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Abstract. Drawing on the authors’ involvement in a European Union Erasmus project, this paper explores a new holistic approach to climate change education which uses as a source of active/social learning and knowledge construction the diversity of different disciplinary and sectoral approaches. We further argue for a corresponding pedagogy based on developing transboundary competences where the communicative engagement across space and time, and between diverse perspectives and standpoints, is ICT-enabled. Meeting these challenges is a normative goal, not only for this expanded interdisciplinary approach to climate change education, but also for a global resolution of the climate change issue itself. 
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1   Introduction

Climate Change is strongly contested, and not only in well-publicized debates between most climate scientists who contend that anthropogenic activity is causing global warming and the skeptical minority. It occurs within the former group over the extent and rate of change, and its ecological and socio-economic impacts. 

Contestation tends to take place within disciplines – for example, within climate science and within economics. In the world of policy and action, however, contestation also occurs between disciplines, between academics and practitioners, and between interest-based knowledge systems. The argument of this paper is that we should celebrate such diversity. Following Hulme [1], we see contestation as a crucial resource for learning and ‘better’ action rather than as an impediment to action..

What does our argument mean for climate change education? The paper authors are currently addressing the question through a European Union (EU) Erasmus project, ‘The lived experience of climate change: elearning and virtual mobility’, which brings together 8 Universities across 6 EU countries to support Masters study in the area. The project is creating curriculum resources (which will become open educational resources), technology-supported learning communities and a platform for virtual mobility of students 

Three imperatives drive the project: firstly, as educators, it is our duty to expose students to the range of perspectives and knowledges about climate change. Secondly it is particularly important to expose them to knowledge of the sectors on which climate change impacts directly: the natural resource sectors where water is of paramount importance. Thirdly, we should enable student interaction with diverse knowledges by developing competences for communicative engagement. 

These imperatives form Sections 2, 3 and 4 below, while in Section 5 we examine the common motif of ‘engagement’ which runs through the previous sections.
2. Expanding the knowledge base of climate change education

Climate change and its consequences for the functioning of human societies represent a defining challenge in the 21st century. Led initially by natural scientists, latterly other sciences have addressed the climate change theme: political science with respect to governance issues [2] and economics with respect to its costs and livelihood impacts [3]. 

Just as research on climate change has been dominated by the sciences, so too has University teaching. However, while reproduction of disciplinary specialists through teaching is both inevitable and also commendable in order to gain in-depth insights into particular aspects of climate change, the question arises as to what is missing.

To answer this question we start with the subject, the global challenge of climate change. Such challenges rarely fall neatly within the epistemological boundaries established by academic disciplines. This observation remains the most compelling reason for interdisciplinary approaches to the study of real-world problems [4] such as climate change, where exploration at the boundary interfaces of academic disciplines represents opportunities for gaining insights which would otherwise remain hidden.

The ‘Lived experience of climate change’ (LECHe) project does not only involve several institutions and countries, but also natural science, engineering and social science to create an interdisciplinary Masters curriculum. As implied by the title, however, ‘The lived experience’ expands the notion of interdisciplinarity to recognize the validity of the knowledges of professional practitioners and ordinary citizens. In contrast to academic disciplines, such knowledges are primarily tacit, being based on experience and shaped by socio-economic factors and life events. 

Incorporating lived experience into curriculum alongside academic disciplinary knowledges is a challenge. In our project, and in academic deliberation generally, the challenge raises the question of how to conceptualize ‘lived experience’.  As a starting point we postulate that it is knowledge shaped by the temporal dimension of personal and collective histories gathered over generations, the broader political and economic influences which shape our lives both in the global North and South, our engagements with other knowledges, and our perceptions of biophysical impacts associated with climate change that challenge our lives and livelihoods. The dynamics of how these factors interact to generate, perpetuate and evolve ‘lived experience’ have not been explored in depth. Thus even at the starting point of deconstructing the concept of lived experience, there is a huge potential to expand and develop our knowledge of climate change.

Equally, the methodological complexity of building a research design of ‘lived experience’ offers further potential to move from known, safe disciplinary boundaries for Masters students to cross-disciplinary, unfamiliar ones and adopt multi-method approaches. Students also realize that research does not stop at the empirical or writing stage and that knowledge continues to be created through action, sometimes action that generates policy. For example, scientific data can be complemented by participatory action research (PAR) which includes a range of stakeholders throughout the research process to capture knowledge from diverse voices, in turn generating potential to feed into policy on mitigation and adaptation. Alongside are questions on how to build methodological rigor. Underlying all are ethical and moral questions of fieldwork led by relatively affluent academics and students investigating lived experiences of marginalized groups in both Europe and developing countries. Of course such investigations are needed as otherwise these groups tend to be forgotten, but reflection of this kind inevitably leads to a wider understanding of climate change.

