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Abstract. Addressing the complex challenges of climate adaptation requires transdisciplinary collaboration that bridges 

diverse knowledge systems across cultural and disciplinary boundaries. This paper presents insights from the "Climate Action 

Transdisciplinarity in Education and Research" (CATER) project, which implements game co-creation as an educational tool 10 

to foster transdisciplinary and transcultural collaboration on climate adaptation. Through annual schools, participants from 

diverse scientific, professional, and cultural backgrounds engage in an immersive learning process that integrates theoretica l 

lectures, field visits, and collaborative game design. Participants develop games addressing real-world climate adaptation 

issues, including agricultural resilience, probabilistic forecast communication, and resource conflicts, thereby translating 

complex concepts into immersive, educational applications. In this paper we reflect on the co-creative process as it took place 15 

during two schools in 2023 (Kenya) and 2024 (Tanzania), and discuss game co-creation as boundary work, how it facilitates 

mutual learning and applies soft skills, while participants negotiate power dynamics, knowledge integration, and group 

facilitation challenges. A complementary evaluation using Q-methodology assessed changes in participants’ perspectives on 

transdisciplinarity and co-production, revealing a shift from disciplinary viewpoints toward greater appreciation of 

collaborative, inclusive approaches in climate adaptation strategies. The findings highlight game design as an effective medium 20 

for experiential learning and transdisciplinary boundary work, although challenges remain regarding power imbalances, 

language barriers, and group dynamics. Importantly, the combination of game co-creation and systematic evaluation with Q-

methodology offers a promising approach to enhance and assess transdisciplinary collaboration. Future CATER schools will 

allow us to refine these methods. 

1 Introduction 25 

Facing climate adaptation challenges is becoming an everyday reality for many (Banholzer et al. , 2014; Hoppe et al., 2014; 

Berrang-Ford et al., 2019). Adapting to the multi-scaled impacts of climate change requires collaborations that transcend 

science-society boundaries and that integrate perspectives, knowledge and capacity into transdisciplinary strategies that are 

both robust over time and resilient to shocks. 
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To facilitate such collaborations and knowledge sharing, there is a need for co-productive modes of interaction between 30 

researchers and stakeholders which not only allow for different expertise, backgrounds and priorities to be brought to the table, 

but that allow for co-production of knowledge that is more than the sum of its parts (Bremer & Meisch, 2017; Hilger et al., 

2021). To do so, innovative methodological tools are needed to foster synergetic knowledge co-production at a pace and 

intensity (Costa et al., 2022) suitable for a given adaptation context. 

Co-producing suitable strategies for climate adaptation is, however, not a one-off exercise. A potential future with unstable, 35 

extreme and high-impact climatological conditions suggests a continuous need for science-based adaptation. This also means 

that there will be an ongoing, and likely growing, need for future professionals that are able to understand the complexity of 

these issues and who can promote transformative collaboration (McClure et al., 2024). In other words, climate adaptation 

requires self-reinforcing collaborations that not only feed off transdisciplinary capacity, but simultaneously nurture it from the 

bottom up. 40 

In this paper we explore the potential benefits and challenges of a multi-method approach based on game co-creation to foster 

and assess the transfer of transdisciplinary and sustainable knowledge about climate adaptation. The approach has been 

implemented within the context of a series of schools as part of the project “Climate Action Transdisciplinarity in Education 

and Research” (CATER). The project aims to create transdisciplinary cooperation for mutual learning between global north -

south contexts, linking science to action, and building leadership and confidence of students, early-career professionals, and 45 

practitioners on the frontlines of climate action. The paper gathers evidence from two schools; one organized in Kenya in 

November 2023, and a second in Tanzania in October 2024 (more details follow in the next section), with participants from 

primarily African and European countries.  

As a key pedagogical structure of the schools, we developed and implemented an approach that combines immersive game-

based exercises, where participants are both creators and players of games focusing on climate adaptation challenges. With the 50 

term “game”, we refer in this work to what has often been defined in the literature as ”serious game” - i.e. game with a purpose 

other than just entertainment. Serious games have been used for a variety of objectives, such as research, raising awareness, 

promoting social learning and enhancing collective discussions among different stakeholders (Speelman et al. , 2018). Their 

use in sustainable resource management contexts has been widely documented as a means to explore socio-ecological system 

complexity, facilitate conflict mediation and promote collective decision-making through simulation (Madani et al., 2017; 55 

Rodela et al., 2019; Ruankaew et al., 2010; Wesselow & Stoll-Kleemann, 2018). Furthermore, games are increasingly being 

used to support climate change research and practice, with an emphasis on decision-making for climate adaptation across 

various timescales and sectors (Flood et al., 2018). 

Within the CATER schools, the process itself of co-creating a game is an educational tool to foster transdisciplinary 

collaboration. Co-creating a game involves participants putting themselves in others’ shoes, taking on different roles, and 60 

integrating diverse knowledge and perspectives into a shared understanding of complex social and ecological systems, made 

tangible by the game format (Kriz, 2004; Lankford & Craven, 2020). This approach prompts them to anticipate various 

outcomes that can arise from a process of playful, yet profound learning (Arnab et al., 2019; Morini et al., 2022). The game-
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based exercises created a format for exploring challenges and opportunities for science-society interactions around climate 

adaptation at a micro-level. By engaging in collaborative game design, CATER school participants delved into the complexities 65 

of climate adaptation, negotiating power dynamics, and enhancing their critical thinking and problem-solving skills in real-

world contexts. The main goal was to evoke transformative learning experiences, in order for participants to internalize 

transdisciplinary interactions and enabling application of learning outcomes in their respective professional spaces.  

However, the outcomes of game experiences are often difficult to measure and drawing conclusions about their added value 

is a major challenge (Den Haan & Van der Voort, 2018). Several papers on game approaches identify a need for combining 70 

gaming with a more systematic evaluation approach that allows for assessing the knowledge co-creation process and its impacts 

(e.g., Mayer et al., 2014). In our approach, we complemented the game-based learning with an assessment based on Q-

methodology (Brown, 1993). Q-methodology is a valuable tool for eliciting systematic insights about people’s subjective 

assessments about virtually any topic of interest. It is especially useful for identifying underlying structures of subjectiv ity 

(Zhou & Mayer, 2017) on topics of which people may have diverging views (Eden et al., 2005). As such, systematic 75 

assessments of ‘messy’ co-productive learning processes combined with structured reflections can contribute to a robust 

foundation for further research and transdisciplinary collaboration. Thus, the purpose of the Q-method assessment was to 

evaluate the school's impact on the participants’ sense of transdisciplinarity, co-production and power dynamics in the climate 

adaptation space. In particular, we aimed to test the hypothesis that divergent perspectives will have a tendency to converge 

after attending a CATER school, as participants learn about climate services from multiple disciplines and learn from their 80 

peers. 

In the following subsection, we describe in more detail the context and the transdisciplinary approach of the CATER schools. 

