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Introduction
What could help us improve freshwater management? 

Recommendations are numerous. The ones that we, members of the European funded research project 'Virtualis'
 have focused on are the need for: 

a) more participation from a variety of stakeholders and 

b) a better understanding of the impacts that various practices can have on the environment

Although these two points are repeatedly made, tools now need to be provided if we are to put them into real practice.  In order to tackle this challenge, our premise has been that change in practices and policies constitutes the outcome of a learning process, a process that would benefit from involving a variety of stakeholders, be they experts, scientists, or not. We investigated how Information and Communication Technologies (ICTs) could constitute such an empowering and non-exclusive learning platform, as well as how users could improve their understanding of water issues and impacts by using these ICTs. The facilities provided and usable in IT in order to do so have been integrated in four prototypes, presented in this paper:

· the Virtual Visits constitute interactive digital environments within which the learning may take place; and 

· the Personal Barometer allows the quantification of environmental impacts of individual lifestyles; 

· the Scenario Generator explores alternative possibilities for social and economic changes towards sustainability

· the Multi-player Games allow individuals to learn about problems of governance and resource access. 

Taking the examples of the Virtualis prototypes focused on water and agriculture, this paper aims at demonstrating the human side of technologies and its potential for 'democratising' science, technologies and environmental decision-making.

In a first part, we explain to what extent we feel our initiative is responding to a current important need (felt both in the policy and the environmental education arenas). In the second part, we articulate how these needs are being met in the prototypes our project developed. 

1. The context: identifying the needs

I would like to start by articulating why institutions such as the European Union seem currently keen to fund such research. Three main areas of the context within which we have been working need to be emphasised:

1) In recent decades, special emphasis has been put on understanding the implications of 'putting sustainability into practice'. The community of environmentalists, amongst others, felt that it was time to operationalise what had been preached for already too long. Targets were identified - but then criticised for being economically or politically 'achievable targets', rather than real sustainable ones. Environmental performance indicators were formulated - but the question of how to evaluate and measure 'environmental performance' initiated much controversy. Integrated approaches were encouraged, but professionals at stake carried on working in separate institutions and within isolated disciplinary approaches. Creating a practical transition to sustainability that would project the emergent paradigm shift that had been the subject of so many environmental debates proved (and still does) to be a very difficult task. One that institutions such as the EU are keen to promote and fund: the absolute priority is to back up any research on sustainability that is policy-orientated - preferably, research projects that will help formulate 'sustainability policy tools'.

2) Two important questions emerged out of the initial outcomes of such research initiatives:

a) What do we need to know in order to operationalise sustainability -i.e. what type of knowledge and information do we need to focus on as a priority? and   

b) Who actually does 'operationalise sustainability'?

The raising of these questions coincided with (if not initiated) a new focus on the social dimensions of sustainability as well as the scale at which sustainability was to be operationalised. Suddenly, after an era of big international conferences and official agreements on the importance of environmental issues, the local level was perceived as key to a transition to sustainability: not only practical changes have to start somewhere before they get bigger, but also stakeholders know their environment and can help more experts (but less hands-on) actors in grasping better what managing natural resources in a sustainable way really means. The focus on the social dimension of sustainability therefore put a new light on the meaning of 'environmental expertise' and opened the door to new stakeholders whose voice had been ignored for long. The notion of participation was therefore introduced but its advocates were quickly confronted to an obvious obstacle: the difficulty in creating institutions that promote participation in societies whose political and administrative structures tend to divide rather than unite.


3) The challenge quickly became to generate 'participatory policy tools, methodologies and structures' that would help operationalise sustainability while involving a variety of stakeholders.  And then of course, the question of what exactly constitutes a 'policy towards sustainability' had to be asked. If regulations and incentives imposed 'from above' can influence practices in certain ways, can this influence be sustained, especially in a climate where people do not trust nor want to comply to top-down beliefs, assertions and even less obligations and constraints? If people change their behaviour, it will be mainly because they want to, they understand why they need to and they do care enough for getting involved in order to do so. Such changes can naturally result from learning processes and may be it is time to integrate these more closely within what is generally considered as the 'policy-making arena'.

These three characteristics, that I perceive as being important in the current environmental context, lead us to focus on ICTs as learning and participatory policy platforms, as well as water as an issue and problem centred approach.

