	1	3	6	10				
	Question 3.4	1	3	6	10				
	Question 3.5	1	2	1	1	1	2	2	0
			Response 1 Response 2 Response 3 Response 4	Response 5	
	Question 4.1	2,5	2,5	2,5	2,5			
	Question 4.5a	figure	2	3	5			
	Question 4.6	2,5	2,5	2,5	0	2,5		
	Which types of precautions do you use while manipulating pesticides? (Choose several): Gloves,
	helmet, mask, special suit, no protection.					
	Which types of precautions do you use during the spraying of pesticides? (Choose several): Gloves,
	closed cabin, mask, special suit, no protection.				
	On which elements, according to you, do pesticides have an impact? (Choose several): Plants, Air,
	Water, Soil, Wild animals, Domestic animals, Cultivations.			
	If you have heard of health problems connected to pesticides, what are the characteristics? (Choose

several): Irritation, Sore throat, Headache, Intoxications, Others.

The weightings retained for each of the responses are presented in the following table. These weightings are used for the construction of the Graph (see

Section 6.4)

.

Response 2 Response 3 Response 4 Response 5 Response 6 Response 7

  Choose one): No evolution, substitution of pesticides, modification of crop rotations, not using any chemicals, genetically modified organism development, use of alternative treatment methods (helpful plants…).

	Question 5.1	2	2	2	2	2		
	Question 5.2	2	2	2	2	2		
	Question 5.3	2	2	2	2	2		
	Question 5.4	1	1	1	2	2	2	1
	Question 5.5	2	2	2	2	2		

What are the means, according to you, of maintaining the sustainability of agricultural activity? (choose several) : Communication, territorial development, aiming for globalisation, consumer-farmer alliance, alliance between regulations/the bonus system and citizen attitude, alliance between agriculture/territory/environment, a code of good agricultural practices, a social contract for agriculture What are factors that have a negative impact on agricultural development ?: (choose several) Not enough communication, Lack of clarification in the project for agriculture in Europe, International competition, Evolution of prices, Regulations, Farmers' behaviour, Types of Financing, Others.

The weightings retained for each of the responses are presented in the following table. These weightings are used for the construction of the Graph (see

Section 6.4)

.

Response 1

Response 1 Response 2 Response 3 Response 4 Response 5 Response 6 Response 7 Response 8 Response 8 Question 6.1

  

		1	5	7	10	5	8			
	Question 6.2	1	1	1	1	1	2	1	2	
	Question 6.3	0,5	1,5	1	1	1,5	1	1,5	1	1

Question 1 :

 1 How many Kg of cereals do you consume each week? Enter a number in the appropriate zone Question 2: How many Kg of vegetables and tubers do you eat each week? Enter a number in the appropriate zone Question 3: How many Kg of meat do you eat each week? Enter a number in the appropriate zone Question 4: How many Kg of meat and cheese do you eat each week? Enter a number in the appropriate zone Question 5 : How many Kg of dry vegetables do you eat each week ? Enter a number in the appropriate zone Question 6 : How many Kg of fruits do you eat each week ? Enter a number in the appropriate zone

Multiplication Addition of indicators For sustainable agriculture: SAU Eng Phyt Eau

  

	Crop	m2/Kg	g / Kg	g / Kg	100 l / Kg
	Grains	Land Use 1.629147	Fertiliser 33.2	Pesticide 1.3616	Water 0.96
	Crop Vegetables & Tubers	m2/Kg 0.454095	g / Kg 16	g / Kg 1.36	100 l /Kg 0.08
	Grains Meat	1.481043 33.73901	41.5 1285	1.702 10.26442	1.2 8.813168
	Vegetables & Tubers Milk & Cheese	0.412814 1.954971	20 57.9	1.7 1.308356	0.1 0.986362
	Meat Lentils	37.71651 2.82196	2850 16	0.33114 1.36	32.42 0.08
	Milk & Cheese Fruit	1.763872 1.002095	260 8	0.33692 1.36	1.21 0.16
	Lentils Fruit For organic agriculture:	2.565418 0.910996	20 10	1.7 1.7	0.1 0.2
		SAU	Eng	Phyt	Eau
	Crop	m2/Kg	g / Kg	g / Kg	l00 l / Kg
	Grains	1.703199	41.5	0	0.8
	Vegetables & Tubers	0.474736	20	0	0.1
	Meat	43.37398	2100	0	32.42
	Milk & Cheese	2.028452	240	0	1.21
	Lentils	2.950231	20	0	0.1
	Fruit	1.047645	10	0	0.2
	For integrated agriculture:				
		SAU	Eng	Phyt	Eau
	Crop	m2/Kg	g / Kg	g / Kg	100 l / Kg
	Grains	1.481043	34.58333	1.4467	1.032
	Vegetables & Tubers	0.412814	16.66667	1.445	0.086
	Meat	37.71651	2422.5	0.281469	27.8812
	Milk & Cheese	1.763872	221	0.286382	1.0406
	Lentils	2.565418	16.66667	1.445	0.086
	Fruit	0.910996	8.33333	1.445	0.172

