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Abstract

:

This article looks at transdisciplinary research and discusses the possibilities of translating this concept into a new type of education, which we will call Transdisciplinary Education. Following the adoption of the Sustainable Development Goals by the community of states, there has been increased international recognition of education as being a key driver for sustainable development. Considering the global grand challenges of the 21st century, the integration of Education for Sustainable Development at all school levels ought to be prioritized in order to empower young people to contribute to sustainable development. Collaborating with out-of-school partners and doing research on real-world problems within their lifeworld, help students develop the competences necessary for responsible citizenship, while at the same time contributing to community well-being. Both concepts transdisciplinary research and Transdisciplinary Education acknowledge the responsibility of addressing social relevant problems and the significant role of those who are and who will be affected by these challenges. The project Science Education for Action and Engagement Towards Sustainability (SEAS) aims at analyzing different partnerships between schools and out-of-school institutions in European countries. By comparing the collaborative formats and providing a concept and method pool for educators, SEAS targets facilitating the integration of Transdisciplinary Education in formal schooling in the future. This article gives insights into the Austrian research-education collaboration k.i.d.Z.21. Drawing on experiences of k.i.d.Z.21 and taking up characteristics of transdisciplinary research, opportunities and challenges of integrating Transdisciplinary Education in formal schooling are discussed.
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1. Introduction


«There is nothing permanent except change» (Heraclitus, 540 BC). This famous quote from the Pre-Socratic philosopher Heraclitus of Ephesus, made long before the beginning of the Anthropocene, can also be applied to the dynamics, world society has to address in the 21st century. Humans are increasingly faced with rapid changes and complex problems, like anthropogenic climate change (CC) or the current Covid-19 pandemic. However, in view of these challenges, which are among the great global grand challenges of the 21st century, humans not only suffer the repercussions of these challenges, but also bear responsibility, holding the power to significantly determine their further magnitude [1,2,3,4]. Technological breakthroughs and political regulation alone will not be enough to address these challenges. In this context, innovative forms of research and partnerships will be necessary, which transgress disciplinary and system boundaries and give space for new types of knowledge and competence development [4,5,6].



Against this backdrop, a claim in the world of science emerged, namely that science needs to become more socially responsible, recognizing the value to research problems in an inter- and transdisciplinary manner [7,8,9,10,11,12]. With regards to the social responsibility of science, the consideration of the needs, experiences, and values of those affected by a problem are significant. Thus, shifting away from research on people to research with people, should be the core of transdisciplinary (TD) research. This implies that scientists should regard society as an equal partner and research problems, like CC, which are socially relevant. Hence research becomes a mutual learning process for all partners involved and requires a shift from a unidirectional top-down information flow, to research that transforms all systems involved [8,13,14,15]. The significance of TD research to cope with current and future challenges and to create more sustainable and socially accepted solutions is also acknowledged by the European Commission and is considered in the concept of Responsible Research and Innovation, which is part of the research funding program Horizon 2020 [16].



The role of education as a key driver dealing with the challenges posed by anthropogenic CC and further sustainability challenges, has been acknowledged by the community of states for almost three decades. Both Agenda 21 and the Decade of Education for Sustainable Development (ESD), began connecting education and sustainable development. Debates on Sustainable Development Goals (SDGs) which have continued over the past five years have also centered on the important role education can and should play in achieving the set targets. The Paris Agreement (2016) affirmed that, SDG4 Quality Education is considered to be a central element for reaching all other SDGs [17,18,19,20]. Climate Change Education (CCE) in particular plays an essential role with regards addressing the challenges included in the SDG 13 Climate Action [21].



Considering the fundamental role of education and the value of TD research against the background of anthropogenic CC, the significance of the young generation in contributing to a sustainable present and future becomes apparent. Young people are not only the most affected by future sustainability challenges, but also the decision-makers of today and tomorrow [22,23]. Further, via the Fridays For Future movement, young people impressively demonstrate that they can be the pioneers and the creators of the momentum of change toward social transformation today [23,24]. A transformation of values and lifestyles is considered to be decisive in order to address the challenges posed by anthropogenic CC and further challenges of our time like inequality and poverty [4,25,26,27,28].