Then, we present our methodology by describing the co-creative game exercise, the observations and debriefings conducted, 

and the assessment procedure of the impact of the school on participants perception. In the Results section, we analyse the 

game prototypes produced by the participants, we reflect on group dynamics in the game co-creation process, and we show 85 

the results from the Q-method assessment. Our reflective discussion highlights how game-based exercises provide a means of 

engaging in transdisciplinary boundary work, how co-creating game-based solutions are both challenged by and benefiting 

from cultural, social, disciplinary and individual variety, and how learning outcomes emerge at personal, group and school 

levels. We wrap up with an outlook towards limitations of the approach and implications for future schools that will be 

organized in our project, as well suggest relevant lessons that can guide other initiatives that aim to build on game-based 90 

learning as a method for enhancing sustainability transformations. 

1.1 The CATER school 

The CATER project (2023–2028) gathers scientists involved in co-developing climate services with stakeholders from both 

private and public sectors in Africa and beyond. The aim is to create “an environment where students, early-career researchers, 

lecturers, and practitioners across disciplines and sectors can together learn, discuss and re-interpret the latest knowledge at 95 

the forefront of climate risk resilience and action in Sub-Saharan Africa” (www.caterschools.net). The rationale behind the 
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project is a belief that transdisciplinary and co-production processes are key to nurturing social engagement, equitable power 

distribution, inclusivity, socially legitimate, context-driven and decision-relevant services, while forging a much-needed closer 

relationship between science and society. CATER is funded under the INTPART programme (https://hkdir.no/en/programmes-

and-grant-schemes/intpart), which is administered by the Norwegian Directorate for Higher Education and Skills and the 100 

Research Council of Norway. Its partners are from Norway, France, and South Africa, and the programme is linked to the 

Norwegian government’s PANORAMA strategy for cooperation on research and higher education with Brazil, Canada, China, 

India, Japan, Russia, South Africa, South Korea and the USA (cooperation with Russian partners was suspended in 2022). 

Throughout the project period, CATER organizes annual 10-day schools. These schools gather about 10 lecturers and 20–25 

international students. Having both students and lecturers immersed in a multicultural environment allows for exploring 105 

pathways for successful transdisciplinary collaborations through the co-creation of games. Moreover, the school schedule 

fosters interactive activities combining theoretical, methodological, reflexive sessions with field trips, where participants  are 

encouraged to share their experience and knowledge (local, tacit, and practical) to enhance understanding between the physical, 

socio-economic, and cultural aspects of climate change mitigation and adaptation. Although climate risk governance is context-

based, challenges related to linking science to action are often similar across contexts, with opportunities for mutual learning 110 

within local contexts and across continents. 

1.1.1 Diversity of the participants’ profiles  

The CATER school participants were selected by the school organizing committee based on their motivation, capacity to 

contribute to and benefit from an English-language work environment, as well as criteria ensuring a balanced diversity in terms 

of gender, nationality, professional status, scientific background and experience with inter- and transdisciplinary 115 

collaborations. In terms of cultural backgrounds, the first two editions of the school gathered participants worldwide, but 

mostly from English-speaking African countries, and western Europe, in particular Norway and the United Kingdom (Fig. 1). 

Although most of the 44 total participants were residing in Europe (24) or Africa (17) when they applied to the schools, a large 

majority of the participants have experience living or working in one or multiple countries other than their country of origin.  
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Figure 1: Countries of origin/residence of the 2023 and 2024 school participants. 

The geographic distribution can be largely explained by the CATER project partners' locations and professional ties with these 

countries. Additionally, with the English language advertising and application submission, most participants speak English as 

their first language or master it as a second language through living or studying in an English-speaking country (Fig. 2a).  

In terms of scientific and professional backgrounds, the majority of participants were either PhD students, postdoctoral 125 

researchers, or master’s students, evenly distributed between social and physical sciences disciplines. The distribution vari ed 

according to the participants' country of residence, with practitioners being less numerous but more predominantly based in 

Africa (Fig. 2b).  

 

Figure 2: Participants' characteristics, including (a) the percentage distribution according to their proficiency in the English 130 
language, and (b) the distribution of their professional fields across different regions of residence. 

In summary, the origin of the participants in each of the school sessions reflects the cultural and professional diversity that 

often characterizes transdisciplinary collaborations. This diversity is a source of richness for its plurality of knowledge, life 
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experiences and viewpoints, but it is also a challenge in dealing with language and cultural barriers and unbalanced power 

dynamics that may cause misunderstanding and tensions.   135 

1.1.2 School organization and content  

The overall school program alternated between theoretical and practical modules encompassing climate science, social science 

and the humanities (see the 2024 version of the school program in Fig. A1 in the Appendix). Moreover, it aimed to co-create 

a common knowledge base and toolkit to develop transdisciplinary soft skills. The learning sessions aimed to provide space 

for self-reflection on current practices, as well as practical exercises using techniques building on collective intelligence, such 140 

as writing a set of shared behavioural guidelines for group activities (Galesic et al. , 2023). Self-reflexive sessions spurred 

discussions around principles, ethics and values in climate services, of transdisciplinary approaches to climate services, as  well 

as climate justice and power issues. Even though the school’s curriculum only skimmed the surface of the range of knowledge 

and skills specific to these subjects, the aim was to cultivate openness, sensitivity and curiosity of these elements in a cl imate 

adaptation context.  145 

As an introduction to game co-creation, the participants played previously developed climate-related games during the first 

days of the school. This served as an example of how games can be used in climate adaptation processes, thus inspiring group 

work both practically and thematically. Two games were played during the two first school editions: “AnyCAT”, an adapted 

version of “ANYCaRE” (Terti et al., 2019), a table-top collaborative role-playing game to explore the value of probabilistic 

forecasts on emergency management decision-making and communication strategy; and “Melkeværet” (Vigna et al., 2024), a 150 

board game coupled with a digital interface on weather forecast information for agriculture.  

2 Methods 

2.1 Game co-creation 

On the first day of the schools, participants were assigned to groups of five or six people, to co-develop a game that addresses 

a climate adaptation challenge. The exercise was intended as a common thread during the course of the school, linking the 155 

school's learning activities and enhancing critical reflection on the content. The participants were encouraged to integrate 

content, insights and reflections from the school lectures into their games. The groups were pre-selected by the school 

organizers to maximize internal diversity in terms of scientific expertise, professional skills, gender, and cultural background, 

to simulate real-world exposure to challenges and opportunities of a transdisciplinary co-production process.  

An introduction to concepts and approaches in game design was provided at the beginning of the schools. The guidelines 160 

structured the game development process into four steps, adapted from the Triadic Game Design approach (Harteveld, 2011):  
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1. Setting the aim of the game, the target audience and the format (board games were encouraged). This step mainly 

refers to the “meaning” component of the game as described in the Triadic Game Design approach, i.e. the effect that 

the game is meant to produce in the real world; 

2. Conceptualizing the socio-ecological system represented. This step refers to the “reality” component, i.e. the 165 

representation of the real world inside the game; 

3. Building the mechanics of the game, such as defining the players’ roles, the characteristics of the board, and the 

rounds’ structure. Here we referred to the “play” component, which involves the elements of the tool itself and is 

directly connected to the game design discipline; 

4. Defining the structure of a game session, such as the number of participants and their arrangement in the room, or a 170 

list of predefined questions to lead the debriefing following the game-play. This step targets the implementation of 

the game and is meant to ensure the correspondence between its “play” and “meaning” components. 