For example, if I consume 3kg of cereals per week, I multiply 3 * 1.481043 to have my impact on land use, 3 * 41.5 to have the pressure exerted by my consumption in terms of fertilizer…

The same principle goes for other types of agriculture: By adding up each line, we can obtain a synthetic indicator of the impact of our mode of consumption on land use, in terms of fertilizer, pesticides and water consumption.

  The following table presents the % of each type of agriculture, and the elements that are represented to visualize the scenario.

	NAME	START LEVEL	END LEVEL
	% intensive agriculture		Depends on the user's choice
	% integrated agriculture % sustainable agriculture	See initial situation	Depends on the user's choice Depends on the user's choice
	% organic agriculture		Depends on the user's choice
	Number of houses	7	7
	Meters of adduction network (pipeline)	0	0
	Water treatment plants	0	1
	Number of research centres	1	1

In addition to ViViANE, three other prototypes have been developed for the European project VIRTUALIS: VGAS, a prototype on greenhouse gas emissions, VWATER, a prototype on water management, and FISHUALIS, a prototype on fisheries. (See http://www.virtualis-eu.com/).

We can cite: (i) the direct impacts of uptakes leading to the decrease of subterranean water tables or to the reduction of volume in rivers; (ii) secondary impacts which are more difficult to measure, such as the disappearance of wetlands (also connected to the installation of drainage systems), the appearance of oxygen deficits in rivers which can lead to the extinction of different plant or animal species, or the gradual increase in salt concentrations of subterranean groundwater close to coastal zones; (iii) environmental problems associated to the construction of dams and the deviation of waterways for irrigation; (iv) the impacts of water use on the agricultural field level cause a greater drainage of nitrates or pesticides and pollution of subterranean groundwater and rivers.

http://dieoff.org/page110.htm

Because this is a new field of scientific design and documentation, these conventions as highly experimental; and we are currently exploring their usefulness. We also note that, given that there is a large mathematical literature that treats the characterisation of cycles and permutations (e.g., in graph theory and matrix algebra), and that many applications exist in fields of engineering and applied mathematics, it is rather likely that analogues of these conventions will readily be found elsewhere (we are looking around...).

O'Connor M., Hue C., Douguet J.-M., Lanceleur P. (2005), "Université Numérique Thématique 'Environnement & Développement': Quelques notions d'organisation", Rapport de recherche du C3ED, KerbabelTM, C3ED, Université de Versailles Saint-Quentin-en-Yvelines, Guyancourt, March 2005.

, and more widely, as a portal of information on sustainable development and environmental governance.14 See O'Connor (2005), op.cit.

The Virtools « Web Player », a simple HTML plug-in, is free of charge (http://www.virtools.com). The high speed internet connections common today (high speed, constant rapid access) allow online access to 3D environments without excessive download time (6MB in the case of VIVIANE). In the future, a 'streaming' functionality for the 3D world would be foreseen: the objects of the virtual environment would load progressively depending on the user's position in real time…
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The three parts of the screen: 3D side: immersive virtual world. To explore the virtual landscape, use the Arrow keys and the Page Up/Page Down keys.

2d side: fill in questionnaires corresponding to your role in the game.

Bottom menu: clicking on the icons here links directly to the corresponding locations in the 3D and 2D windows. Click on the icons to go to the corresponding tool...

Consumer House

There are a number of consumer's homes in the town centre.

Click on the house icon in the bottom Navigation Menu to go to the consumer's house.

Click on the house.

This will open a horizontal menu at the top of the 3d screen:

The menu of the indicators corresponding to the consumer… Click on the "water" button to see the impact the consumer's activity has on water consumption, as indicated by the level of water in the town water tower.

In the 2D side of the programme window, fill in the questionnaire regarding consumption of farm products (personal barometer of the consumer). Clicking on "Validate" will show the corresponding water level in the 3d world.

Research Centre

The scientists at the research centre evaluate the quality of the water and analyse the way the ecosystem works (surface water and aquifer). Also they assess the impact on the environment of behaviour changes by farmers and consumers.

Research Centre

To go to the Scientific Research Centre, click on its icon in the bottom menu.