Although recognizing the value and responsibility of each individual domain—of TD research and of education—in addressing socially relevant issues [9,11,12,16,19], the potential which will be achieved by uniting both domains and integrating them in the form of a Transdisciplinary (TD) Education in formal schooling, is only minorly reflected in school reality. Until now, the concept of TD has predominantly been adopted in higher education [29,30,31,32,33], and is rarely found in everyday school education. Where TD does exist in formal schooling, it takes the form of relatively short-term, research or community-education partnerships (e.g., [34,35]).



This publication aims to introduce the new concept of Transdisciplinary Education and discusses its opportunities and challenges which are derived from the concept of TD research and TD in higher education. Additionally, experiences from the Austrian research-education collaboration k.i.d.Z.21—kompetent in die Zukunft (in English: competent towards the future) are presented. This publication also highlights system impedances, conflicts, and questions which might arise by introducing TD Education in formal schooling. These questions will be addressed in future research within the EU funded Horizon 2020 project Science Education for Action and Engagement towards Sustainability (SEAS) of which k.i.d.Z.21 is a part of.



A short introduction to the concept of TD and its meaning for formal schooling now follows, along with a presentation of the Austrian research-education collaboration k.i.d.Z.21. Subsequently, there is a discussion how to implement TD Education in formal schooling against the background of its opportunities and challenges. Finally, a general and for k.i.d.Z.21 and SEAS, a specific conclusion is drawn.




2. From Transdisciplinary Research to Transdisciplinary Education


In order to achieve a social transformation toward a sustainable future, anthropogenic CC and its consequences require a powerful educational response [17,18,19,20,21,27,36]. Young people have to be empowered to address challenges like CC and to actively shape their lifeworld as responsible citizens. Responsible citizenship is interpreted in this publication as citizens who are able to reflect critically on own and others behavior as well as take responsibility for their own actions, while considering temporal and spatial impact of their actions today. This requires, on the one hand, scientific literacy, the ability to apply scientific knowledge and competences wisely in everyday life, and on the other hand, inter- and intrapersonal competences and values in line with ESD, both supporting transformative learning and allowing the making of informed and sustainable decisions [18,19,37,38,39,40,41,42,43]. Against this background, Paulo Freire claimed in 1970 that traditional teaching styles, as still commonly used in schools today, lead merely to short-term recall, with little or no lasting effect in the long run [44,45]. In a dynamically changing world these practices are inadequate, as they hinder adopting learning contents to new and uncertain situations [46]. Moreover, discipline-oriented knowledge is insufficient to deal with and pro-actively tackle current and future sustainability challenges, which require a multi-perspective approach [14,47]. Furthermore, the philosopher Ivan Illich, one of the most visionary political and social thinkers, stated in his radical book Deschooling Society (1971) that education has to support knowledge exchange between those who want to share and those who want to learn, as well as give everyone the opportunity to make her/his opinion and arguments known by the public [48].



In order to empower young people to cope with a continuously changing world, teaching approaches need to meet the needs of ESD. ESD promotes inter- and transdisciplinary, learner-centered, participatory, and locally relevant approaches [49,50]. TD partnerships which give students the opportunity to actively conduct research on real-world problems and develop sustainable solutions with out-of-school partners address the claims made by Paulo Freire and Ivan Illich and are in line with ESD [17,18,45,48,51,52,53,54,55]. Hence, TD partnerships allow students and teachers to collaborate with scientists, as well as further out-of-school partners in the fields of, for example, politics, economy, ecology, and civil society within the community that the school is located. Besides that, jointly conducting research on real-world issues fosters scientific literacy, while the exchange of knowledge and perspectives in collaborative processes encourages mutual learning of all partners involved and facilitates the generation of transformative knowledge [15,56,57,58,59]. The latter is fundamental for the change of current actions and behavior toward sustainability [51,60,61]. Moreover, TD collaboration allows the development of the competences needed, like the capacity to reflect on one’s own and others perspectives and critical thinking, which are in line with the claim of ESD, and beyond that foster a responsible population [17,18,37,38,39,42,43,51,53].