The groups were given time each day to work on their game design. Since the focus of the activity was to learn through the 

co-design process and not on the final output itself, the groups were not expected to develop a completely finalized and 

operational game, but rather a working prototype that could potentially be further developed in the future.  175 

The two editions of the school resulted in eight board game prototypes (four each) focusing on different challenges related to 

climate adaptation (Table 1). The topics included communication of climate and weather information, climate-induced 

conflicts over resources, international mitigation and adaptation policy negotiations, power imbalance in climate adaptation 

systems, integration of scientific and traditional knowledge, and agricultural adaptation strategies to a changing climate.   

Table 1: Overview of games created by participants of the CATER schools in 2023 and 2024. The information in this table was 180 
collected by the authors based on the participants’ presentation and game-test session held at the end of the school. 

School # Game 

title 

Topic Format 

Kenya, 

2023 

1 Grazing 

Grounds 

Conflicts between communities of 

pastoralists and farmers in Ethiopia.  

Role-playing game with three roles (farmer, 

pastoralist and NGO representative) 

2 Wanna Be 

@ COP28 

International negotiations on resources 

for climate change mitigation and 

adaptation. 

Board game focusing on negotiation. The 

players represent countries with different 

needs and interests. 

3 Pastoralist 

Cater 

Land 

Challenges faced by pastoralists in East 

Africa in relation to exposure to drought, 

which pushes them to search for 

resources. 

The players represent pastoralists and move 

physically on a room-sized map drawn on the 

floor. 

4 Land of 

the GOAT 

Collective decision-making under 

climate uncertainty and limited shared 

resources, in the context of goat farming 

Board game focusing on decision-making 

related to the interpretation of seasonal 

forecasts. 
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in East Africa. 

Tanzania, 

2024 

5 - Seasonal forecast probability 

communication and plurality of 

knowledge sources, in the context of 

agriculture and farming adaptation to 

variable conditions. 

Board game inspired by poker mechanics. 

6 - Suitability of different forecast time leads 

and communication channels for climate 

events preparedness. 

Board game where the players represent 

different weather information providers. 

7 The Crop 

Survivor 

Importance of crop diversity for 

resilience to different climate events in 

Malawi. 

Board game where the players represent 

farmers, focused on crop variety choices in 

relation to seasonal forecasts. Coupled with a 

digital forecast simulator. 

8 (Do Not) 

Exploit 

the 

Farmers 

Power imbalances between farmers and 

extension officers 

Role-playing game where one participant 

plays the role of an extension officer, while 

the others assume the roles of farmers. 

2.2 Observations and debriefings 

The game prototypes were not evaluated per se but instead a final game session was organised at the end of the school. Each 

group ran a short test session of their prototype involving the other groups’ members as players or observers. After each game 

demonstration, a debriefing session allowed to collect feedback from both participants and lecturers on how to improve the 185 

games and reflect on the challenges and strengths encountered by the participants during the game co-design process.   

In addition, the school’s outcomes were analysed with the help of several evaluative elements. Firstly, observations of the 

group work activity, as well as informal feedback from group and break-time discussions, were noted and discussed among 

lecturers after each school day. These staff discussions were aimed at making any needed adjustments for the next day’s content 

or structure, but also provide a daily summary of positive and negative outcomes of the day. Second, one group each day was 190 

expected to take daily notes which provides a record of the activities and discussions. Finally, on the last day of the school, a 

debriefing session dedicated to a general evaluation of the school experience was conducted. The debriefing was carried out 

through a collective discussion guided by the lecturers, during which we encouraged the participants to share their feedback 

on the school content, the resources made available and the game group work. We also asked them to share their thoughts 

about their main takeaways and the aspects of the learning content that aligned with their previous knowledge and experience. 195 

Although everyone was encouraged to share, participation in the discussion was voluntary.  Lecturers took notes of the 

contributions. 
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2.3 Perception impact assessment 

One outcome of the 2023 edition of the CATER school was the recognition of a need for a more formal and objective way of 

evaluating the impact of the school learning environment for participants. Although survey instruments can often be used to 200 

evaluate learning objectives, we wanted a tool that better enabled us to evaluate how ideas shift relative to peers. In line with 

this, during the 2024 CATER school we employed a Q-method assessment before and after the school to understand how 

perceptions of climate challenges and transdisciplinarity changed over the span of participating in the CATER school 

curriculum. The aim was to test the hypothesis that divergent perspectives will have a tendency to converge after attending the 

school.  205 

Q-method is a mixed-method approach used to study subjectivities in many subject areas, including conservation and 

sustainability research (Sneegas et al., 2021; Zabala et al., 2018) and educational research (Lundberg et al., 2020). Certain 

other studies have also similarly mobilized the Q-methodology for assessing impacts of interventions (Davies and Hodge, 

2012; Freie, 1997; Walton, 2013). For our assessment, we asked school participants to rank 23 opinion statements related to 

climate services according to a forced semi-normal grid. The statements were related to transdisciplinarity in climate action 210 

and developed based on semi-structured interviews with six international subject specialists, as well as from literature and 

media sources. The original 72-statement concourse reflected a heuristic framework of tensions in method (product vs. 

process), knowledge (scientific vs. local), and expertise (technical vs. interpersonal), capturing stylized extremes of 

transdisciplinary climate adaptation practices. The final set of statements were selected to represent diverse themes without  

redundancy and refined for clarity and relevance to the subjects covered during the school. Participants were asked to rank 215 

autonomously the statements by means of a guided online procedure before and after attending the 2024 school, which was 

then used to observe changes in perceptions.  

To carry out the Q-sorting process, we used TD-assess, which is the online application of our Q-method protocol built from 

the EQ-Web-Sort open-source code (Banasick, 2023). The first step of the exercise is to read through the 23 statements and 

do an initial sorting into three piles: “tend to disagree,” “no strong feelings,” and “tend to agree” . These cards are then color-220 

coded and arranged by the initial sort to help with the next step of sorting the cards onto the grid (see Fig. 3). The next screen 

after the sorting is completed asks the participant to provide commentary on the four statements they ranked the highest and 

lowest (i.e., -3 and +3). Finally, a short survey captures the participant’s high-level demographic characteristics. The online 

application was verified for compliance with the EU’s General Data Protection Regulation (GDPR).  
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 225 

Figure 3: Example screenshot of the final sorting step of TD-assess. The final sorted set of statements and their associated ranking 

is called the "Q-sort.” 

We analysed the captured Q-sorts from the TD-assess exercise by first looking at the raw ranked data of those who participated 

in the TD-assess exercise before and after the CATER school. We then analysed all the Q-sorts through a Principal Component 

Analysis (PCA) to identify groupings of perceptions within the dataset. The exploratory analysis provides insights into changes 230 

in viewpoints of participants coming into the school and after participating in the school.  

3 Results 

In this section we first analyse the game prototypes produced in 2023 and 2024. Game content and linkages with the school 

curriculum are highlighted, as well as how the participants’ background may have inspired game prototypes. We then reflect 

on group dynamics in the game co-creation process, based on authors’ observations, and on participants’ feedback collected 235 

throughout the schools and the final debriefing session. Finally, we show the results from the Q-method assessment.  