Click on the scientist in front to open a slide out window that gives you the option to find out more information about environmental research.

Click on the graphic in the slide out window to go inside the research centre, where the information and research regarding the functioning of the ecosystem is stored…

Inside the research centre… you can access scientific information by clicking on the cube.

-Visualization of the Consumer's Personal Barometer

The results of the consumer's Personal Barometer are represented as a histogram (in relation to land use, fertilize use, chemical product use and water consumption). 

-The « Scenario » Projections.

The « Scenario » Projections displays the results of the simulation in a graphical form, created from the VIRTUALIS_Exploitation model (Section 6.4). This option proposes the determination, on the level of the community (combining the 5 agricultural exploitations) of the economic costs and of the evolution in the use of pesticides products needed to attain the scenario chosen by the user in the Scenario Generator (see Section 6.2). It is more precisely a calculation of the variation between the alternative situation (that is the one defined by the user in "Actions"), and the scenario retained (see table above).

Two methods of calculations are proposed: (a) carrying out the calculations under the assumption that all farmers are acting the same as the user. These actions are defined by the user in the "Actions" questionnaire; (b) taking into account, in the calculations, the specificity of actions which the different farmers are ready to accomplish to modify their pesticides practices. The following indicators are retained:

The cumulative economic costs by soil type: This represents the cost of adaptation (or profit, if the figures are negative) of the passage from the initial situation defined by the "Actions" projections (calculation of the variation between the initial situation and the alternative situation) to the scenario chosen. This economic cost is cumulative, that is to say the costs (or the profits) are combined all throughout the period of simulation, for all the exploitations in the community. The economic costs (or profits) are calculated based on the costs of adaptation, such as are calculated in the "Actions" Projections, and the costs of adaptation in order to attain the scenario chosen. In other words, the variation is calculated between the effort that the farmer is willing to provide, and that which is necessary to attain the objectives of the scenario retained through the calculation of the economic cost. These are the changes of practices necessary in order to attain the objectives of the scenario such as those already agreed to in the "Actions Projections."

The cumulated quantity of pesticides product avoided by soil type: In other words, it involves the calculation of the environmental performance, in the sense that we calculate the positive or negative variation of the quantity of pesticides products associated with the passage from the situation defined by the "Actions Projections" (calculation of the projections between the initial situation and the alternative situation), to the selected scenario. The quantity of pesticides products is cumulative, that is, the quantities used throughout the period of simulation are aggregated. The environmental performance is established based on the variation in the quantities of pesticides products used by each agricultural exploitation (quantity used multiplied by the number of applications and the toxicity) between each of the two situations. It is therefore possible to calculate the environmental performance, in terms of reduction of the use of pesticides products, to attain the objectives of scenarios such as those already agreed upon in the "Actions Projections." For more in depth information regarding each type of agriculture please refer to II.5.5. Default values exist: 40% integrated agriculture, 30% organic agriculture and 30% sustainable agriculture for Scenario 3, and for Scenario 5, 30% integrated agriculture, 30% organic agriculture and 40% sustainable agriculture.

DISTRIBUTION OF AGRICULTURE BY SCENARIO Current practices

Alternative Agricultures

Integrated

For more in depth information regarding each type of agriculture, please refer to II.5.5.

CHAPTER 7

The Multi-Actor Game 1 1 1 2 2 2 3 3 3 9 9 9 7 7 7 8 8 8 1 1 12 2 2 From ! ! !? ? ?! ! ! ? ? ?H H HE E EL L L P P P? ? ? From Link not emphasised Contextual HELP HOME = the point of arrival from the 'outside' which introduces the purposes, structure and navigation possibilities of the KerViViANE system; KerViViANE 3-D Virtual World = the composite space that, as a landscape with active objects, allows navigation to and from the various functionalities and that, as a function of choices made by users, manifests a range of scenario features. PERSONAL BAROMETER = the principal 'Personal Barometer' of the KerViViANE system, which establishes a personalised profile of farming activity on the basis of data inputs to a questionnaire offered to a user; FUTURES = the 'Scenario Generator', which organises the presentation and exploration of a spectrum of possibilities for the evolution of farming practices, land use and water quality at the scales of the commune (county) and wider territory; CUBE (DELIBERATION MATRIX) = the KerViViANE 'Multi-Actor Game' offering the opportunity to engage in a multi-stakeholder multi-criteria evaluation of scenarios, introducing the user (or several users simultaneously) to the challenges of governance and conflict resolution; IDBOX = the prototype (Version 2.0) KerBabel Indicator Dialogue Box for the KerViViANE system; DOCU (KerBabel Gardens) = linkages to 'Virtual Library' components that present documentation of the virtual and real worlds (including pedagogic materials about the real and virtual worlds).