Initial discourses about transdisciplinarity emerged against the background of economic and technological change in the 1960s, which in turn entailed innovation and transformation of research and educational systems [11]. Years later, environmental problems and arising debates about sustainability resulted in the evolution of the concept of transdisciplinarity, which moved away from a more interdisciplinary scientific perspective [62,63,64], beyond societal needs as the driving force of the research [65,66], toward partnerships between science and society [11,12,67,68]. Consequently, the perspective and contextual knowledge of those affected by a problem gained importance and led to an increasing involvement of civil society in the research process [11,14,67]. TD research contains three fundamental aspects: (1) The starting points are socially relevant issues, which are jointly identified and which are researched by means of integrative scientific methods, with the aim of developing interdisciplinary solutions or strategies for transformation; (2) during the whole research process there is an exchange between scientific and non-scientific partners, the latter, e.g., politicians, require the generated knowledge for decision-making; (3) integration of non-scientific partners, like citizens (or in this case: students), to consider experiences and context-based knowledge [33,57,69,70]. Different forms of partnerships are possible, depending on the degree of integration of non-scientific partners [71].



Translating this concept into the educational context requires that socially relevant issues of students’ lifeworld, which are jointly defined, should be considered as fundamental for formal schooling rather than as pre-defined educational content [43] (see Figure 1). Dependent on the age of the students and the type of school, teachers can draw from different collaborative formats and consequently enhance students’ involvement in collaborating with out-of-school partners. Shaw et al. (2011) distinguish between young people as source of research data, young people are consulted about the research and young people as collaborators. The most autonomous form, according to Shaw et al. is that young people are empowered and take ownership of the research. The latter two are considered for TD Education as they originate from joint decision-making and consequently are in line with TD research which fosters research with people instead of research on people. The collaboration between students and out-of-school partners involves jointly developing and planning different research phases. If students get the opportunity to take ownership of the research, teachers and out-of-school partners give only support and guidance when needed [72]. Consequently, students design the research process on their own, from the development of the research question, to the selection of the evaluation method, and to the assessment as well as the presentation of results and solution strategies [54,73]. During this form of partnership, young people simultaneously take ownership of both their learning process and their lifeworld [74,75].



Beyond that, scientists should be involved to monitor and support the collaboration process, teachers can additionally benefit of the partnerships with scientists and further out-of-school partners, to jointly work out with students, actual research findings and practical context-based knowledge.



Inspired by the approach of TD research and Responsible Research and Innovation [11,16,57], this paper argues that mandatory anchoring this new form of education Transdisciplinary Education in formal schooling, offers schools the opportunity to play a part in having a social impact while educating a responsible student body.



The opportunity that TD Education offers community well-being and sustainable development, raises a few questions, which will partly be addressed in this paper and in future research within the project SEAS. These questions are as follows:




	
What opportunities and challenges do schools face by introducing TD Education in terms of educational, staff and institutional development?



	
How can TD Education be integrated into school reality? What developments does this necessitate in the fields of educational, staff, and institutional development?



	
What opportunities and challenges do out-of-school partners face by co-operating with schools in the long-term? How can these challenges be addressed?



	
What methods can be used within the collaborations in order to jointly research sustainability issues?









3. A Long-Term Research-Education Collaboration on Climate Change: The Example of k.i.d.Z.21


The research-education collaboration k.i.d.Z.21—kompetent in die Zukunft (translated as: competent toward future) was developed against the backdrop of today’s youth being increasingly confronted with the global grand challenges of the 21st century, specifically with the consequences of anthropogenic CC [5,76]. Consequently, they have to adapt and go through a transformation process, for which young people, as today’s and tomorrow’s decision-makers, have to be prepared [77]. Besides raising awareness about CC and its consequences, k.i.d.Z.21 aims at generating acceptance and the need for action, linked with a necessary social transformation, while at the same time strengthening young peoples’ capacities to act and adapt to the challenges posed by societal, economic, and ecologic changes [78]. Since the foundation of the collaboration in 2012 between the Department of Geography of the University of Innsbruck, Austria, and the Karl-von-Closen Gymnasium, a southern German high school, the network has continuously grown with the addition of many more Austrian, German, and Italian schools. To date, almost 2,500 high-school students have been involved in the one full school-year project. The network includes more than 100 voluntary (scientific) experts in the fields of CC and environmental ethics, tourism, bio-, pedo-, and cryosphere. These are alongside established (scientific) CC experts as well as young scientists.



