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There is a disconnect between ambition and achievement of the UN Agenda 2030 and associated Sustainable Development Goals that is especially apparent when it comes to ocean and coastal health. While scientific knowledge is critical to confront and resolve contradictions that reproduce unsustainable practices at the coast and to spark global societal change toward sustainability, it is not enough in itself to catalyze large scale behavioral change. People learn, understand and generate knowledge in different ways according to their experiences, perspectives, and culture, amongst others, which shape responses and willingness to alter behavior. Historically, there has been a strong connection between art and science, both of which share a common goal to understand and describe the world around us as well as provide avenues for communication and enquiry. This connection provides a clear avenue for engaging multiple audiences at once, evoking emotion and intuition to trigger stronger motivations for change. There is an urgent need to rupture the engrained status quo of disciplinary divisions across academia and society to generate transdisciplinary approaches to global environmental challenges. This paper describes the evolution of an art-science collaboration (Catching a Wave) designed to galvanize change in the Anthropocene era by creating discourse drivers for transformations that are more centered on society rather than the more traditional science-policy-practice nexus.
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INTRODUCTION

The world is at a turning point for sustainable development and there is an evolving need to identify and enact new pathways to action in the face of constantly shifting biophysical and social realities (Randers et al., 2018). The aspirational and collective nature of the UN Agenda 2030 and its Sustainable Development Goals (SDGs) (United Nations, 2015) has been used as a central tenet to inspire numerous meaningful and impactful transdisciplinary partnerships, including between art and science actors (Brennan, 2018; van der Vaart et al., 2018). The SDGs have been used to galvanize, among others, the role of youth and innovation (Bastien and Holmarsdottir, 2017), engagement with industry and business (Scheyvens et al., 2016; Weber, 2018), sports (Lemke, 2016), and gender equality (Fredman et al., 2016). This suggests that actors within both community and political spheres are attempting to take advantage of the holistic and optimistic appeal of the SDGs to stimulate social action (McAfee et al., 2019). In fact, there is a growing recognition that overall achievement of the SDGs depends not only upon responsible economic development administered through the lens of environmental sustainability, but perhaps more significantly, through enhanced social inclusion and justice (Ensor et al., 2018; Patterson et al., 2018; Fleming et al., 2019). The literature is beginning to reflect a more systematic consideration of social justice implications of climate change responses at national and subnational levels, including differential abilities to adapt (Paavola and Adger, 2006; Adger et al., 2017) as well as the need to ensure that those least able to influence the process but often most affected are heard (Fleming et al., 2019).

Despite this recognition, there is a gap in the current conceptualization of the UN Agenda 2030 and the SDGs and implementation at scale (Le Blanc, 2015; Stevens and Kanie, 2016; Stafford-Smith et al., 2017; Blythe et al., 2018; Scherer et al., 2018), across the Global North-South binary (Iqbal and Pierson, 2017; Hayward and Roy, 2019; Horner and Hulme, 2019) and especially when framed within the concept of the Anthropocene (Lim et al., 2018). This gap has two origins; (i) the knowledge and science needed to achieve the SDG targets and indicators and (ii) the engagement of the whole public in SDG delivery. Both of these origins are easily demonstrated in coastal and ocean systems: systems that are under ever increasing pressure from direct pollution and eutrophication, climate change, and fishing and aquaculture (Borja et al., 2017; Visbeck, 2018). Despite continued discourse around the importance of these spaces, epitomized by SDG14:Life below Water, little traction has been gained when it comes to shifting behaviors or resonating with society on a broader scale (Cormier and Elliott, 2017; Fleming et al., 2019). Recent politically focused engagement activities have shown that SDG14 is almost universally considered the least important of the SDGs (Custer et al., 2018). These results were derived from a questionnaire sent to elected politicians, bureaucrats, non-profit and humanitarian executives, and business leaders from 126 low- and middle-income countries in South and Central America, Africa, Europe, and Asia. They demonstrate a clear severing between the rhetoric of scientific research agendas (ICSU and ISSC, 2015; Plag, 2018; Visbeck, 2018) and reality around the lack of a perceived political importance (Custer et al., 2018). This is despite the fact that fish and seafood are a primary source of protein for more than one billion of the poorest people on Earth (Huelsenbeck, 2012; Béné et al., 2016) and the goods and services from coastal and marine ecosystems being estimated to contribute about $2.5 trillion (USD) to the global economy each year with a total asset base of at least $24 trillion (USD) (Hoegh-Guldberg, 2015). For instance, Europe’s coastal regions are home to 214 million people and generate 43% of EU GDP, and the blue economy is regarded as a growth sector, with opportunities both in established sectors like tourism and shipbuilding, and in emerging areas like ocean energy or the blue bio-economy (European Commission, 2019). Yet, coastal landscapes are under considerable pressure and change, for instance, from sea level rise changing unalterably the physical, social and economic geography of coasts (Ramesh et al., 2015) or the marine plastic issue (Haward, 2018; Villarrubia-Gómez et al., 2018). This disconnect is further illustrated by a number of SDG interlinkages tools and national governmental documents that either fail to feature SDG14 or coastal and ocean spaces, such as UNEP’s Frontiers 2018/19: Emerging Issues of Environmental Concern report (UNEP, 2019), or show poor reporting across all environmental SDGs (e.g., Sachs et al., 2018; Villarrubia-Gómez et al., 2018).