ICT as a bridge between water stakeholders

In the first research paper of the project
, we reviewed an astonishing range of initiatives taken in the area of 'ICTs, citizens and the environment', in view of learning lessons from them when developing our prototypes. 

We realised that Information and Communication Technologies (as opposed to Information Technologies only) are opening possibilities for environmental participatory processes for a variety of rather exciting and novel reasons. While many new technologies related to computers are controlled by experts and IT consultants
, ICTs open up to a variety of stakeholders, are user friendly and allow learning exchanges to happen amongst stakeholders. Beside, they allow these learning, communication, deliberation processes to happen while other (more traditional and difficult to change) institutions cannot or wouldn't constitute such a platform to such a variety of stakeholders
. Interestingly, while new ICTs are being developed in order to respond to the need for environmental participatory platforms, older ones are being currently adapted in order to 'open up' to more participants
.

From our review, we concluded that, at the very least, ICTs can be used to:

1. encourage and enable networking - itself allowing better exchanges of information and also campaigning

2. build capacity - by training people to allow them to take position and use the tools available in the information and communication society

3. give minorities a voice - by by-passing institutions that, for political, administrative or traditional reasons, would not allow certain groups of the population to express themselves

4. improve participatory environmental management and monitoring on certain issues (such as urban monitoring, for instance) and using certain ICTs (PPGIS, for instance)

5. change people's attitudes and lifestyles - by explaining the impacts our actions have on the environment and by providing alternative options

6. defend democratic principles - by promoting e-democracy and allowing conflict resolution or negotiation techniques to take place between a variety of stakeholders possibly from different places in the world.

The review of various ICTs initiatives contributed to improving our understanding of participatory techniques as well as our ways of operationalising them. 

Participatory techniques are effectively reviving principles such as human rights, social justice and empowerment. People are no longer viewed as mere users and choosers of policies and technologies: they become active makers and shapers of the realities that affect their lives. This is why promoting open participatory enabling ICTs is important, especially in places like developing countries. This is also why we, as researchers, need to contribute to promoting the use of such democratic platforms and closing the digital divide to hence increase access to such platforms.

What we then tried to do was to concentrate on water issues and highlight why such participatory ICTs would be particularly well adapted to the new demands in water management. 

Water management, social learning and change

Water has become a very popular issue to work on in relatively recent years and it has gained recognition amongst environmentalists, as being at least as important as themes on which they seem to be, so far, more used to work - such as climate change and biodiversity loss.  Indeed, these themes are very closely related. In fact, water is everywhere, needed to produce everything, needed for our survival and that of ecosystems, needed for its spiritual value…

At the World Summit on Sustainable Development, last August (2002), in Johannesburg, a full conference was organised on water, at the Water Dome, in parallel with the WSSD. The issues addressed were truly interdisciplinary as well as related to both local and global levels. The most important conclusions stressed that:

· We need to find ways to manage water resources in an integrated way and this implies that we need to:

· try to understand / think about water issues in a more holistic, interdisciplinary  way

· involve more stakeholders in the decision and policy-making processes - and hence find ways of allowing communication between a variety of stakeholders to take place.

· Develop integrative policy tools

· We need to respect regional, cultural, economic and ecosystemic differences in terms of needs and modes of management. Instead of seeking a universal integrated water management methodology, we need to explore various case studies,  learn from them, and exchange knowledge on best practices in view of adapting them to different contexts. 

· We need to promote change and improvement quickly, in view of responding to the water crisis; now is really time for action.

Even though, in theory, there are different ways of moving into 'action gear', the practicality of it seems full of obstacles. These are often institutional - that numerous types of stakeholders, from different professional backgrounds and disciplines, work on water is no news and neither is the fact that they often don't have the institutional means to actually work together. The obstacles are even more often 'paradigmic': it takes a while to think differently about a natural resource, to not fall in sectoral policies traps, and to think both in terms of environmental repair (of pollution or habitat destruction, for instance) and prevention (of water conflicts for instance) in the context of water resources management. 

In responses to these two types of obstacles, there seems to be two types of efforts on which we, researchers need to concentrate:

· One is to develop some 'action tools' that help a variety of stakeholders in analysing a water problem and in developing initiatives to improve the situation

· The other results from bearing in mind that people and societies change the way in which they live (and manage their resources) as a result of learning processes, of caring and of feeling empowered. 