k.i.d.Z.21 is based on the idea of a transdisciplinary dialogue between students and (scientific) experts of different disciplines and on moderate constructivist approaches to learning [77,78]. Hence, the setting of k.i.d.Z.21 fosters exchanges between students and (scientific) experts and gives students the opportunity to actively complete research on real-world problems within school and out-of-school settings [55,79].



The project consists of different modules (Figure 2), which, among others, are based on concepts of TD mentioned above [11,57,80,81,82]. During a school year, the students (aged between 12 and 18 years) are actively involved in these modules.



At the beginning of the project (and the school year), during the kick-off event, students have interactive workshops, lectures + debates on CC with CC experts and further out-of-school partners like politicians and peers, getting the opportunity to discuss CC and its consequences. During the school year, the students receive classical school lessons on CC. All teachers in the participating schools are asked to include the topic of CC in their school lessons. The teachers are autonomous with regards how far and by which methods they integrate this topic. Furthermore, for at least six months the students develop and work on their individual CC research project, which can be related to the human or social sciences (e.g., arts, history etc.) or related to the natural sciences (e.g., mathematics, biology etc.) or, even better, be interdisciplinary. The individual CC research projects are presented at the end of the project. According to the moderate constructivist approach [52,80,82], the whole concept is up to the students. This resulted in students creating their own creative learning projects, e.g., some students established an initiative at their school to encourage other students to go to school by bike. The project year finishes at the end of the school year with an Alpine Research Week, where the students once again come in contact with experts in the fields of tourism, environmental ethics, alpine vegetation, and glaciology. The high Alpine environment offers an authentic setting, where students become researchers, doing research on the consequences of CC on the above mentioned fields [55]. Based on inquiry-based learning students are asked to develop their own research questions, find adequate methods for data collection and collect, analyze, as well as interpret the data. The (scientific) experts offer the students support during the whole research process. On the last day of the Alpine Research Week, the synthesis day, local experts are invited to discuss the questions remaining unanswered.



The continuous scientific monitoring and evaluation of the participating students via online questionnaires at the beginning (pre-test) and the end of the project year (post-test), helps modify the setting and already showed interesting results regarding students learning outcomes against the background of CC [55,79,83,84,85].




4. Beyond Requirements of TD Education to Opportunities and Challenges


Referring to the initial questions (see Section 2), the following section deals with the opportunities and challenges of TD Education for schools as well as requirements in the fields of educational, staff, and institutional development [86]. Moreover, it highlights system external implementation requirements in the context of teacher training. This discussion is based on the experience of the research-education collaboration k.i.d.Z.21 and on a literature review of research in the field of TD in higher education and TD research.



4.1. Educational Development—From Theory-Based Teaching to Socially Relevant Issues


TD Education means a shift from theoretical predefined and discipline focused content as a starting point of learning to the joint definition of socially relevant issues within students’ lifeworld [31,87,88]. This requires innovative forms of teaching and learning which are in line with ESD [18]. Moderate constructivist and inquiry-based learning approaches seem to be most adequate for TD Education, as they are, on the one hand, learner-centered and grant students the opportunity to use their analytic and creative skills and on the other hand allow exchange and reflection of different perspectives, which is essential in collaborative research processes [33,54,73,80,82]. These concepts are also approved by the TD modules within the k.i.d.Z.21 project [55]. Nevertheless, TD settings require a high degree of self-reliance and active engagement of students as they evolve from a mere recipient to a co-designer of their school lessons [31,74,89,90,91]. The role of teachers in turn shifts from the classical role of knowledge mediator to coach and process manager, supporting students in their learning processes, enabling reflection among students and only intervening if necessary [33,92,93]. During the k.i.d.Z.21 school year, students develop and do research on their individual CC research project. The project evaluation shows that even if the students invest a lot of effort in the development of their project, actively dealing with an issue within their fields of interest encourages effective learning in comparison to the classical school lessons as demonstrated by Keller et al. (2019). The same is true for the Alpine Research Week, in which students do research and are supported by experts and their teachers whenever needed. The TD dialogue and active involvement in an authentic learning setting during this week, raises students understanding of CC and its consequences and lead to an increasing learning effectiveness [55]. Moreover, this TD project raises awareness and self-efficacy of students which are important predictors for climate-friendly action [83,85].