3.1 Games’ prototypes as artefacts of the diversity of co-production experiences  

The topics and characteristics of the games reflected both the participants’ personal experiences and the content of the school 

lectures. For example, one group, which included a member with experience related to the United Nations Climate Change 
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Conferences, developed a game on international mitigation and adaptation negotiations (see game 2 in Table 1). Similarly, the 240 

games focusing on agricultural adaptation strategies were inspired by the direct experiences of some participants, particular ly 

those based in Africa, who had deep knowledge of context-specific challenges (see games 1, 3 and 8 in Table 1). Additionally, 

a circumstance that unintentionally influenced game creation occurred during one of the first evenings of the 2023 school, 

when we screened the film “Between the Rains” (https://www.betweentherains.com/). The film depicts tribal conflicts over 

resources near Lake Turkana in Kenya and we believe that it partly inspired games 1, 3, and 4 in Table 1.  245 

We observed that the presence of at least one practitioner in each group enhanced the work by providing examples of contexts 

to apply the game methodology, thus making the exercise more concrete and relevant. As an example, The Crop Survivor 

(game 8 in Table 1) was developed by the group as a tool to be potentially used by a participant based in Malawi, who support 

farmers in enhancing their resilience to climate change by diversifying their crops. On the other hand, both the content provided 

during the school and the schedule of the lectures contributed to shaping the group work. Although a balance between social 250 

science and natural science-related topics was sought, more space and time was actually dedicated to decision-context aspects 

of climate adaptation. This was particularly evident – and highlighted by participants’ feedback – in 2023, where only one day 

was dedicated to climate science and climate risk drivers, while the rest of the lectures explored the complexity of decision-

making and the existence of a plurality of knowledge systems, the theory of transdisciplinarity, and issues of power, ethics and 

social justice. This led to a stronger emphasis on conflicts and climate justice issues in the games: games 1 and 3 had references 255 

to conflicts between livestock farming and agriculture over scarce water and land resources, exacerbated by changing climate 

conditions, while game 2, already mentioned, focused on COP consultation among countries with different negotiation power.  

Drawing from the experiences from the 2023 school, the 2024 school incorporated more physical science content by balancing 

the lecture hours more equally between climate science and risk-related topics, and power, justice and transdisciplinarity 

reflections. For the latter, we attempted to reduce the theoretical burden by referring to existing projects and real -world 260 

challenges. We observed that the game topics were highly influenced by the initial focus on climate modeling and 

communication. For example, the games addressed topics such as selecting the right communication channels to reach climate 

information users, understanding the relevance of different lead times in forecast products, and the challenges of 

communicating probabilistic forecasts (see games 5, 6 and 7). This distribution of game topics was a result of our emphasis on 

physical science in the lectures, although it may also have been influenced by the students’ backgrounds. These findings 265 

suggest a connection between curriculum content and the practical application of lessons learned, which is made explicit 

through game co-creation. 

Along this line, although each produced game focused on a specific aspect or challenge related to climate adaptation, it is 

interesting to note how the participants were able to integrate multiple disciplines, as well as insights from both scientist s' and 

practitioners’ experiences. One particular example was a game developed in the 2024 school, inspired by poker mechanics and 270 

focusing on the interpretation of probabilistic forecasts (see game no. 5 in Table 1). During each round, the players received a 

seasonal forecast in the form of probability for above-normal, normal and below-normal precipitation and had to decide on the 

crop or livestock type best adapted to the season’s conditions. A row of hidden playing cards represented the actual seasonal 
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precipitation. The other deck cards were distributed to the players, who could then get a partial overview of the cards that were 

not included in the seasonal precipitation draw. This game mechanic was a metaphor for local or traditional knowledge of 275 

players, which helped the participants to forecast the seasonal conditions but only gave a partial view. The use of local 

knowledge was further simulated by allowing the players to receive additional hints by asking the community elders’ council 

for advice (i.e., revealing some of the other players’ cards). While the communication and interpretation of probabilistic 

forecasts were thoroughly discussed during the climate science lectures, the importance of recognizing different ways of 

knowing and the necessity of bridging traditional and scientific knowledge were recurring themes throughout the week in 280 

discussions on transdisciplinarity. 

The 2024 edition of the school included a field visit day, thanks to the collaboration with local representatives. The participants 

visited a Maasai settlement in the region to discuss local climate adaptation challenges and strategies with a Maasai elder,  as 

well as the Arusha Climate and Environmental Research Centre of Aga Khan University, which focuses on sustainable 

agriculture research. We observed that the visit to the Maasai village had an impact on the creation of the games. For example, 285 

the visit influenced the poker-inspired game group (game 5) in setting the players’ decision-making challenge on the 

adaptability of different livestock typologies to water availability. Overall, a large number of school participants gave feedback 

that the field day was the most impactful part of the school. Since it was scheduled during the second week when groups were 

already well into the creation of their games, the reflection on the shared immersive experience of the field day served as a 

'reality check' for the games that were under development. Based on the experiences described above though, we hypothesize 290 

that if the field trip had occurred at the beginning of the school, the groups might have opted to gamify the experience of that 

particular climate challenge.  

In general, the participants provided feedback that expressed strong appreciation for the game co-creation as a transdisciplinary 

group exercise. They emphasized the potential for games as a tool to help tackle complex issues, work as boundary objects 

among different stakeholders and facilitate communication of scientific knowledge. Some of the participants expressed 295 

willingness and confidence to apply the method in their future work. This included both further developing their CATER 

school game prototype and also designing new games for their specific cases. We know from evidence that at least one attendee 

of the 2024 school already designed and implemented a game in their work.  

3.2 Group dynamics in game co-creation 

The exercise of co-creating a game (Fig. 4) as a group is designed to act as a microcosm for experiencing the transdisciplinary 300 

dynamics that characterize the complexity of climate adaptation.  
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Figure 4: Two moments of the game co-creation process: a) a group is modeling the mechanics of the exchange of resources between 
countries in the COP consultation game (game no. 2, Kenya, November 2023); b) the poker-based game on probabilistic forecast 

communication is being tested at the end of the school (game no. 5, Tanzania, October 2024).  305 

As prior experience in game creation was minimal and everyone had some degree of familiarity with playing games, the 

exercise placed all participants on equal footing. This helped to limit some participants from developing a dominant role in 

group dynamics due to a greater familiarity with game design. However, similarly to transdisciplinary processes in climate 

adaptation, there were challenges and opportunities to navigate as a group, each of which affected, but mostly enhanced the 

game design learning experience. 310 

Acknowledging these dynamics, one goal of the CATER schools is to foster a safe environment while making participants 

aware that power dynamics exist in group settings. In order to work through these issues constructively, time was specifically 

reserved at the beginning of the group work for collectively reflecting on personal needs, barriers and inclusion strategies. This 

reflection was framed around collectively agreeing to a set of values or ground rules and experimenting with facilitation 

techniques to enhance everyone’s capability to listen actively, respect each other’s ideas, build confidence, and create safe 315 

spaces to foster creativity and constructive exchanges. The group work provided the opportunity to put such collective 

intelligence techniques into practice. 