Three menus are proposed to navigate within KERBABEL:

In the green band, the following options are proposed: "Home" (homepage explaining the purpose of KERBABEL), "Login" (for the login to KERBABEL, as the access to certain documents is restricted), "Directory" (a repertoire of the physical and moral persons part of and in relation to the C3ED), "Garden" (List of gardens existing within KERBABEL), "Area" (List of areas existing within KERBABEL), "Reference" (List of documents, websites… existing within KERBABEL), "Search" (search engine GOOGLE), "Tools" (access to programs of other plug-ins). In the darker yellow band, a navigation path is proposed to move from References to Areas and Gardens. In the lighter yellow band, classifications and filters are available, as well as access to different pages presenting the references of the "The Gardens of ViViANE" Area.

Note that, despite their name, « The Gardens of ViViANE » are technically an area within the garden "DICTUM. "

From left to right on the main screen (white area of the image above), different options are presented:

« A » to access the selected reference ; « I » to consult a detailed abstract of the document;

The reference of the document;

The title of the document;

The version of the document ;

The language of the document;

The format of the document (website, downloadable document…).

-Links to online educational supports

The Forest of Brocéliande : http://broceliande.c3ed.uvsq.fr/ Within the Department of Economic Sciences and Management (DSEM) at the UVSQ, a computerized structure has been developed to make educational resources available "online," that is, accessible from the Internet. This is the Forest of Brocéliande, which organizes the teaching supports destined for the masters' level programmes.

The "Forest" is organized in a hierarchical manner, divided into thematic modules or "woods" which, in turn, are composed of trees, branches, and fruits. This "fractal" structure ensures a readability of the whole as well as an ease of exploration for the organization of courses.

In the first phase (2002/2004) During 2005, the development of pedagogic resources takes on a new strategic importance with the integration of the Brocéliande library functionality within the French national programme for an "Electronic Campus" (Université Numérique Thématique) on the theme of Environment and Development. http://Kerpegase.c3ed.uvsq.fr/ This website offers a detailed presentation of the socio-economic processes of data collection and the construction of scenarios retained in the European project PEGASE. This website is meant to be educational in content and in an interactive manner. The opportunity is offered to discover the methodology that was retained for socio-economic analysis within the framework of PEGASE, analysis of case-studies (Montreuilsur-Epte (France), Juelich (Germany) and Martigny (Switzerland), as well as access to an animation of the computerized tool developed, (PEG@SE).

http://www.Virtualis-eu.com/ This website of the European project ViRTU@LiS, coordinated by M. O'Connor (UMR C3ED n°063 IRD-UVSQ), allows access to the procedures involved, as well as to interactive tools available via the internet. The studied domains are water management, agriculture, greenhouse gasses, and fishing. A presentation of the of evaluation procedures of the programs is also available. 

-How to use ViViANE in schools?

The use of ViViANE in schools requires consideration on different levels. One level involves the procedures by which decisions might be taken to include the use of the material as part of normal classroom teaching -these are the concerns of the curriculum. At a second level, is the actual use of the ViViANE material with school children -these are the concerns of teaching.

The principles which underlie using ViViANE in schools more generally will relate to the issues which are the concern of the curriculum with the various school systems in the countries of Europe (and possibly further a field). These issues are most likely to cover some of the following, What is the philosophy and rational for the overall curriculum design?

What is the balance of subject or content areas within the current curriculum structure? What opportunities exist for the trial and experimentation of new material? What permission there is for teachers in the classroom to use teaching material at a local level and therefore out with the nationally agreed curriculum? What concerns (including support) of parents may need to be taken into account regarding the introduction of ViViANE in the classroom?

In addition to these important determining forces which influence the arrangements for education, there is the extent to which environmental concerns and governance are seen as sufficiently relevant and important to be actively promoted as a "new" curriculum area. The commitment to this area of our daily lives is largely of a high priority and the need to change rhetoric to action is widely and highly regarded. The principles which are more concerned with using the ViViANE as teaching material will relate to how it might be used by teachers and pupils. The issues are likely to include, How much training of teachers will be required in order for them to be able to use ViViANE? How much will it cost to provide the appropriate learning resources to use ViViANE in the classroom? What alterations or variation might be required to enable the material to be used appropriately by children across a wide age range? How can the ViViANE material be integrated with existing teaching material to promote its relevance as a classroom activity? How does the structure of the material match the teaching approaches currently in use in classrooms? What support will there be for teachers or pupils who have questions to ask concerning the information given in ViViANE or the issues which are addressed?