In a time of global environmental change and uncertainty, knowledge acquisition, transfer, and application for global societal change is critical, and a call for innovation, including arts and the humanities, to foster action at all levels of society forms part of the United Nations Decade of Ocean Science for Sustainable Development (2021–2030) (Claudet et al., 2020). This paper examines a process to build an inter- and trans- disciplinary art-science collaboration to create such opportunities to elucidate a mechanism that can galvanize change by creating discourse drivers for transformations that are more centered on society rather than the more traditional science-policy-practice nexus. A case-study of an iterative project, Catching a Wave, designed to demonstrate the co-design potential of ocean and coastal sustainability while providing levers for both cultural identity and innovation is presented. In addition, the process of transdisciplinarity to create such transformational pathways to impact are also examined. Finally, a critical assessment of the potential of catalyzing social change through an integrated art-science approach is discussed.



CONTEXT FRAMING

Human pursuit of coastal sustainability in the Anthropocene requires transformative social and economic pathways that navigate toward sustainable development co-created with the intended beneficiary communities (Pelling et al., 2015; Future Earth Coasts, 2018). There is increasing awareness that existing assessment processes that monitor the status of environmental and societal components of coastal systems cannot on their own deliver the knowledge for transformations to more sustainable pathways of coastal use (Ajzen, 1985; Benham and Daniell, 2016; Marques et al., 2016; Comte et al., 2019). Problem to solution formulation is not simply an issue of multi-disciplinary approaches but must account for social and cultural values, norms, and priorities that differ greatly based on a variety of issues (Leiserowitz et al., 2006; Jefferson et al., 2015; Bennett, 2016; Mayer et al., 2017). This variation is also reflected in the ways that people learn and communicate knowledge, shaped by new forms of communication (Shi et al., 2016; Zareie and Jafari Navimipour, 2016), especially around climate and sustainable development issues (Ballantyne, 2016; Moser, 2016). This reality means that knowledge in combination with learning, both social and individual, is critical in catalyzing the sense of urgency necessary to influence change (Figure 1) (van Mierlo and Beers, 2018; Goyal and Howlett, 2019). Therefore, in order to spark global societal change toward future sustainable pathways at all scales, the mechanisms through which science, knowledge and social learning are employed and engaged with also have to be more responsive to social differences and inputs (Ensor and Harvey, 2015; Cummings et al., 2018; Wehn and Montalvo, 2018). Existing processes need to respond to a variety of ways of knowing that lead to different contexts of application requiring new processes to integrate and engage with these differences from the start (Brugnach and Ingram, 2012; Hawkins et al., 2015; Eldred, 2016).
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FIGURE 1. (A) Both arts and sciences increasingly employ technology as part of their methodologies but by working collaboratively the opportunity to combine motivational aspects of decision making by individuals and society promoted by art with the transformations that science seeks through the persuasive ‘power’ of facts is likely to lead to a deeper held knowledge that reflects cognitive with emotion and intuition in decision making (49). (B) Both knowledge and ‘imagination’ to ‘see’ better futures or understanding of the past combine to manifest more impactful and meaningful avenues for enquiry and potential innovative solution spaces that art, science, or technology could achieve alone. When coupled with the norms and cultural values held within society, knowledge can be instrumental in enabling deeper, social learning that allows for new behaviors to be acquired creating a negotiated space that allows for change (70). These elements all are necessary to catalyze the large-scale shifts in behavior across society that are needed to enable sustainability.