Nevertheless, and not dissimilar to ‘real-world’ transdisciplinary and transcultural collaborations, power dynamics could be 

observed in the group work (Fritz and Binder, 2020). The exercise of game co-creation played a crucial role in making these 

visible, allowing us to observe the transfer of unconscious power dynamics into the setting of the group. These dynamics often 320 

included dominant roles that emerged between male and female participants, extroverts and introverts, and those with game 

experience versus those without game experience.  

The inherent challenges and opportunities of the multicultural nature of the working groups were typically implicit within each 

group, but became visible at various occasions. For example, as most participants coming from Africa tended to be 

practitioners, and given the setting of holding the school in Africa, these participants were often contributing with contextual 325 
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knowledge based on their expertise. Similarly, there was a tendency for participants with a prior passion for gaming, often 

coming from European or North American countries, who took on the role of gamifying the context provided. Language 

barriers also posed significant challenges for participants less comfortable with speaking English, contributing to unequal level 

of contribution of the participants during the exercises. Since all school activities were carried out in English and, as described 

in Sect. 1.1, about half of the participants, as well as many lecturers, were native English speakers, this created an imbalance. 330 

Non-native speakers faced greater difficulties in engaging in collective discussions, which made their participation more 

demanding and, sometimes, limiting their ability to contribute fully.  

Considering the interactions between the lecturers and the participants, we observed a general struggle for the lecturers to find 

the best posture in relation to the working groups. In addition to the general supervision of game design experts, each group 

was assigned one or two lecturers from the school program to support their work. However, they were not given strict 335 

guidelines on how to approach their ‘supervisory’ role. This is in line with the general school setting, where all lecturers have 

always participated in the activities, sometimes as lecturers of the specific session, sometimes as participants themselves. The 

lack of strict guidelines resulted in very different approaches: some of the lecturers participated in all the initial group 

discussions as observers, some were more involved in the discussions themselves and partly participated in the co-creation 

process, and some joined the groups only if specifically asked by the students for help (or retreated if groups expressed that 340 

they did not need help). Most of them also adapted their approach throughout the two weeks, for example by trying to be more 

present in case of group struggles. From the student feedback, this resulted either in a feeling of lack of guidance or a perception 

of too strict directions. In addition, the lack of even geographical and gender representation among the lecturers, the major ity 

of them being of European origin and male, may also have contributed to making the interaction with the groups challenging.  

3.3 A framework for exploring perception change  345 

We present here the exploratory findings of the Q-method assessment as an abductive framework for identifying and 

understanding the ways in which the CATER school and the game co-creation play a role in shifting perspectives. In total, we 

captured 25 Q-sorts (i.e., sorted statement sets) from the TD-assess exercise. Seventeen out of 22 school participants took part 

in the exercise, from which there were 7 respondents who repeated the exercise both before and after. In total, there are 16 Q-

sorts from before the school (one of which was a first-time CATER school lecturer unaffiliated with the Q-method assessment) 350 

and 9 after. The demographics of the TD-assess respondents well reflect those of the CATER school: evenly split between 

genders, a diversity of disciplines, mostly early-career, and highly multicultural. Although Q-method studies are not meant to 

be generalizable and therefore offer flexibility in the participation rate, it is crucial to ensure a solid representation of 

viewpoints (Brown, 1980; Sneegas et al., 2020). In our study, we recognize that the sample may not fully capture the diversity 

of views among all CATER school participants, especially in the post-school dataset. However, these findings offer a general 355 

indication of the perspective shifts from which we can explore further by repeating the Q-method assessment in future schools.  

We applied a PCA with Varimax rotation (Akthar-Danesh, 2016) to the full dataset of 25 Q-sorts, including both pre- and post-

school assessments, using the Ken-Q analysis platform (Banasick, 2023). To ensure meaningful comparison and retain all data, 
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we pooled the pre- and post- school datasets in the analysis. This preserved a shared principal component space that allowed 

us to trace participant-level changes more precisely. Through this, we identified three analytically meaningful factors. That is, 360 

the factors identified meet a set of quantitative checks as are often used in Q-methodological studies, including the number of 

flagged Q-sorts per factor ≥2, Kaiser–Guttman Criterium of eigenvalues ≥1 per factor, the variance explained per factor ≥10%, 

and the combined variance explained of all extracted factors ≥35% (Moser and Baulcomb, 2020; Tafel et al., 2022; Watts and 

Stenner, 2012). The factor outputs also made sense in the context of what we observed and the commentaries provided through 

the TD-assess platform. 365 

A mix of twelve pre- and post-CATER school Q-sorts correlated significantly to Factor 1, five pre-CATER school Q-sorts to 

Factor 2, and four post-CATER school Q-sorts to Factor 3. There were also four pre-CATER school Q-sorts that did not 

correlate significantly to any of the factors. Of those who repeated the exercise pre- and post-CATER school, there was no 

‘out-migration’ of Factor 1, but there was ‘in-migration’ to both Factors 1 and 3. Factor 2 was bipolar as a result of one Q-sort 

with a significant negative correlation, and was thus split into two Factors that have somewhat opposite views. Figure 5 shows 370 

the plot of factor correlations with their positions and movements before and after attending the CATER school. A composite 

Q-sort was created for each factor based on weighted values of the respondent Q-sorts that correlated significantly to the 

factors.  

 

Figure 5: Plot of factor correlations. The spread of points along the horizontal axis represents the Q-sort correlation to Factor 1. 375 
The horizontal spread represents the correlation to Factor 2. The size of the bubble represents the correlation to Factor 3, with 

positive correlations represented by filled bubbles and negative correlations with no fill. Q-sorts that significantly correlate to factors 
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1, 2, or 3 are shown in orange, green, or blue, respectively, and grey for no significant correlation to any of the factors. The bubbles 

with dotted outlines represent Q-sorts from before the CATER school and solid lines for after. Arrows indicate Q-sorts of the same 

participant pre- and post- CATER school. 380 

The composite Q-sort for each perspective allows us to see the main ideas that differentiate the factor compositions, as well as 

consensus ideas. Distinguishing statements are those that are identified by their statistical uniqueness (p < 0.1) within the 

composite Q-sort compared to the other factors. In addition, we look at salient statements for each perspective, or those 

statements that rank +2 or above and -2 or below. Table 2 shows the salient statements that were unique to each factor. Further 

statements had shared or similar values between perspectives. For brevity’s sake, full composite Q-sort rankings are provided 385 

in Appendix B, as well as more detailed information on the Q-method assessment. The entirety of the output data was used to 

interpret the general typologies of the perspectives from each Factor. 

Table 2. Salient statements (i.e., ±2 or ±3) unique to a particular factor. Asterisks (*) indicate statistically distinguishing statements 

for given factors at p < 0.01. 

# Statement F1 F2a F2b F3 

Factor 1 Salient Statements - Agree 

19 Transdisciplinary approaches are key to rebalancing of power 

dynamics through equal consideration of different perspectives and 

priorities. 

2* -1 0 -1 

21 Transparent communication of scientific uncertainties is key to 

building trust between climate information providers and end users. 

3 0 1 1 

Factor 2a Salient Statements - Agree 

18 Traditional knowledge and indigenous spiritual systems must be at 

the base of climate adaptation because they are rooted in centuries 

of respect for the land. 

0 3* -1 1 

9 Effectively bridging science and society requires trained 

intermediaries to support scientists and local officials to engage with 

each other. 

