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1. Introduction

The recent Intergovernmental Panel on Climate Change (IPCC) advised: “climate change is a grave and mounting threat to our wellbeing and a healthy planet” (2022, p6).  Unless organisations support the transition to a Circular Economy (CE) we will not achieve UN climate goals (Ellen Macarthur Foundation, 2021). The public sector has a significant role to play in supporting the transition to a circular economy as it employs 31.2% of the workforce (StatsWales, 2024), in Wales the location of this study, and spends over £8b on public procurement annually (Welsh Government, 2023). The Well-being of Future Generations (Wales) Act 2015 (WFGA) has placed statutory obligations on Public Service Organisations (PSOs) in Wales, to make decisions cognizant of future generations.  These challenges have highlighted the requirement for PSOs to enhance their innovation capabilities (Arundel et al. 2019).  This paper reports on a regional intervention (executive education programme) delivered in Wales, the Circular Economy Innovation Communities (CEIC) project, funded by regional government. This paper presents empirical data from ninety-two questionnaires and twenty-eight thin cases studies collected from PSO practitioners that coproduced new service solutions that implemented circular economy principles through participation in the CEIC programme.  The paper also presents quantitative data from surveys issued pre, during and after participation in the programme.  The paper provides an analysis of the value of challenge led inter-organisational communities of practice as mechanisms to transform regions, the specific tools (content) introduced, and the pedagogical methods employed.  

2. Literature
2.1 CE Education

A structured literature review was conducted to identify, select and synthesise academic research relating to the pedagogical approaches and innovation methods of interventions that develop practitioner CE understanding and their efficacy.  The literature review also considered literature reporting on organisational approaches to developing innovation capabilities of practitioners and public service organisations innovation processes.  Academic research has grown considerably since the Ellen McArthur Foundation popularised the CE concept with seminal publications in 2013 and 2015. Most papers written on the development of CE capabilities begin by placing it within the teaching of sustainable development and are associated with further and higher education, within schools of engineering, management, and urban geography (González-Domínguez et al., 2020; Sumter et al., 2021). The most common conceptualisation of CE is the ‘how to’ logic of combining a reduction of waste, re-use and recycling of materials and products (Ness and Xing, 2017). A ‘conceptual muddle’ exists (Kirchherr, Reike and Hekkert, 2017) and therefore ways of either imparting or creating new CE knowledge varies (Kirchherr and van Santen, 2019). Contemporary commentators (Kirchherr and Piscicelli, 2019; Kircherr, Reike and Hekkert, 2017; Kircherr, 2019) argued for a clear conceptualisation of the CE to ensure CE policy and curricula are developed with common goals.  The conceptual ambiguity might present a barrier for researchers and for implementation of CE principles by practitioners.  This could be addressed by the presentation of case studies that outline implementation of CE principles within PSOs and an analysis of an effective CE intervention. 

All education programmes and interventions are underpinned by theories of learning (pedagogies) to achieve learning outcomes (Wenger, 2000). Research on the application of contemporary pedagogies in teaching CE suggests systems thinking, critical thinking skills, collaborative problem solving, decision making, and teamwork have all featured in contemporary CE curriculum (Scalabrino et al, 2022). Critical thinking and systems thinking are crucial to transition from unsustainable business models and lifestyles to a functioning circular economy (Kirchherr and Santen, 2019). Scalabrino et al. (2022) highlights the need for critical thinking and disruptive innovation in many global consumer-based and production-focused organisations. Research suggests that ‘tier one producers’ can influence and encourage transition to a circular economy if they can develop more critical and reflective leadership throughout their organisations to support the transition to a circular economy (Huckle 2012; Kopnina, 2018).  