In this paper, transdisciplinarity is taken as providing a framework that transcends disciplinary boundaries to develop holistic and transformative solutions where the outcome extends beyond interdisciplinary approaches to create something completely new providing space for social transformations as well as governance ones (Defila and Di Giulio, 2015; Klenk and Meehan, 2017; Schneider et al., 2019; Norström et al., 2020). Such approaches can embed social justice at their core and also allow for geophysical, ecological, philosophical, cultural, and emotional connections to ocean and coastal spaces to be realized at different scales (Brown, 2015; Olsen et al., 2016; Irwin et al., 2018). They also embrace concepts such as co-production in a practical rather than an analytical sense, focusing on the intentional act of engaging non-scientific actors in the process of scientific knowledge production, which has increased this responsiveness (van der Hel, 2016). Examination of such enabling mechanisms, and potential innovations and transformations to existing social structures, can shed light on how public opinion is shaped, how perceptions are formed across diverse areas in society, and how to mobilize change across scales (Leiserowitz et al., 2006; Miller et al., 2014). This can provide pathways to increase the impact factor of science and knowledge through traditional and non-traditional communication routes (Reed et al., 2010).


Art-Science Collaborations

Art and science literature make clear that both ‘disciplines’ share a common motivation and goal to understand and describe the world around us (Sleigh and Craske, 2017), and are engaged in concepts of reflection across all elements of society to effect changes in behavior in individuals and society. In addition, both art and science provide avenues for enquiry and communication, impacting different audiences through the generation of a multiplicity of resonate narratives (Chabay, 2015). Art, in its many and varied forms, has the liberty and ability to generate shifts in social perceptions and behaviors in ways that science and data alone currently do not (Pearce et al., 2003; Eldred, 2016; Brennan, 2018), providing a complementary pathway for engagement. However, despite common goals, more and more literature has been generated around how the increasingly engrained status quo of disciplinary divisions across academia and society is actively contributing to this separation (Leach, 2005; Sleigh and Craske, 2017). It has been postulated (Trondle et al., 2019) that combined collaborative arts and sciences projects can enhance transformations by encouraging decision making that engages with emotion and intuition as well as cognition as a motivation behind change (Soosalu et al., 2019). Numerous benefits of bringing together the methodologies and practices of science and technology with art in its many forms in a transdisciplinary cross-over approach can be identified. These include the creation of participatory and discourse spaces that generate evidence and enable transformation in practice (Fischer, 2006; Oliver and Boaz, 2019) as well as shared and negotiated understanding of the meaning and implications of existing knowledge (Born and Barry, 2010; Gibbs, 2014) and increased innovation in knowledge transfer (Cornell et al., 2013) (Figure 1).

Although challenges to the great divide of art and science, hallmarked in C. P. Snow’s 1956 model of “two cultures,” are not new (Snow, 1956), art-science collaborations have experienced a surge of interest in recent years (Born and Barry, 2010; Trondle et al., 2019). Malina (2001) used the term ‘new Leonardos’ in his effort to capture ways that he saw people charting new professional territory synthesizing art, science and technology. Describing the information arts, Wilson (2002) heralded an “essential rapprochement” between “two great engines of culture.” Since then, across a spectrum of sectors and activities, the involvement of artists in the production of science and technology is no longer rare, although it is far from routine. Collaborations have enabled technological innovation (Broadhurst, 2007; Eldred, 2016), urban environmental rejuvenation (Ingram, 2014; Whitehead, 2018), data visualization (Cox, 1991, 2004; Born and Barry, 2010; Woodward et al., 2015), new models for education and work (Ghosh, 2005; Gurnon et al., 2013; Hawkins et al., 2015), the role of technology in society (da Costa and Philip, 2008) and even national competitiveness (Huggins and Clifton, 2011). Key examples that can be drawn on with respect to SDG14 include public discussion on the impacts of sea-level rise and changing ocean health on coastal and island communities (Ingram, 2014; Straughan and Dixon, 2014; Brennan, 2018), ocean ice (O’Connor and Stevens, 2018), and the impacts of ocean plastics (Carnell et al., 2020). Some of these collaborations are well established, such as the United Kingdom-based Cape Farewell project that has focused on climate change and the Arctic with the aim of fostering a cultural discussion (Ingram, 2011).