0 2 1 0 

14 
Local knowledge should be mobilized where it exists and is relevant, 

rather than following trends of "integrating local knowledge." 

0 2 0 -1 

Factor 2b Salient Statements - Disagree 

8 Creating an environment where everyone feels safe and comfortable 

to share their viewpoints is essential for successful transdisciplinary 

research. 

1* -1 -2 -1 

12 In transdisciplinary research, societal relevance is a better indicator 

of ‘quality’ than scientific robustness. 

-1 1* -2 0 

Factor 3 Salient Statements - Agree 

20 Transdisciplinary approaches for climate adaptation help break 

down silos which helps avoid maladaptation. 

1 1 0 2* 
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4 Discussion 390 

This section reflects on the overall process and findings of the game co-creation activities. Drawing from the school outcomes, 

we explore how the co-creation exercise shaped collaboration and learning, as well as how perceptions evolved through this 

process. These reflections aim to deepen understanding of how co-creation unfolded in a microcosm of diversity across 

disciplines, professional roles, and cultural backgrounds and what this reveals about the potential of games in transdisciplinary 

education.  395 

4.1 Game co-creation as boundary work 

The simultaneous presence of very diverse aspects in the games, such as probabilistic forecast communication and 

interpretation, forecasts’ lead-time, climate models and  traditional knowledge, indicates that the group work was a meaningful 

space for experientially based discussion based on collective elaboration of the lectures’ content. The game co-creation exercise 

offered the opportunity to connect the school curriculum content to the practical application of lesson learned. Our findings 400 

also suggest that the exercise led the participants to share their disciplinary and personal perspective, to create connectio ns 

among disciplines and connect scientific expertise and practitioners’ experience on the ground. Based on this evidence, the 

observation of the group work activity and the feedback from the participants, we argue that co-creating a game worked as a 

boundary object between disciplines and between researchers and practitioners, enabling communication and mutual learning 

(Lundgren, 2020; van Bruggen et al., 2019). It encouraged the participants to meaningfully contribute to the transdisciplinary 405 

exchange despite different backgrounds.  

Moreover, through the group work, the participants could discuss among peers any disciplinary topics that may be difficult for 

neophytes. Translating complex topics into clear game mechanics enhanced the learning process for everyone and highlighted 

the ability of games to capture and convey complexity while avoiding inadequate simplification of real -world phenomena 

(Flood et al., 2018).  As an example, during the evaluation session of the 2024 school, a participant reported that the lecture 410 

on weather forecasts was hard to follow, but that co-developing a game on communicating probabilistic forecasts helped them 

understand more clearly the concept and the related challenges. 

4.2 Negotiating struggles and progress in game co-creation 

As described in the result section, we could observe a transfer of unconscious power dynamics in the group settings during the 

game co-creation exercises. Power imbalances were visible, for example, between male and female participants, extroverts 415 

and introverts, and between native English speakers and non-native speakers. The latter, in particular, mirrors and reproduces 

the disadvantages encountered by non-native English speakers in English-dominated spaces in their career development, as is 

especially the case in many science fields (Amano et al., 2023). 

Though the process and the roles taken on by each participant in their group were by-and-large constructive, there were some 

groups where these dynamics may have formed barriers to contribution. On the one hand, this served as an opportunity for 420 
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mutual learning; on the other hand, it could serve to mirror historical hegemonies within the group dynamic. In other words, 

it was critical to develop awareness of latent patterns of power dynamics (based on gender, geography, discipline, etc.) and 

associated contributory roles in order to recognize and start to break these patterns in the group setting; however, time 

constraints often prevented the groups from fully breaking these dynamics in favor of accomplishing the task at hand.  

Nonetheless, despite these complex dynamics, the approach of co-creating a game in a highly transdisciplinary and 425 

multicultural group fostered an overall positive atmosphere of collaboration. It provided the opportunity for the participants to 

put the collective intelligence techniques addressed at the beginning of the group work into practice, and to develop a range of 

soft skills alongside diversified disciplinary knowledge. Such skills are crucial for a successful transdisciplinary process,  where 

active mediation of tensions or conflicts are needed to ensure the consideration of all perspectives and the legitimacy o f the 

process among experts and decision-makers (Cash et al., 2003).  430 

The positive atmosphere was further enhanced by the shared goal of producing a tangible outcome, with the short -term aim of 

testing it among peers at the end of the school. The need to bring creativity into play was also a crucial aspect, which stimulated 

the collective experimentation and the synthesis of interdisciplinary knowledge. The game co-creation exercise thus constituted 

a space to exercise and develop group creativity, an important means in tackling complex challenges that cross geopolitical 

and disciplinary boundaries, such as climate change (Edgell and Lee, 2023).  435 

4.3 Assessing perception change from transdisciplinary co-creation 

We found the TD-assess exercise to be an advantageous way to assess changes in perceptions of CATER school participants 

without judgement of knowledge retained or feedback reflecting on the school itself. The findings indicate that participants 

moved away from what could be classified as more disciplinary views (i.e., Factors 2a and 2b) to views that better emphasize 

the transdisciplinary process (i.e., Factors 1 and 3). In Table 3, we summarize the perspectives based on the composite Q-sorts 440 

from this initial analysis. Notably, Factors 2a and 2b, which we named the “Community Knowledge Advocates” and the 

“Scientific Information Advocates,” were only present among the pre-CATER school perspectives. Factor 3, the “Actor 

Involvement Advocates,” were only present among the post-CATER school perspectives. Factor 1, the “Collaborative Process 

Advocates,” were present among the pre- and post-school perspectives. We use this framing to help identify aspects of the 

game co-creation process and the school overall that could lead to shifts in perspectives. In other words, given our observations 445 

and feedback from participants, we look for ways in which the game co-creation experience may move participants away from 

being “Community Knowledge Advocates” or “Scientific Information Advocates” and towards “Collaborative Process 

Advocates” and “Actor Involvement Advocates.”  

Table 3. Summary of composite Q-sort ideas that comprise the different perspectives identified through the Q-method analysis of 

the 2024 school. 450 

Factor Summary of perspective (based on composite Q-sort) 
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Factor 1: 

Collaborative 

Process 

Advocates 

Believes successful climate adaptation requires transdisciplinary approaches, transparent 

communication of scientific uncertainties, and co-designed climate information products 

with end-users. They emphasize understanding system interactions and ensuring 

everyone comprehends the need for climate adaptation actions. Unique to their 

perspective is the focus on policy mechanisms and the scalability of local 

transdisciplinary projects. 

Presence of pre- and post-school Q-sorts 

Factor 2a: 

Community 

Knowledge 

Advocates 

Highlights the importance of traditional knowledge and indigenous spiritual systems in 

climate adaptation, along with trained intermediaries to bridge science and society. They 

stress mobilizing local knowledge and empowering locally-based individuals to lead 

internationally-funded projects. Their strong emphasis on traditional knowledge and 

indigenous systems sets them apart. 

Presence of pre- school Q-sorts 

Factor 2b: 

Scientific 

Information 

Advocates 

Advocates for co-designing climate information products with end-users and believes 

empowering users with ownership is crucial. They emphasize that climate inaction is 

more due to a lack of understanding of policy mechanisms and stress the importance of 

comprehending the reasons behind climate adaptation actions. Their focus on practical 

co-production and user empowerment distinguishes them from the other factors. 