Peer to peer interaction, individual feelings, human values, systems perspectives and the need for reflective and critical thinking are crucial parts of contemporary CE pedagogy (Walpole et al., 2022; Scalabrino et al., 2022; Bugallo-Rodríguez and Vega-Marcote, 2020; Kopnina, 2018). Constant re-evaluation and re-assessment of both personal and organisational behaviours are vital for successful CE implementation. It is argued CE pedagogical development should embrace workplace and life contexts and embrace lifelong learning principles (Schumacher, 1997). CE pedagogy should offer in-depth CE experiences that stimulate transformative, high level learning experiences (Sterling, 2011; Liu et al, 2022). Scalabrino et al. (2022) suggests pedagogies that engage learners to apply contemporary models and embed reflective learning, which question organisational and personal assumptions and existing organisational strategic priorities. Walpole et al (2022) suggest interventions that embed Social Learning theory (Bandura, 1977) and reflective practice (Gibbs, 1988) within a programme that formally creates and supports ‘networks of change makers’ (Hanna et al., 2018), can bridge the gap between national and regional development, in the form of Communities of Practice (Lave & Wenger, 1991). Communities of Practice offer an established mechanism for connecting practitioners with a shared interest (domain), hitherto primarily used to facilitate knowledge transfer across expert communities, which enables practitioners to enhance their ability to manage uncertain and complex situations (Agrifoglio et al., 2021). Existing research suggests further exploration of collaborative innovation, using case studies, to substantiate claims and evaluate benefits of collaborative versus bureaucratic innovation (Torfing, 2018). 

Marouli (2016) reviewed the different educational approaches to developing CE capability and suggested the transition to a CE requires a significant systemic transformation that requires changes at the social, structural and the individual level. She argued the transition requires a change in basic assumptions (paradigm shift) with more focus on systemic change and empowerment of people across society. Marouli (2016) suggests education that supports leading individual and organisational change, innovation processes, social transformation and collaborative working is required. Mishra et al. (2021) suggest that the diffusion of CE knowledge can be achieved through company interaction, within a supply chain, a sector or a region and collaborative working could allow experimentation, creating a structured process to new service solution development that could be augmented with data use to enhance learning and the potential of new CE ventures. 
[bookmark: _Toc118463070][bookmark: _Toc128996472]2.2 Innovation in the public sector
There are bureaucratic similarities between the public and private sector and yet the absence of competition and profit motives in the former creates different motivations for innovation (Demircioglu and Audrestch, 2017). Public service innovation often occurs on an ‘ad-hoc’ basis, such as in response to regulatory change, declining budgets, or due to demand for new services (Arundel, Bloch and Ferguson, 2019). However, innovation should be underpinned by an ongoing strategy that increases organisational capabilities to, in turn, increase innovative outputs (ibid). Collaborative innovation offers an alternative approach to innovation that is particularly applicable to the public sector as they offer knowledge transfer between relevant actors, encouraging mutual learning to improve understanding of challenges and potential solutions (Torfing, 2018) and with collaboration involving the management of differences to discover joint solutions to common problems (Gray, 1989). 
Research suggests design-led social innovation could support the development of effective public sector services (Walpole et al, 2022; Thorpe and Brass, 2012).  Policymakers have identified the major strategic role that PSOs play in the transition to a CE – on account of their visibility, role in informing and making policy, and significant spending power (European Commission, 2015). However, to date, CE engagement within PSOs has built upon established sustainability policies, focusing primarily on recycling waste and the procurement of products that are refurbished or contain recycled materials (Klein, Ramos and Deutz, 2020). These innovations are important, they are the ‘low hanging fruit’, and remanufactured products do not fundamentally change the volume of resources required to deliver a public service. Meanwhile, focusing on services that are intended (or mandated) to deliver against environmental targets risks missing the ‘hidden’, more intractable emissions associated with broader public sector activities. This evidences a need to capture wider engagement with CE in the public sector in Wales, made explicit in the recent publication ‘Beyond Recycling’ (Welsh Government, 2020).
3. CEIC approach
The ‘challenge led’ Circular Economy Innovation Communities (CEIC) project created inter-organisational Communities of Practice (Lave and Wenger, 1991) of public service practitioners to enhance organisational dynamic capabilities (Teece, 2009) and facilitate regional working.  The programme supported practitioners to develop open innovation capabilities in line with assertions in the literature (Mergel & DeSouza, 2013), leverage the value of Communities of Practice (CoPs) within formal development programmes (Smith et al. 2018), and apply design thinking to develop new service solutions in collaboration with users (Harhoff & Lakhani, 2016).  The CEIC project was informed by dynamic capabilities theory (Teece, Pisano and Shuen, 1997; Teece, 2007).  The programme enhanced organisational dynamic capabilities through the development of practitioners innovation capabilities within cohorts of public services managers.  Social learning within multi-actor innovation networks is identified as crucial for addressing sustainability in regional development contexts, allowing practitioners to observe a diverse range of perspectives, interests, and values to instigate sustainable practices and policies (Sol, Beers and Wals, 2013). 