ENACTING A TRANSDISCIPLINARY ART-SCIENCE PARTNERSHIP

In the context of the work described here, principles of transdisciplinarity were inculcated in the working of the project team and the design and implementation of workshops. For workshops, participation from outside of academic circles, including participants from outside of the research realm who bring additional worldviews and experiential knowledge necessary to address complicated and pressing social and environmental problem (Carew and Wickson, 2010; Defila and Di Giulio, 2015; Klenk and Meehan, 2017), was actively encouraged. For transdisciplinarity to achieve its own stated goals, there is a need to move beyond the inclusion of non-science disciplines, and particularly the arts, as ‘add-ons’ to accomplish outreach and communication goals (Brandt et al., 2013; Norström et al., 2020). Instead, integrating these disciplines into all aspects of the design, implementation and outcomes of projects can provide the necessary pathways to break through barriers of language to bridge between stakeholders across science, society and politics communities (Popa et al., 2015). Art is a means for stakeholders and knowledge providers, whatever their discipline, to discover their own meaning and new ways to convey their understanding to others, and provide an open platform to juxtapose potentially conflicting and contradictory perspectives.

Transdisciplinarity provides an opportunity to capture the creativity of art to bring cultural capital to science in the context of Snow’s (1956) two-cultures debate (Sleigh and Craske, 2017) to address the increasingly complex challenges confronting sustainable development (Bernstein, 2015; Zafeirakopoulos and van der Bijl-Brouwer, 2018), currently framed by the UN 2030 Agenda (United Nations, 2015). This re-imagination is rooted in Barry et al.’s efforts to identify art-science collaborations through the lens of three logics of interdisciplinarity: accountability, innovation, and ontology (Barry et al., 2008; Born and Barry, 2010) where (i) accountability refers to the way in which scientific research is increasingly required to make itself accountable to society, (ii) innovation draws attention to scientific research needing to fuel industrial or commercial innovation and economic growth, and (iii) ontology discusses provoking change in both the object(s) of research, and the relations between research subjects and objects.

The ontological logic is the most critical in this construction, highlighting the reality that some art-science initiatives are focused on altering existing ways of thinking about the nature of art and science, as well as with transforming the relations between artists and scientists and their objects and publics (Born and Barry, 2010).


Catching a Wave Case Study


Concept Development

Catching a Wave (CaW), an iterative sea-level rise multi-media installation, has brought together a research consortium from four universities based in the United States, United Kingdom, and Ireland. CaW was deliberately conceptualized to act as a catalyst for constructing a transdisciplinary approach for shifting individual and collective mind-sets toward action for more sustainable oceans and coasts and the people who live, work, and interact within these spaces. Focused on five SDGs; SDG13: Climate Action and SDG14: Life below Water, SDG3: Good health and wellbeing; SDG15: Life on Land; and SDG17: Partnerships for the Goals. CaW was designed to increase awareness and resonance of the SDGs and oceanscapes with multiple audiences. While CaW specifically set out to transform the way in which actors, stakeholders, and society interact with ocean and coastal spaces, the process of message development has remained dynamic and driven by an iterative co-design process. Using the models described in Section “Context Framing” (Figure 1), CaW has coupled elements more aligned with knowledge generation in natural systems with technological applications and innovative practices to enable more effective translation of actions into products that seek to influence society and society interaction (Figure 2). CaW can therefore act as a translation lens for both knowledge and ways of knowing that may help to catalyze both the spirit of enquiry as well as social learning over time.


[image: image]

FIGURE 2. The architecture for a transdisciplinary collaboration for shared knowledge generation elements that underpins CaW to reflect both cognitive and emotional elements that can support societal transformation for sustainability. The collaboration acts as an integrating interface between both disciplines of enquiry and communication technologies to develop products – in this case artistic representations of waves- to encourage and enable conversations between holders of different facets of knowledge, opinions and perspectives that might not otherwise take place, or would take place in a contested setting.




Technical Development and Innovation

Initially conceived to create an artifact that would embody an exact moment in time, CaW focused on using “captured” waves made of glass in sculptural installations designed to communicate, in a novel way, information about climate change, sea level rise, ocean health and to publicize ocean-related research. These glass artifacts were to visually communicate the complexity of what is happening in a single wave at a single moment of time, and make a connection for the viewer to the intricacy of what was happening, on the surface and internally, in that wave1.