It is interesting to notice that 'water education', 'networks of knowledge on water', 'short courses on water conflict resolution and prevention'… are all flourishing. This is not new. In 1999, a full symposium had been organised by the European Commission on 'the learning society and the water environment', during which the facilitation of exchange of knowledge; networking as an efficient vehicle for the learning society, closing the gap between science and the interpretation and integration of science in policy-making; the promotion of creativity, flexibility, adaptability, autonomous distance learning; the increase of synergies between formal and informal sectors; the need to relate better to the general public and learning how to analyse and solve problems on a long term basis, were advocated(EC, 1999).

In the context of water, this type of 'education' seems to progressively be shifting towards a type of environmental education that is more practical, more collaborative, more networked than the one we have been developing so far, in universities for instance. Not only 'educational methods' have the potential to be reformed when the subject focused on is water but also their objectives are slightly 'refreshed'. The era during which environmental education was 'merely' (even though it was not an easy task!) trying to generate better environmental awareness in a way has to be gone; we have a duty to ensure that learners are also equipped to know how to act and to contribute to addressing the water crisis.

In order to response to this need, the Virtualis research team decided to concentrate on developing 'alternative' learning tools, using the various empowering, social learning
, integrated representations of analysis, etc. characteristics of Information and Communication Technologies. It is on these tools that the next section concentrates.

2. Some practical responses: what do the Virtualis prototypes do?

As O'Connor et al (2001) stress, the challenge of ICTs for sustainability goes well beyond better scientific databases or the informing of citizens about environmental problems and their places in causes and solutions. The question is paused of the prospects to develop the new ICTs as authentic components in civil society, for learning and deliberative procedures for decision-support, policy definition and evaluation, in such a way that might encourage people to work together and build 'common futures' rather than accept to live each exclusively in their own format of reality. 

       So, hypermedia can enable social learning: not only it can help people learn (i.e. increase their knowledge and understanding by actively adjusting their views of the real world) and also learn from each other but also the control of learning has moved from the computers to the learners. The technology no longer determines the route which the learner will take: rather, the learner determines what the technology will deliver. The challenge we faced when constructing the virtualis prototypes was therefore to contribute to providing a tool for social learning and change and hence empower the users, allow them to learn from each other and deliberate while being motivated to use the prototypes - because it's interesting, fun, easy to use, etc. 

Here, I have selected the four types of prototypes developed in virtualis - two in the 'water domain' and two in the 'agriculture domain' (related to water pollution by pesticides). The first ones were developed by the Cranfield Virtualis team, based at the school of water sciences at Cranfield university. The second ones were developed by the French team, based at the Centre d'Economie et d'Ethique pour l'Environnement et le Developpement, 'C3ED' (Centre of Economics and Ethics for the environment and development), in St Quentin en Yvelines. Both types of prototypes are aimed at supporting Article 14 of the European Water Framework Directive in which the issue of public information and consultation is detailed. The success of the directive relies upon closer co-operation and coherent action at community, member states and local level as well as on information, consultation and involvement of the public. 

Virtual Reality and Personal Barometer prototypes in the water domain

The Cranfield team developed four prototypes (Virtual Reality, Personal Barometer, Scenario Generator and Multi-player Game) in response to the need felt by UK Environment Agencies for a tool that would help respect the WFD's requirements in terms of consultation and participation of the users. Cranfield therefore worked closely with the EA (as potential future users) while designing the prototypes and the EA aims at incorporating the uses of the prototypes in their Catchment Abstraction Management Schemes (CAMS). Most of the prototypes developed are usable by all sorts of stakeholders for different purposes; they can be implemented on Windows 2000 / XP and are distributed with installation packages on CDs
.

In this section, I will focus on the Virtual Reality and Personal Barometer prototypes for the water domain (the other types of prototypes will be examined in more detail in the agricultural domain later in the paper). 

The Virtual Reality (VV) water prototype

The VV prototype focuses on the River Great Ouse in Eastern England. Although the EA is keen to use it in the context of its CAMS, the VV prototype is also designed for school pupils and adults to support learning about catchment
 management issues. Thus, the VV is a learning tool and an information resource that focuses on the processes, infrastructure, policies and environmental issues involved in catchment management that aims at operationalising economic, environmental and social sustainability. 