Presence of pre- school Q-sorts 

Factor 3: Actor 

Involvement 

Advocates 

Believes transdisciplinary approaches are essential for breaking down silos and 

preventing climate maladaptation. They emphasize bringing different actors together, 

empowering users in co-production, and understanding on-the-ground climate 

vulnerabilities. Their particular focus is on breaking down silos through 

transdisciplinary approaches and preventing maladaptation. 

Presence of post-school Q-sorts 

If we pay particular attention to the statements that had the most movement in rankings among the seven participants who 

repeated the exercise both prior- and post-CATER school, the participant’s viewpoints clearly shifted from prioritizing societal 

relevance over scientific robustness toward a more balanced or critical view. They increasingly viewed co-production 

processes as requiring a lot of time, effort, and logistics, making them less feasible than initially thought. This change in 

perspective is also reflected in the game group work as a microcosm of navigating a transdisciplinary process, which was 455 

common feedback in the post-school surveys and comments. School participants were able to see first-hand some of the 

challenges and opportunities involved in co-creating in transdisciplinary spaces. Additionally, the necessity of understanding 

physics for taking action on climate impacts was downplayed after the school, indicating a shift toward other approaches. 
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There was also a heightened appreciation for the importance of bringing different actors together to understand system 

interactions and the role of transdisciplinary approaches in breaking down silos and preventing maladaptation.  460 

The collective effort to think systematically about a problem through the process of co-creating a game helped the participants 

value the complexity of climate adaptation, leveraging playfulness and imagination to explore reality (Pedercini , 2017, Morini 

et al., 2022). Thanks to games’ ability to promote perspective-taking (Dishon and Kafai, 2020), the process made participants 

re-evaluate the prioritization of climate change over other societal challenges, recognizing the importance of addressing a 

broader range of issues alongside climate adaptation. Overall, these perspective and idea shifts reflect a growing skepticism 465 

toward sector-specific assumptions and a stronger appreciation for collaborative and integrative strategies post-CATER school.  

The preliminary TD-assess findings also gave us another layer of empirical support for the observations we made during the 

schools and feedback we received from participants. The structure of co-creating a game allowed participants to share their 

knowledge in a non-competitive and cooperative way that puts the emphasis on the transdisciplinary process (Morini et al. , 

2022). There are several elements in the CATER school meant to foster a positive experience that can be recreated in larger 470 

transdisciplinary processes. First is to create a space that is comfortable for mutual learning. The perspectives we observed  

through the TD-assess before the school indicate that participants were coming into the school with a specific set of ideas that 

may have reflected their disciplinary or experiential backgrounds. However, the perspectives that were observed after having 

participated in the school reflect a positive transdisciplinary experience fostered through the setting of the school. It could be 

imagined that a negative experience where participants were pushed to defend their point-of-view could lead to entrenchment 475 

in their disciplinary perspectives. 

4.4 Limitations and future work 

Despite the specific attention devoted to group dynamics, soft skills and facilitation tools, we observed several practical and 

methodological limitations related to the game co-creation process. The transfer of unconscious power dynamics into the group 

settings posed a challenge that deserves further attention. These power dynamics were linked to cultural diversity, gender, and 480 

personal attitudes of the participants. Although such dynamics are not uncommon in transdisciplinary collaborations (Bremer 

& Meisch, 2017), more work is needed to explore how to better guide the participants through these challenges within the time 

constraints of a fully packed school curriculum. Importantly, this also implies crafting a more clearly defined role for the staff 

lecturers in the co-creation exercise.  

Another methodological challenge pertained to language barriers. With English as a working language during the school and 485 

a high proportion of native/fluent speakers among participants and lecturers, those with more limited language skills faced 

challenges in expressing their insights and participating equally in the game co-creation process. Future schools should 

consider additional strategies to facilitate linguistic equity. 

The first findings of the TD-assess tool are encouraging and provide the basis for designing future versions of the assessment 

tool that better encourages participation. One major limitation in our implementation was the participation rate post-school. 490 

From informal feedback received minor changes can be incorporated to better encourage participation, such as reducing the 
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overall time required for completing the exercise by removing some statements and steps. Also, further tailoring statements t o 

better reflect the cultural diversity of participants can improve engagement and, in turn, data quality (Sneegas et al. , 2021). 

Finally, allowing dedicated time to the exercise while participants are still gathered for the school would improve participa tion 

rates. 495 

5 Conclusions 

This paper presented a multi-method approach to foster transdisciplinary collaboration for climate adaptation. Implemented 

within the context of a series of schools, the approach combined the co-creation of games by groups of culturally and 

professionally diverse school participants with a structured assessment of its impact on the participants’ perspectives on 

transdisciplinarity.  500 

Our observations suggest that the game co-creation exercises effectively served as a boundary object to enable communication 

and mutual learning, since it allowed both academic and practitioner participants from different disciplines to contribute their 

expertise and personal experiences, and resulted in tangible outcomes that bridge disciplines and backgrounds. The preliminary 

results of the Q-method assessment confirm this finding by highlighting a convergence of perspectives on transdisciplinary 

processes in climate change action among the participants after participating in the school. The content of the lectures given 505 

during the school contributed to shaping the game prototypes, demonstrating that the group exercise also provided space for 

participants to collectively process teaching content and enhance peer learning. All these elements affirm the value of games 

as a tool in complex learning environments (Arnab et al., 2019; Flood et al., 2018). Notably, game co-creation translated 

complex and abstract lecture topics into experiential learning, making these topics more accessible and actionable. As stated 

by Morini and colleagues (2022), playfulness and imagination are powerful ways to connect educational activities to reality. 510 

This aligns with the growing recognition of creativity as a crucial skill in addressing complex societal challenges such as 

climate adaptation (Edgell & Lee, 2023). Overall, the transformative potential of game-based education bridges gaps between 

knowledge systems and promotes mutual understanding in transdisciplinary contexts (Lundgren, 2020; van Bruggen et al., 

2019).  

However, the transfer of power dynamics in the group settings and the observed language barriers call for further work on 515 

strategies to foster equal participation in the future schools. 

Furthermore, we found the Q-method assessment method effective in demonstrating positive outcomes of the learning process 

instigated within the CATER school. This highlights the significant potential of using Q-method to evaluate transdisciplinary 

collaborations. However, some adjustments to the methodology are needed to stimulate higher participation rates in future 

assessment surveys. For example, attempts could be made to reduce the cognitive load by simplifying the data collection 520 

procedures and to further tailor the statements to the participants’ cultural diversity.  Future research should extend our 

approach beyond the school format, for example by applying to governmental or community settings. This would also stimulate 
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connecting the game co-creation process with contextually relevant and socially legitimate settings (Costa et al., 2022; Bremer 

& Meisch, 2017).  