We do not, however, have to build the above conceptual and methodological understandings anew. They are at least latent in the natural resource sectors on which climate change impacts directly, to which we now turn.

3. Incorporating natural resource expertise: the case of water

There are particular reasons for including natural resource expertise in curriculum on the lived experience of climate change. Firstly, our basic human needs are dependent on access to natural resources, such access being critically affected by climate change. Secondly, natural resource expertise is directly concerned with real-world problem solving to enable continuing access. Following on and thirdly, the expertise is inherently multi-disciplinary, leading to the possibility of interdisciplinary solutions. 

In the LECHe project we focus on expertise associated with the water sector as water is arguably the most basic of natural resources as the source of food and life. More specifically, this sectoral expertise contributes to climate change curriculum and our understanding of its lived experience in the LECHe project through combining:
Earth System Sciences and the impact of climate change on rainfall, its spatial patterns, frequency and severity, whether in the form of droughts or floods. 
Technology, where environmental authorities and engineers play an important role in the enhanced control of water systems which are necessary for successful climate change adaptation. 

Management, especially decentralized water management based on multiple-stakeholder cooperation and flexible adaptation to uncertainty induced by climate change. 

Decentralized water management recognizes the potential of multi-stakeholder cooperation for creativity and innovation through active (or social) ‘learning alliances’ [5]. Active learning (or “social learning” [6]), for example within citizen user groups, or between these groups and scientists and policy makers, aspires to a shared understanding of the water system and the challenges to it in order to deal with complexity and uncertainty. The concept of active/social learning is particularly appropriate to the LECHe project where the envisaged learning communities and engagement through virtual mobility may be seen as directly experiencing social (or active) learning ‘by doing’.

4. Virtual mobility and open access in a competence-based approach
As argued above, students should be exposed to a range of climate change perspectives. Moreover, to use diversity as a source of inspiration and better solutions instead of conflict and political paralysis, students should think, communicate, collaborate and integrate across knowledge boundaries. We call this ‘transboundary competence’ [7], on which social learning in professional practice is based. 

In the LECHe project, this means that we need a learning environment that enables students to communicate, collaborate and reflect with their peers, teachers and supervisors and with the diverse experiential knowledges of climate change. Such a learning environment should build on the principles of virtual mobility and open access to educational resources. Virtual mobility, defined as ‘using information and communication technologies (ICT) to obtain the benefits [of] physical mobility, but without the need to travel’ (eLearningEuropa.info), allows, through an integrated Virtual Learning Environment, the formation of ‘learning communities’ [8]. Here, Masters students and staff across Europe meet, study, discuss and compare ‘lived experiences of climate change’ and scientific analyses thereof. In addition, we envisage ‘open’ learning communities at the science-society-policy interface where, students, teachers and researchers can engage with non-academics.
In view of the climate change topic, a major added advantage is the reduction in carbon footprint achieved with online development and exploitation of the modules. This reduction may amount to factor 8-20 [9, 10], if virtual mobility is used in the design instead of face-to-face delivery. The environmental impact (in terms of energy use and CO2-emissions) of internationalisation in higher education has scarcely been investigated, and its effect seems to be underestimated (or disregarded). Thus, in our approach virtual mobility is both the medium and (part of) the message.
5. Conclusion

Common to the above sections is that the lived experience of climate change is a process of engagement between diverse influences and perspectives. In the LECHe project, ‘engagement’ is:

· An object of study, being important for cooperative approaches to natural resource management and for evolving lived experience. ‘Engagement’ is key to the argument in Sections 2 and 3, being the means which turns diversity of knowledges into resources for social learning and action

· The subject of study, being the foundation of the transboundary competence approach to learning which is described in Section 4.
We adopt a broadly analytical approach to communicative engagement as an object of study, there being a wealth of both promotional writing [11] and critical studies [12]. As subject, we adopt a more normative stance – we are actively promoting knowledge construction through learning communities and virtual mobility as the basis of our pedagogy. The challenge of using ICTs to support this pedagogy goes beyond formal education, however. It is at the heart of whether or not we can, as one world, rise to the challenge of global issues such as climate change. This is the ultimate aim of the LECHe project – to develop ways of building the necessary cross-ontological capabilities to respond to the global climate change challenge.
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