Moreover, TD Education also requires the rethinking and the redefinition of learning objectives and evaluation modes, as the learning content is jointly agreed with the students at the beginning of the TD partnership. The determination of learning objectives and evaluation modes therefore requires some flexibility. Learning objectives should focus on competences generated during the process or should be defined together with students at the beginning of the collaboration. The same can be possible for the evaluation mode.




4.2. Staff Development—Consideration of TD in Teacher Education


The demands that TD Education makes on teachers’ competences not only with regard to alternative pedagogical and didactical methods, but also in using different forms of student’s involvement within partnerships, not only affect schools but also universities, since these need to be considered in teacher training programmes [94,95]. The same is true for the organizational competences which are required to plan and maintain the partnerships [31,94,95,96,97]. Consequently, according to Germ (2018) it is necessary that universities build academic capacities doing research on TD and necessary (didactical) competences, and consider these in the curricula for teacher training [98]. Following a learning-by-doing approach, it would be highly recommended that university students get in contact and do research with out-of-school partners [30,32]. The implementation of TD Education in schools further raises the question of how to re-train teachers already working within the classical education system. In the k.i.d.Z.21 project, for example, the project team invests a lot of time in training the teachers how to apply innovative didactical methods like moderate constructivism and inquiry-based learning in the sense of CCE and ESD [19,54,55,81]. The teachers themselves take part at the Alpine Research Week and do research in this authentic TD learning within the teacher training programme [55]. As the respective working group is also responsible for teacher education of the subject Geography and Economies at the University of Innsbruck, TD, moderate constructivist approaches of learning and ESD as well as CCE are part of the teacher training. Moreover, students get the opportunity to support the working group in different modules of the project.




4.3. Institutional Development—Structural Anchoring of TD Education


Since TD partnerships require a continuous exchange between students, teachers and out-of-school partners and are very time-consuming [37,57]; one possibility to integrate TD Education in formal schooling would be a TD project seminar [96,99]. This in turn needs to be considered in school curricula. One of the k.i.d.Z.21 schools for example, incorporates two hours each week for the students to work on their individual CC research projects, which would also be recommendable for a TD project seminar, in order to foster continuous exchange with out-of-school partners. Another possibility would be to allocate different periods within the school year for the TD exchange with out-of-school partners, as it is commonly handled in the k.i.d.Z.21 project. The findings of the study by Keller et al. (2019) and of further studies within the project [83,84,85] support the fact that the dialogue with out-of-school partners within the TD modules have already a high learning effect.




4.4. Personal Development—Beyond Knowledge to the Generation of Competences for a Responsible Citizenship


TD Education leads to a democratization of learning as students get the opportunity to actively shape their own learning process, while contributing to the community well-being and sustainable development. Moreover, both by means of the process of collaboration and by researching, students may develop competences needed for responsible citizenship [31,39,42,43,47,54,100]. The findings of the study by Deisenrieder et al. (2020) also support an increased self-efficacy and climate change awareness among students taking part at the k.i.d.Z.21 project. Furthermore, students’ climate-friendly behavior is raised by doing their own research and being in dialogue with out-of-school partners in the project [85]. The latter is also confirmed by further studies beyond this project [101,102,103]. Moreover, actively researching an issue of interest raises scientific literacy and encourages students to identify with, take ownership of, and consequently responsibility for the issue [31,33,43,103,104,105,106]. Furthermore, as demonstrated by Parth et al. (2020), k.i.d.Z.21 students also act as multipliers on their families in relation to climate-related knowledge attitudes and actions [84].