Each wave was generated in a wave tank at the Coastal Studies Institute in Wanchese, NC, United States and photographed from a half-dome 360 degree rig of 16 Nikon D810 36.3 MP full frame digital SLR cameras, capturing as many wave surfaces as possible from a variety of angles. High-speed sync triggers were installed on cameras to synchronize the shutters to within 1/1000th of a second to ensure the cameras fired at precisely the same moment. Agisoft Photoscan Pro modeling software was used to reconstruct the location of the photographs and create three-dimensional (3D) point clouds made up of common points in each picture, resulting in one composite 3D digital image (Figure 3). Transparency and motion issues, caused by the nature of water itself, were solved by spreading sawdust on the water’s surface. The sawdust provided the needed contrast and tracking surface for the 3D rendering software. This digital output was subsequently used to produce a 3D printed replication of the photogrammetrically captured wave. A flexible silicone mold was made of the 3D printout. Wax was poured into the silicone mold creating a wax positive of the 3D printout from which an investment mold was made (mixture of plaster and refractory materials, i.e., silica and grog) into which was placed cold glass (cullet), small colored powders and grains of glass (frit) to add colors that resembled water and sheet glass with text and images printed with glass enamels. The molds filled with this glass mixture were placed into an electric kiln and heated slowly to 1,460° Fahrenheit (794°Celsius) for 40 min then annealed at 900° Fahrenheit (482°Celsius) to remove stress and to make sure the glass is the same temperature at the core and at the surface. The glass is then cooled slowly in three stages to prevent cracking. After removing the mold from the kiln, the investment mold material is removed, and the glass polished with an eight step process (using a series of diamond grits, smoothing materials) until it is clear enough to see into the interior of the wave. To make the smaller waves the glass castings were cut into about 9–12 smaller pieces and each polished so that one can see into the interior of the glass.
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FIGURE 3. The process of wave capture from technical through digital and physical forms (i) Camera rig designed for photographing the water, (ii) the resulting digital image of captured wave and (iii) a glass wave from above.




Message Development and Experience Contextualization

The initial concept of using waves as focal points to generate an emotional and behavioral reaction to ocean and coastal spaces was introduced during a pilot workshop at the Society and the Sea Conference in 2018 (Figure 4). The workshop engaged 20 self-selected conference participants whose interests were aligned to the conference theme of achieving ocean sustainability (specifically in the context of exploration of the value of the ocean and how that can be recognized, communicated and harnessed to contribute to the health, wealth and wellbeing of society). The purpose of the workshop was to engage with a community of interest from diverse disciplines, which included natural and social scientists as well as from the arts and humanities, who could share experiences and provide CaW with opinions on how to evolve art-science integration. This workshop blended both interactive (on-line tools Slido and Padlet and semi-structured discussions focused on linkages and communication, breaking down barriers and opportunity as part of a finding solutions exercise) and PowerPoint and video presentations centered on SDG14. Small hand-sized waves were distributed amongst the participants as a reminder of the workshop and a novel way of staying connected to the project. From the discussions several key messages emerged with respect to how an art-science collaboration could make Sustainable Development Goal 14 Life Below Water more prominent on peoples’ agenda (Future Earth Coasts, 2020):
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FIGURE 4. Interactive CaW interactive workshops from (i) Society and the Sea, Greenwich (2018) and (ii) Art in the Anthropocene, Dublin (2019).



(1) One-size-fits-all to communicate science to other communities/disciplines does not work but requires a suite of media platforms to be used, and which allow others to become part of the conversation between specific events. However, it is important to exercise care when introducing ‘new’ types of media (e.g., Slido and Padlet) that could become a barrier to expression.

(2) Ensuring that workshops provide opportunity for participants to engage in the topic through a lens of their own work and experiences, rather than solely through the lens of the project being presented, is important.

(3) There was a proof-of-concept validation of the approach taken by the CaW project, including the use the glass waves, as a medium to engage and nourish conversations between disciplines that would not normally take place.

(4) The participants reinforced a need to interpret transdisciplinarity as an extension of interdisciplinarity to include stakeholders as practitioners of research (Klenk and Meehan, 2017) with a view to invoke the issue of social inclusion to ensure that those least able to influence political and social processes but often most affected are heard.