Applications provide a fly though of the catchment and a number of information stations where users can explore water resources, ecological / environmental and land use issues. As McIntosh et al. (2002) explain, "The overall tour will provide an introduction to the concepts of water resource management in general and the specific features, history and issues of the study catchment through animated digital maps in combination with audio, images and text where appropriate. At each station, multimedia content focusing on water themes, topics, and more specific issues, will be accessible by the user. This will take the form of video, onscreen text, audio text, still images and animations." The linking of issues and stations is done through the construction of various 'learning narratives'.

Table 1: Themes, topics and issues covered in the VV (a sample of -)

	Themes
	Topics (and issues)

	Water resources
	Surface water (e.g. surface water body characteristics and implications for resource availability) and groundwater (e.g. sources of groundwater, aquifers recharge…)

	Human water resources
	Characteristics of each use (e.g. distribution methods, volumes used and discharged…), comparing different uses (e.g. social, environmental and economic value of uses (environmental impacts, purposes…)

	Ecology and environment
	Aquatic biota and habitats (e.g. animal and plant populations…), terrestrial biota and habitats

	Management of water resources
	Abstraction and discharge licensing (e.g. effects in river flows…), structure (e.g. river assessment points…)


The VV is a narrative driven tool which provides the users with the freedom to construct their own learning experience; they can follow a linear or a branched learning path. The main advantage of using VV in the context of water issues is to have a holistic view of a water catchment and to start understanding how various issues are related in this context and how human activities impact on them.

The use of VV is particularly useful to contribute to improving people's awareness of environmental issues at a different 'level' than the one they live their everyday life in; VV can be used to show environmental problems in different countries, or the impact our activities can have in other places
.

The Personal Barometer (PB) water prototype

The PB is designed to be used by members of the public with no specialist training on water issues. Its general objective is to encourage people to reflect on their behaviour and investigate the impact of their own water consumption. This impact is calculated through a 'water shadow', defined as "the area (in m2 per person) required to supply the water needed to fulfil a given level of water consumption under the annual rainfall of a specified region" (McIntosh et al, 2002). When using the PB, the user can also have this water shadow translated into a water shadow in another region or country for comparison purpose. 

The PB investigates nine 'water domains': (1) information about the physical characteristics of water, (2) facts and trends about water around the world, (3) the water cycle, (4) domestic water uses, (5) how to save water, (6) calculation of water shadows, (7) different tasks to reduce water consumption, (8) self audit, and (9) future technological options to manage our water better.

The PB, distributed for implementation on Windows 2000/XP on a CD ROM, is extremely user friendly. The main programme is presented as a series of windows into which the user enter information about their water consumption. Experiments are allowed: in other words, the user can change inputted figures and explore various ways of using water and various environmental impacts generated as a consequence.

The PB was used in the context of the 'Home project' run by another Virtualis partner (University College London - UCL
) which investigates how people could lower their environmental impacts. Users of the prototypes were asked to perform a certain number of tasks to save water and the impact of these (their 'water shadow') was  evaluated. 

The advantage of using a PB is that people see how they, on an individual basis, have an environmental (potentially negative) impact and can modify their impact.

The Merlin suite of prototypes in the agricultural domain

A 'suite' of integrated prototypes was created by the French C3ED team in the agricultural domain in view of addressing the evolution of agricultural practices and of the degradation of water quality at different geographical scales. At the time when the prototypes were developed, an alarming situation had risen within which:

1. The excessive and inappropriate use of pesticides in agriculture were threatening human and ecosystems' health;

2.  European norms - for water quality, in particular - were not respected;

3. A new social phenomenon, the arrival of 'rurban' people (urban people who chose to come and live in the countryside), upset the social 'order' in place: social status were diversified in the rural community, the competition for accessing clean water increased, and a re-organisation of modes of governance was needed.

The MERLIN suite addressed all of these issues through an ICT platform used as a 'facilitator of deliberations'. These deliberations were articulated around a variety of scenarios, presented in the prototype as alternatives to current practices and potential ways of redressing the situation. MERLIN therefore allows various scenarios to be  explored and discussed in view of attempting to define how practices could become more sustainable. The first scenario is radical and reflects the crisis generated by intensive agricultural practices in Europe: it focuses on giving up agricultural activities. The second scenario suggests to stop using the water table that is heavily contaminated. The third scenario explores possibilities of decontamination of the water. The fourth scenario examines solutions offered by a 'reasoned agriculture' characterised by its capacity to reduce its environmental pressures. The fifth scenario concentrates on a better 'institutional coherence', aimed at combining the expectations of a variety of stakeholders.   