The CEIC programme, outlined in Figure 1 below, was designed to enhance innovation skills, knowledge, and expertise as well as the paucity of interaction between PSOs.  The practitioners were supported to co-create new service solutions (NSS) to common challenges through application of innovation tools, within the design thinking (NESTA, 2017) methodology underpinned by a social learning theory pedagogy (Bandura, 1977).  Furthermore, the inter-organisational CoP provided a ‘safe fail’ environment (Snowden, 2007) where practitioners leveraged multiple practitioner knowledge sets through an iterative ‘test and learn’ (Lugnet, Ericson and Wenngren, 2020) NSS process, therefore mitigating design and implementation barriers.   

Figure 1: The CEIC programme schematic (source: the researchers)
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Given the importance of public-sector innovation to the just transition to a circular economy and the related personal and professional development that flows from successful innovations (Halvorsen, Hauknes, Miles and Roste, 2005) the empirical data aims to answer the research question ‘what pedagogical methods and innovation theories can enhance PSOs capabilities to support the transition to a circular economy’.   

Methodology
To address the research questions a multi-stage methodology was developed and the data analysed with the theoretical framework of Interpretative Phenomenological Analysis (IPA). Quantitative data was obtained via three online surveys (innovation audit, interim and exit) distributed by the CEIC programme team.  The audit (introduction survey) was completed by 129 of the 151 participants, the interim questionnaire was completed by 78 participants and the exit survey completed by 97 participants.  Whilst there is an inevitable danger in verifying the ‘truth’ of such virtual feedback to on-line survey questioning, Hookway suggests the replies “tell us something about the manner in which specific social and cultural ideas are constructed” (Hookway, 2008, p78). 

An instrumental case study approach was utilised to analyse how participants described the development of their CE new service solutions and their experience of the programme (Stake, 1995; Barbour, 2014). Qualitative data was collected via semi-structured interviews, unstructured interviews and focus groups to develop twenty-eight short case studies that documented the progress of the challenge their group developed, as part of the challenge-led programme. The researchers used the qualitative data to compile a three page ‘thin case study’ and the interviews were transcribed for thematic analysis.  The written thin case studies were complemented by short video clips. In line with the IPA research approach evidence of ’place of work’ was captured through video material, which acted as a stimulus for post-project reporting as well as providing material for organisational climate analysis. The participants organisations varied in their size, structure, and core purpose. The study adopted Systems Theory (Katz and Khan, 1978) as the background theory as it suggests public and third sector organizations are part of a system which is subject to statutory, regulatory, economic and social forces. It also suggests that organisations should treat natural resources and materials like natural systems where materials are not wasted, and symbiotic relationships can be developed (Raworth, 2018).


4. Conclusions

This study provides useful insights on a novel pedagogical approach to support PSOs to implement CE principles, within Wales, a region of the UK.   If policymakers and practitioners are to heed the stark warnings of the IPCC (2022) and transition to a CE, this study should be of value. The study shall highlight the challenges of implementing CE within organisations and the pedagogical processes and practices that have proved effective at developing dynamic capabilities. The academic literature reviewed exposed ambiguity in the understanding of how CE innovation is diffused and how organisations effectively develop CE understanding and implementation capability (Goyal et al, 2021).   
A crude analysis of the empirical data obtained is consistent with nascent literature on CE organisational development, which suggests ‘self-organisation’ and ‘critical reflection’ are key behavioural elements in the development and sustainability of CE initiatives. Contemporary pedagogy mechanisms are required to develop organisational dynamic capabilities that enable implementation of CE principles.  The study suggests that social learning (Wenger, 2000) pedagogical practices are effective at developing internal knowledge. An appreciation of systems thinking is required and ‘disruptive innovation’ skills are necessary. The data suggests ‘challenge-led’ inter-organisational programmes and mechanisms like ‘knowledge exchange networks’ or ‘communities of practice’ can support a place-based approach to the transition to a CE.  
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