These outcomes from the first workshop informed a second iteration implemented during the Art in the Anthropocene (AiA) Conference in 2019 where a CaW installation was coupled with an interactive workshop run twice to accommodate the demand to participate (Figure 4). The two 2-h workshops were delivered at the Science Gallery, Dublin, to a total of 82 self-selected participants from principally artistic and social science backgrounds, but also included youth (below 16 years age), business and civil society. Given the nature of the conference, and un-like the Society and Sea conference, the background of the audience was not primarily environmentally, and coastal/sea, focused but more strongly focused on questions that concern the sustainability of the planet from a societal perspective (Catching a Wave, 2019). Using feedback from the first workshop and in an attempt to adapt the workshop to engage with a different audience CaW made a number of changes to the organization of the workshop, namely:


(1) To broaden the discursive space, this workshop series focused around the five pillars (5Ps) of Agenda 2030 – people, prosperity, planet, peace and justice, and partnership. These pillars have been used in the UN Agenda 2030 (2) to recognize the interlinked and integrated nature of the SDGs and the interconnectedness of factors and interventions that influence human development outcomes.

(2) The waves were approximately four to five times larger than the previously used hand-sized ones and displayed on five individual pedestals creating a space whereby the workshop participants were physically sitting amongst the installation during the workshop and being fully emerged in the exhibit

(3) The waves were modified to include;




(a) Images and text relating to ocean health embedded into the glass waves fusing them so that they folded into the wave but remain legible through the polished sides of each wave and,

(b) Sounds, both human and non-human, were incorporated to each installation piece. Sound, such as waves, dune birds, oysters clicking, and voices of both children and adults created an additional avenue to provide local context for the audience to connect to, as well as provoke an emotional connection to the ocean.

(c) Participants were encouraged to leave any comments, observations, and thoughts behind on post-it notes on any of the pedestals.

(d) As well as the installation, small hand-held waves were handed to participants as they arrived and used as an entry point to engage individually with participants on their background, expectations from the workshop and perspectives on sustainability challenges facing coasts and seas before and after the workshop.

(e) A QR code that linked to the CAW website was sand-blasted onto the bottom surface of hand-held waves to promote longer-term connection to the project.




(4) The main body of the workshop consisted of a series of video presentations to represent each of the 5Ps and each video was immediately followed by a facilitated discussion on how the video linked to and juxtaposed with individual perceptions to the challenges of coastal and marine sustainability.

(5) During both workshops, a graphic artist made a recording of the conversations by visually articulating how the discussions and conversations were formed, and highlighting those aspects of coastal and marine sustainability participants considered most important and urgent, as well as mechanisms for learning (Figure 5).
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FIGURE 5. A graphical recording of the CaW interactive workshop at the Art in the Anthropocene Conference 2019 that captured conversations and observations made by attendees. Graphic Artist: Eimear McNally.


From the CaW side, the intent of workshop discussion was to explore how an art-science partnership could engage with non-scientist audiences to recognize and emphasize what is perceived by the science community as a critical state of the world’s oceans (IPCC, 2019) through a transdisciplinary approach. However, from the workshop participants the discussion revolved around how collaborative efforts such as CaW should work internally to extend beyond interdisciplinarity and achieve a transdisciplinary approach, as well as the need to be flexible and agile in terms of project goals and objectives. The messaging also from the workshops elucidated an increasing desire amongst researchers from more artistic disciplines for optimistic and empowering efforts that unite communities and populations rather than fear-driven efforts that have a more dividing response. In general, it became apparent that whilst natural sciences are comfortable with the drive of the UN Agenda 2030 and the SDGs, there is strong criticism of these initiatives from other disciplines and a perceived lack of societal focus in implementation (Liverman, 2018; Swain, 2018). Outcomes from discussions suggested that:


(1) Trying to set a broader context of SDGs to meet the composition of the audience had the unintended outcome of losing clarity around the place of sciences in the context of the art.

(2) Achieving a balance of synergies and trade-offs between environmental change and impacts on society is challenging.

(3) There is a need to lead with the requirement for a transdisciplinary approach to justify and validate a wider context rather than a focus on specifics (e.g., SDG14).

(4) There are currently weak procedures to assess the art-science collaborative process to evaluate the impact of transdisciplinarity endeavors and their behavioral influences on diverse communities of interest.



Overall, there was validation of the proof of concept in that participants were strongly encouraging that the blending of science and art used by the CaW project presented considerable opportunity to lead to more meaningful engagement across different communities, but the collaboration needed to be widened to ensure transdisciplinarity.



Engagement and Impact

The overall goal of CaW has adapted into the development of a process of engagement and collaboration that enables moving beyond accounting for impacts on coastal and ocean systems to instead address concerns around closing knowledge gaps to specifically empower those who are often left out of the management and usage conversation for a variety of reasons. CaW has therefore been influenced by the desire to contribute to providing new tactile and other sensory experiences that connect recognized and disenfranchised stakeholders to ocean and coastal spaces, specifically shaping that experience with, and for, those likely to be impacted by changes to the system.