The exploration of the scenarios shows the ambiguity and complexity of the choices to be made. The general objective of the prototypes is to allow the user to visualise and explore the impacts of water uses in a region and also to explore the changes in lifestyle and activities that are necessary to protect the environment. Through the use of the four types of prototypes, this exploration refers to different scales (impacts of individual lifestyles/ activities and implications at a broader socio-economic scale).

The 'profile' of the user in agricultural practice is evaluated through the personal barometer and then combined with other users' profiles to identify the profile of the group of farmers and confront this to the variety of scenarios suggested above. The scenario generator  explores, at the level of the commune, which alternative to the current situation could be chosen to improve it.

Two main questions are used to articulate the generation of scenarios:

1. For a given agricultural practice, what would the cost of maintaining a good water quality be and what would be the compensation to give the farmers to ensure the maintenance of this quality?

2. For a given norm of water quality, which agricultural practice would ensure a minimisation of the maintenance cost while maintaining the economic viability of agricultural practices?

The generation of scenarios at the regional level in MERLIN takes account of these questions while focusing on alternatives that will help improve the environmental performance of agricultural practices.

The multi-player game, fourth type of prototype developed in Virtualis, is of crucial importance in the MERLIN suite. This is because the transition towards more sustainable policies and practices requires some processes of 'arbitration' between conflicting interests and multiple criteria for using water, managing the land, the integrity of ecosystems, etc. The multi-player game is therefore designed as a facilitated deliberation process amongst a variety of stakeholders within which the adoptions of various scenarios are discussed.  

The deliberation refers to the combined evaluation of the environmental, economic and social performance of each potential scenario to be chosen. The evaluation is carried out by the users of the prototypes and represented visually using different colours (green being satisfactory). This makes the visualisation of the different governance challenges that oppose stakeholders possible. The evaluation is done through iterative processes; after each phase of evaluation, a deliberation is carried out to discuss how the 'greening' of the alternative practices is possible. The discussion might lead to stakeholders changing their mind and wanting to evaluate the various scenarios differently. The objective is to examine all the dimensions of each scenario in an interdisciplinary, open, way, in view of democratically reaching a decision / preference for a scenario that is satisfactory from different perspectives all together.

Social learning is therefore taking place, in this type of learning environment, through the facilitated deliberation and with the help of the information on each scenario provided in the prototype. It is a mixture of scientific information, modelisation and subjective judgements and listening to each stakeholder's perspective that leads to a more realistic collective learning process that can generate a practical change in agricultural practices.  

Conclusion

In this paper, I discussed why and how we can concentrate on social learning, facilitated by the use of information and communication technologies, to generate a change in water management practices. 

I started by examining what seems to be most urgently needed in research on water and concluded that, 

1. policy-orientated tools are needed to help move towards sustainable practices

2. allowing both experts and non-experts to express and share their knowledge on water issues and water management practices  is important

3. creating platforms that allow a variety of stakeholders to communicate, deliberate and learn from each other can have a deep effect on generating actual changes of practices - hence the close link between social learning and practical changes.

I then explained to what extent Information and Communication Technologies can  help us in addressing these needs and how ICTs can help people approach water issues differently, leading to a more 'holistic' understanding of water issues as well as ideas on how to develop integrated 'water actions'.

It is what the ICT prototypes developed in the virtualis project is attempting to do. The paper shows which type of social learning is taking place through different types of ICT tools and which kind of changes in actions their uses can lead to.

 The main conclusion is that we need to think of social learning on water issues as going beyond educational systems and of practical changes in water management systems as going beyond the 'policy-making arena'. Both can merge through alternative learning and participatory policy platforms that can be created by using the democratic and human side of Information and Communication Technologies.

References

Berkhout, F. and Hertin, J. (2001) Impacts of information and communication technologies on environmental sustainability: speculations and evidence. Report to the OECD.

Calder, I.R. (1999) The Blue Revolution. Land use and integrated water resources management. Earthscan London.

Camara, A. et al (1993) Multimedia system dynamic models for environmental education. In E. Kerchoffs (ed) Proceedings of the European Simulation Symposium, 277-80. Delf.