As mutual learning takes place within TD partnerships by continuous dialogue and exchange of different perspectives, not only students but all partners involved make progress and develop competences necessary for a responsible citizenship [42,103,107].





5. Conclusions


This publication aims to demonstrate that solving today’s and the future’s challenges are no longer a matter for scientists and politicians alone, but requires a responsible citizenry [38,39,41,42,43]. Therefore, new forms of research and education are necessary which allow mutual learning and foster new types of knowledge and competences generation for transformative learning [11,13,42,51,60,67]. However, traditional teaching styles as commonly practiced in formal schooling are inadequate to address the challenges in a dynamically changing world [45,47]. Approaches to teaching and learning need to be in line with the claims of ESD, which promote inter- and transdisciplinary, learner-centered, participative and locally relevant approaches [18,49,50].



Inspired by the concept of TD research [11,67] and Responsible Research and Innovation [16] and drawing on the experience within the research-education collaboration k.i.d.Z.21, this publication aims to introduce the new concept Transdisciplinary Education which should become an integral part of formal schooling. TD Education transgresses system boundaries and empowers young people, the ones who will be the most affected by future sustainability challenges [22,23], to actively shape their lifeworld by participating in the development of sustainable and societal accepted solutions within their community. Actively dealing with socially relevant issues within their lifeworld, collaboratively doing research and being in dialogue with out-of-school partners from science, politics, and further sectors within their community, students develop competences necessary for a responsible citizenship, as demonstrated by studies within the Austrian research-education collaboration on climate change k.i.d.Z.21 [83,84,85]. Within the international EU Horizon 2020 funded project Science Education for Action and Engagement Towards Sustainability (SEAS), which was submitted in November 2018 under the call Science with and for Society different formats of TD partnerships both in regard to temporal, structural, and operative aspects will be analyzed in a cross-cultural setting from projects partners in Austria, Belgium Estonia, Italy, Norway, Sweden, and the United Kingdom. K.i.d.Z.21 is representative of the Austrian TD collaboration. Comparing different methodological approaches and implementing different tools within the partnerships, SEAS aims at giving answers to the initial raised questions (Section 2) and providing a concept and method pool of good practice examples and lessons to be learned for educators to establish and facilitate the integration of TD Education in formal schooling.



In addition to having a great potential to contribute to community well-being and thus to sustainable development, TD Education also may challenge schools as it requires developments on educational, staff, and on an organizational level. These necessary developments lead to the need to rethink aspects of the traditional school system, especially in regard to the objectives of teaching and learning which are defined in school curricula and how to consider TD Education in school reality. Furthermore, anchoring TD Education in formal schooling involves a necessary development in higher education in the field of teacher training and also challenges out-of-school partners [98,107,108,109]. Consequently, different systems involved come into conflict which differ in terms of interests, time structures, and administrative aspects [107]. Analyzing and comparing the opportunities and challenges for schools, but also for out-of-school partners, of different formats of TD partnerships and finding solutions for the just named challenges, will be a demanding task for future research within SEAS and the country-specific partnerships. However, it will inform how to best integrate the concept of TD Education in formal schooling.



Yet, as TD research and the education of (young) people play an increasingly important role in dealing with the complex global grand challenges of the 21st century [11,16,19], this publication also aims at encouraging research beyond these projects to find innovative answers in order to translate the concept of Transdisciplinary Research into Transdisciplinary Education. Acknowledging the important role of education [18], educating a ‘powerful force for social change’ (Bentz & O’Brian 2019, p.1) [23], this publication concludes that schools not only have great potential, but also a responsibility to contribute to community well-being and beyond that to sustainable development.
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Figure 1. From transdisciplinary (TD) research to transdisciplinary education. Source: [13], modified. 
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Figure 2. k.i.d.Z.21 learning setting during a project year (one full school year) (source: [55], modified). 
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