With each iteration, CaW has demonstrated learning within the project team across social, ecological, and physical aspects of the oceans while providing space for both cultural identity and technological and social innovation. This approach has allowed the CaW project to move beyond a ‘service mentality’ where science and art products are produced in isolation into the development of an integrated collaboration space that can demonstrate the power and synergies between these disciplines. A critical review of this learning gleaned from the workshops has provided an opportunity for the evaluation of the potential knowledge generation of CaW using both the framework discussed in Figure 1 as well as the ontological logic of interdisciplinarity previously presented (Barry et al., 2008; Born and Barry, 2010).

Barry et al. (2008)’s ontological logic enables the exploration of how CaW processes of scientific and technological production; in the process of creating the glass waves, for example, altering ways of thinking about the relationships between science and art and the objects they produce. A co-benefit from a shift in behavioral responses across different sections of society toward action for more sustainable oceans and coasts would be to reduce gaps in their viewpoint of the UN Agenda 2030 and the SDGs. To date, CaW’s engagement has been largely limited to inherently science-art audiences. This has been critical to both message development and anchoring of the work in local contexts. However, future events are being planned to target a range of different audiences. This will provide a greater opportunity to increase accessibility of outputs to different stakeholder groups and audiences allowing more avenues for impact across scales. Increased engagement is expected to strengthen the evidence and co-designed elements of CaW outcomes.

Technology and artistic innovation have played a large role in CaW’s development as the project’s message has matured from pathways to sustainability toward a vision with a stronger social justice influence. This has included the development of a website2 and use of social media to promote art-science messaging. The inclusion of audio, especially the voices of coastal inhabitants, has provided an additional avenue to anchor the work with personal experiences that describe different aspects of human connection to ocean and coastal spaces. In retrospect, this anchoring has provided profound influence for the project’s own transformation by allowing actors in society to describe the types of knowledge gaps that exist within their own decision making and spheres of influence.



CHALLENGES AND OPPORTUNITIES OF COLLABORATIONS IN THE ANTHROPOCENE

While case studies like CaW can demonstrate the importance of not only transdisciplinary approaches for knowledge generation, they also raise many questions around who is generating that knowledge, and how it is utilized. As social justice becomes a more systemic consideration for the SDGs (Freistein and Mahlert, 2016; Scoones et al., 2020), questions around power and influence over decision making become more pertinent (Bexell and Jönsson, 2017; Fukuda-Parr and McNeill, 2019). A series of multiple, often contested, pathways for guiding societies toward sustainability have been identified with controversies emerging between weak and strong sustainability (Dietz and Neumayer, 2007; Neumann et al., 2017), between techno-centrism and eco-centrism (Audet, 2014), between adaptation and transformation (Dow et al., 2013) and between reformist and revolutionary positions (Geels, 2011; Geels et al., 2015). This contested space, all argued from a position of evidential strength, highlights the need for a more negotiated process that can develop clear bargained objectives where, both at individual and collective scales, the many technical and/or technocratic solutions that are presented by disciplines can be evaluated and re-evaluated to determine a positive way forward.

Art-science collaborations offer a way to structure the discussions that arise at each decision point on the sustainability route. Art offers a way of creating a platform that allows different perspectives and different conversations to take place in order to negotiate or bargain which pathway or which approach society may want to adopt in that journey. In this way, the model presented in Figure 1A becomes a series of feedback systems for potential persuasion as well as knowledge generation (Figure 6) that is underpinned by the constructs in Figure 1B. The feedback loop provides a mechanism for the needs of society to influence the knowledge that is being generated by art, science and technology or any combination of the three. Therefore, this re-imagined space creates a strong opportunity to fully engage with issues raised under a social justice lens in the future as well as provide an avenue for society to actively define knowledge needs. Acknowledging that collective action and behavioral change, at all scales, is strongly dependent on networks and flows of information between individuals and groups and the relationships and patterns of reciprocity and exchange, rupturing the engrained status quo of divisions across and between academia and society offers solutions spaces rather than dictates destinations.


[image: image]

FIGURE 6. A model of knowledge generation that is responsive to the needs of society and allows reciprocity and exchange between and within disciplines.