Carver, S. (2001) Participation and Geographical information: a position paper. Paper presented at the ESF-NSF Workshop on Access to Geographical Information and Participatory Approaches using GIS, Spoleto, Dec. 2001.
Daniels, S.E. and Walker, G.B. (1996) Collaborative learning: improving public deliberation in ecosystem-based management, Environmental impact assessment review, 16:71-102

Douguet, J-M. et al (2002) Conception et structure du logiciel MERLIN pour le domaine agriculture du projet Virtualis - IST 2000 - 28121 

European Commission (1999) The learning society and the water environment. Symposium proceedings, Paris, 2-4 June 1999. Office for Official publications of the European Communities, Luxembourg.

Gallopin, G.C. and Rijsberman, F. (2000) Three global water scenarios, International Journal of Water, Vol.1, N.1: 16-40
Guimaraes Pereira, A and O'Connor, M. (1999) ICT and the popular appropriation of sustainability problems. International journal of sustainable development, Vol. 2. Number 3: 411-424

McIntosh, B. et al (2002) Water Resources Domain, 1st year report. Virtualis project, IST 2000-28121.

O'Connor, M., Thompson, M. and Pereira, A. (2001) ICT, the internet, and prospects for deliberative environmental governance. Item 1.46.5.12 in the Encyclopaedia of Life Support Systems (EOLSS).

Thiessen, E. and D.P. Loucks (1992) Computer assisted negotiation of multi-objective water resources conflicts, Water Resources Bulletin 28(1): 163-177.

UN World Water Development Report (2003) Water for people, water for life, World Water Assessment Programme, Executive Summary. UNESCO, Division of Water Sciences, Paris.

Weiner, D. et al (2001) Community participation and geographical information systems, paper prepared for the ESF-NSF Workshop on Access to Geographical Information and Participatory Approaches using GIS, Spoleto, Dec. 2001.
Yigitcanlar, T and Okabe, a. (2002) Building online participatory systems: towards community based interactive decision support systems. Working paper series at the United Nations University, Institute of advanced studies, Tokyo, Japan.
A few useful urls 

(The) future of information technology in participatory environmental management: Project organised by Resources for the Future. http://www.rff.org/proj_summaries/99files/davies_Electronic_Environment.htm
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ICTS for sustainable development:  http://www.undp.org/info21/index5.html
ICTs Could Make You More Aware of Your Village
Media Lab Asia and Ravi Gupta collaborated to produce open-source GIS software.
http://www.linuxjournal.com/article.php?sid=6165
Intermediate Technology Development Group http://www.itdg.org/

Sustainable development Communications network

http://www.sdcn.org/activities.htm
Water management and ICTs: web resources 

http://ictupdate.cta.int/index.php/link/category/33/
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� The ViRTU@LiS project (Social Learning on EnVIRonmental Issues with the InTinteractive Information and CommUnicAtion TechnoLogIeS) brings together a consortium of specialists in IT, sustainable development, environmental modelling,  governance, learning psychology and open learning.


� Simon, S. and Fisher, J. (2003) ICTs, citizens and the environment. Working package WP1C, Virtualis, IST European Programme, IST 2000-28121.


� - including in the area of environmental information. Thus, for instance, although GIS (Geographical Information Systems) proved to be useful in environmental management, it has also often been criticised as being an elitist technology that actually works against participation: GIS and spatial data are expensive and require high levels of training for competent use.


� A new 'branch of economics', called 'institutional economics', has been focusing on reforms needed in current institutions and focused on their rigidity and the difficulties in reforming them.


� Thus, recently, there has been a blossoming of interest in Public Participatory GIS; PPGIS  comes from a merging of the re-evaluation of the social implications of GIS and existing lines of research into public participation and decision-making. The data inputted is PPGIS is both generated by local knowledge and expert information, making PPGIS a platform for integrating qualitative and quantitative information, data, rapidly merging with the internet.





� Social learning is an approach and a philosophy which focuses on participatory processes of social change. It encompasses a positive belief in the potential for social transformation based on:


Critical self reflection; the development of participatory multi layered democratic processes; the reflexive capabilities of human individuals and societies and the capacity for social movements to change political and economic frameworks for the better. 





� Part of the objective of the Virtualis project is to subsidise the provision of such prototypes in places like libraries, for instance.


� Catchment: The land area from which all rainfall eventually flows into a specified river.





� For instance in the context of virtual water - water that is 'hidden' in that it is used in the production of agricultural and industrial products. "Whereas farmers use water directly for irrigating their fields, consumers of food use this water indirectly. International trade in virtual water takes place in the form of international trade in water intensive products". (Hoekstra, 1998: 354)


� http://www.earthcenter.org.uk/ucl