The resolution of some of the questions in these two sets of issues might be addressed by discussions at different levels. This will depend on national and governmental structures in the nations where ViViANE might be used. Where the curriculum is decided and administered at a central rather than a local level, the processes for change are likely to be more cumbersome and implemented more slowly. There might be an advantage from this, however, in that the use of the ViViANE material could become integrated into a wider range of schools, perhaps at national level. If some of these decisions can be taken locally, individual schools or teachers might be able use ViViANE immediately and therefore their pupils would be able benefit from using the material earlier though the effect may be less widespread. Some of the questions relating to teaching can be addressed immediately; for example, the use of ViViANE with children across a wide range of ages. The language and the concepts are probably more appropriate for children in their early teen years and above, rather than those who are younger. The amount of ground covered in the material is probably appropriate to it being used over several sessions rather than a single session. This is particularly so when the issues addressed might be the subject of discussion and decision making by groups of children. The learning opportunities associated with the concerns of environmental governance need to be extended beyond the use of the ViViANE material and these would be the responsibility of the teachers as well as of the children.

Strengths and limitations

+ Identifies both quantitative and qualitative uncertainty in quantitative information and enables them to be displayed in a standardised and self-explanatory way + Promotes criticism by clients and users of all sorts, expert and lay and will thereby support extended peer review processes + It is flexible in its use and can be used on different levels of comprehensiveness: from a 'back of the envelope' sketch based on self elicitation to a comprehensive and sophisticated procedure involving structured informed in-depth group discussions on a parameter by parameter format -The scoring of pedigree criteria is to a large extended based on subjective judgements, outcomes may be sensitive to the selection of experts involved in the scoring.

-It is hard to apply the method to complex models with large numbers of parameters. 

Technical

-Installation for a single user

Once you have downloaded the product, decompress it in any directory and launch setup.exe. A VIVIANE directory will be created in the root folder of the C disk; and a shortcut icon will be created for the desktop. Launch the application by double clicking on this icon. The first time you use the application, some elements will need to be installed:

The JVM 1.4.04 from SUN ,(Java) if you do not have it already, Files useful for the simulation (copied only if the JVM works) The Virtools plug-in for the 3D part.

Click on the link in the Flash presentation to launch the 3D world. A popup window will show the progression of the installation. If no window opens, verify that you don't have popup-blocker turned on in your browser, or reload the page by pressing "CTRL" at the same time (for Internet Explorer). Wait for the installations to finish before using VIVIANE. Sometimes, the easyPHP engine (Apache web server, MySQL database administration, and the PHP extension) doesn't launch at once. In this case, double click again on the VIVIANE icon on the desktop to relaunch the engine. The web server that is installed on your machine is independent, but if you already have a server running, turn it off before starting VIVIANE, or change the configuration of the servers so they don't use the same ports (80 by default).

The Apache configuration is accessible from the E icon in the taskbar : Afterwards, follow the instructions in the Flash slideshow, available either in French or English.

-Installation for network use

Follow the procedure as described in 2.2 for the machine that will serve as a server. Afterwards, configure the two following variables :

- This architecture offers two major advantages for the future of the product: It adopts the modular principle which allows the interchangeability of elements, as each layer corresponds to certain standards, It works in an autonomous manner on a single machine, a client-server mode, or over a network. This flexibility offers a large possibility for evolution and can offer a platform that can support any quantity of data.

-Administration of the database

Right-click on the EasyPHP icon on the lower right corner of the taskbar and select « Administration » then « BDD Management ». The two databases are the following: kerindic and kerViViANE.

-Languages of navigation

The core of the programming for communication between the 2D and 3D sections was done in Javascript and should be compatible with all browsers currently available. However, the "simulation" section in the Scenario Generator currently works only works under Windows (DLL). Thus, today, only the browser Internet Explorer is able to provide all the functionalities of VIVIANE. In the current state of the prototype, the interface for Internet Explorer has been tested the most frequently. Certain bugs or problems in the programme can persist with browsers such as Mozilla or Netscape, for example.

-Programming languages

VIVIANE was written in PHP for the server component. The chosen interface is an Internet browser. HTML and Javascript are the languages used for the client side.

-Help

The help system can be accessed contextually whenever the small question mark icon appears .

The "Help" tab also allows searching all of the help section using the VIVIANE internal search engine, which indexes all of the help pages and the Indicator Dialogue Box.

For all technical comments, please contact us at the following address: kerbabel@c3ed.uvsq.fr.