While the literature and concepts discussed in this paper, as well as the case study, demonstrate transdisciplinary benefits, it must also be recognized that there are methodological and collaborative challenges necessary for such endeavors. This reality has stimulated critical reflection on practice and limitations in traditional disciplinary evaluation methods (e.g., Muller et al., 2015; van Mierlo and Beers, 2018) but also allowed space from reframing art-science intersections as ‘shared encounters with politics and environmental change’ (Gabrys and Yusoff, 2012). While there are two central themes that resonate within current art-science collaborative practice: (i) the ability to engage diverse publics (Gabrys and Yusoff, 2012; Lesen et al., 2016) and (ii) the ability to ‘do’ social, cultural and political work (Gibbs, 2014; Galafassi et al., 2018), there is evidence that expectations of artists and scientists may differ as a consequence of disparate training, methods, values, vocabulary, funding, and income (Lesen et al., 2016). If art-science collaborations are visualized on a spectrum, at the ‘service mentality’ end artists might take inspiration from science but not work directly with scientists, and likewise there might be scientists making art without direct contact with artists. At the other end of the continuum, integrated partnerships between artists and scientists have been gaining in popularity as an intellectual practice, however, disciplinary integration remains a difficult obstacle to overcome.

Nevertheless, within the sustainability and climate change arena, increasingly framed within the concept of the Anthropocene (Crutzen, 2006), integrated, co-designed and co-produced, challenge-led collaborations can provide the innovation needed to allow the visualization and realization of solutions and pathways to sustainability become more reachable from a local to global scale across social and political spectra (Reed and Abernethy, 2018). As Biermann et al. (2016) state ‘The Anthropocene is now being used as a conceptual frame by different communities and in a variety of contexts to understand the evolving human–environment relationship.’ The authors go on to state that ‘…the Anthropocene can be a useful conceptual frame only when it is viewed from a cross-scalar perspective that takes into account developments at local, regional and global levels, variant connections among these levels and issue domains, as well as societal inequality and injustice’ (Biermann et al., 2016). The power of the Anthropocene concept, therefore, is in examining and amplifying (i) complex normative understanding (making pervasive inequalities more visible); and (ii) novel directions for better governance, from local to global (Biermann et al., 2016) including increasing centrality of actors from the whole myriad of social structures. This contextualized, localized and social understanding of the Anthropocene, sensitive to global inequalities and disparities, can contribute to new insights into global and local interconnectivities relevant to the delivery of the SDGs and other international conventions (e.g., the New Urban Agenda, Paris-COP21, and the Convention on Biological Diversity).



CONCLUSION

There is precedent for urging against modernist metaphors of ‘building bridges’ across disciplinary divides and instead for ‘plunging into the river together, rather than attempting to bridge it’ (Head, 2011) that supports the notion that insights from both the arts and sciences will be needed to overcome maladaptive practices by practitioners and society alike common in the Anthropocene. Art-science collaborations aim to transcend practices that compartmentalize knowledge, instead catalyzing innovations by cross-pollinating disciplinary processes and products (Leimbach and Armstrong, 2018). While art-science collaboration is often touted as ‘transformative’ resulting in changes in perspectives or insight by facilitating engagement with the public or with stakeholders and subjects of science, mechanisms that begin to measure this impact-to-influence remain challenging (105). Quantitative methods (visitor numbers, citations, etc.) do not provide the data needed to determine the value and benefit of aesthetic engagement, while conventional qualitative evaluations are insufficient because they do not assess value beyond their disciplinary value structures. This research space opens several potential avenues of novel investigation in the future.

Studies have recognized that environmental issues and societies responses to them are in themselves a competitive space (Tiller et al., 2019). The process of understanding the need for significant systemic changes in practices, informed by scientific analysis of trends, acknowledging local knowledge and ways of knowing, and taking stock of social-ecological system constraints and opportunities for transformation is critical to the approach described in this paper. The multifaceted challenges of coastal and ocean sustainability cannot be addressed by science alone. While it is often easier to describe the problem rather than to agree on the actions that need to be taken in specific contexts to address those risks, the demand for innovative research and practices that ‘think outside the box’ – with new modalities of transdisciplinary action research that complement traditional disciplinary research is growing rapidly. There is an urgent need for new means of representation to convey the complexity of environmental change, and a growing recognition of the limited ability of science alone to influence policy change. Sustainability and climate science are the latest to acknowledge the urgency to rupture this status quo in order to enable action.
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