In conclusion, our initial experiences demonstrate the potential of combining game co-creation with Q-methodology as a 525 

powerful strategy for cultivating transdisciplinary capacities and critically assessing their development. Looking ahead, 

forthcoming CATER schools will not only provide opportunities to refine and validate this approach but also serve as catalyst s 

for broader, sustained science–society collaborations. By fostering environments where transdisciplinarity, creativity, mutual 

learning and inclusivity are at the core, we intend to continue to build a cohort of academics and practitioners who will be able 

to shape adaptive and relevant responses to complex climate-related challenges. 530 

Appendix A 

 

Figure A1: Daily schedule for the 2024 CATER school in Tanzania. 
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Appendix B 535 

Table B1. Self-reported demographic characteristics of the TD-assess respondents. 

Demographics 

World regions lived, worked, or with 

strong connection 

Gender Africa 

Female 8 Northern 1 

Male 9 Western 3 

No response 1 Middle 1 

Age Eastern 9 

26 years old or younger 1 Southern 7 

Between 27-32 years old 8 Europe 

Between 33-39 years old 6 Northern 8 

Between 40-49 years old 3 Western 6 

Discipline Southern 2 

Natural Sciences 7 Other regions 

Social Sciences 4 North America 6 

Interdisciplinary 7 South America 1 

Career Experience South Asia 2 

10 years or less 15 East Asia 3 

Between 11-25 years 3 Australia/Oceania 2 
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Table B2. Statements with the largest ranking changes after attending CATER school, where one or more individuals reversed the 

sign of their ranking (i.e., difference is ±4 or more), as indicated in bold. Negative shifts (2 or more) are in yellow, and positive shifts 540 
in blue. Note that the numbers in the table show ranking differences (0 to ±6), and are not the same as the Q-sort rankings. 

# Statement P16 P15 P12 P10 P05 P02 P01 

12 In transdisciplinary research, societal relevance is a better 

indicator of ‘quality’ than scientific robustness. 

-4 0 -5 0 +1 -3 -2 

7 Co-production processes take too much time, effort, and 

logistics to be widely feasible. 

+3 -4 +3 +2 -1 0 -1 

23 Understanding the physics of the climate system is 

necessary to take action on reducing climate impacts. 

-2 -4 -4 +1 -1 -1 0 

1 A successful adaptation process involves bringing 

together different actors to understand the interactions 

within the entire system. 

0 +4 -2 +2 -1 -1 +3 

20 Transdisciplinary approaches for climate adaptation help 

break down silos which helps avoid maladaptation. 

+5 +1 +1 +1 +1 -2 -1 

2 Any scientist producing climate services needs to be open 

to constructive criticism and alternative forms of 

knowledge and expertise. 

0 -1 +2 -1 +2 -1 +4 

21 Transparent communication of scientific uncertainties is 

key to building trust between climate information 

providers and end users. 

+5 +1 -1 -1 0 +2 -1 

13 It is impossible to scale up local transdisciplinary projects 

because they need to be context-driven. 

-2 +4 0 0 -1 -1 -2 

4 Because climate change has cross-cutting impacts, it 

should be prioritized over other societal challenges. 

-2 -4 +1 -1 0 0 -1 
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Table B3. Factors loadings with flagged Q-sort correlations shown in bold (P < 0.05 and a majority of common variance). One Q-

sort corresponding to a CATER school staff is indicated with an asterisk (*). 545 

Participant Timing Repeat? Factor 1 Factor 2a Factor 2b Factor 3 

P09 Before   0.8835 0.0094 -0.0094 0.0541 

P12 After Yes 0.8178 -0.2019 0.2019 -0.0841 

P01 After Yes 0.8047 0.1103 -0.1103 0.1659 

P05 Before Yes 0.7944 0.0091 -0.0091 0.0689 

P05 After Yes 0.7377 0.0353 -0.0353 0.2296 

P10 Before Yes 0.7284 -0.3144 0.3144 0.2769 

P14* Before   0.7101 -0.1042 0.1042 -0.1027 

P06 Before   0.7041 -0.2627 0.2627 0.3417 

P08 Before   0.6683 0.0935 -0.0935 0.2894 

P02 After Yes 0.6662 0.3669 -0.3669 -0.0049 

P10 After Yes 0.6585 -0.0145 0.0145 0.2485 

P12 Before Yes 0.5748 0.2522 -0.2522 0.1307 

P02 Before Yes 0.1593 0.6954 -0.6954 0.2591 

P04 Before   0.2536 0.6362 -0.6362 0.0169 

P15 Before Yes -0.1852 0.5205 -0.5205 -0.0558 

P11 Before   0.1113 -0.5705 0.5705 0.4042 

P15 After Yes 0.02 0.2656 -0.2656 0.7716 

P17 After   0.1245 0.013 -0.013 0.6652 

P16 After Yes 0.0509 -0.1038 0.1038 0.6304 

P18 After   0.5126 -0.1722 0.1722 0.5723 

P07 Before  0.5672 -0.4153 0.4153 0.496 

P03 Before   0.4059 0.1337 -0.1337 0.2789 

P01 Before Yes 0.373 -0.0281 0.0281 0.0799 

P13 Before   0.2537 0.3104 -0.3104 0.4081 
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P16 Before Yes -0.4174 0.5186 -0.5186 0.326 

percent explained variance 31 10 10 12 

 

Table B4. Statements used in Q-sort exercise ordered by highest statistical consensus between factors to lowest. Rankings reflect the 

composite Q-sort valued, weighted based on the respondent correlation to the factor. 

# Statement Factor 1 Factor 2a Factor 2b Factor 3 

22 Understanding on-the-ground climate vulnerabilities is key to 

putting climate information into practical use. 

1 1 2 3 

21 Transparent communication of scientific uncertainties is key to 

building trust between climate information providers and end 

users. 

3 0 1 1 

9 Effectively bridging science and society requires trained 

intermediaries to support scientists and local officials to engage 

with each other. 

0 2 1 0 

17 Stakeholders should decide on the levels of uncertainty in climate 

information they are comfortable with. 

0 -3 0 -2 

20 Transdisciplinary approaches for climate adaptation help break 

down silos which helps avoid maladaptation. 

1 1 0 2 

7 Co-production processes take too much time, effort, and logistics 

to be widely feasible. 

-1 -1 1 0 

13 It is impossible to scale up local transdisciplinary projects because 

they need to be context-driven. 

-2 -3 -2 0 

14 Local knowledge should be mobilized where it exists and is 

relevant, rather than following trends of "integrating local 

knowledge." 

0 2 0 -1 

6 Climate information products need to be co-designed with end-

users to ensure they are usable and useful. 

3 0 2 1 

16 Science is the basis of climate adaptation; without science, there 

is nothing. 

-3 0 -1 -3 

23 Understanding the physics of the climate system is necessary to 

take action on reducing climate impacts. 

-1 0 -3 -2 

18 Traditional knowledge and indigenous spiritual systems must be 

at the base of climate adaptation because they are rooted in 

centuries of respect for the land. 

0 3 -1 1 
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10 Empowering users with ownership of a product is the most 

important outcome in co-production. 

-1 -1 2 2 

4 Because climate change has cross-cutting impacts, it should be 

prioritized over other societal challenges. 

-2 -2 0 -3 

8 Creating an environment where everyone feels safe and 

comfortable to share their viewpoints is essential for successful 

transdisciplinary research. 

1 -1 -2 -1 

12 In transdisciplinary research, societal relevance is a better 

indicator of 'quality' than scientific robustness. 

-1 1 -2 0 

2 Any scientist producing climate services needs to be open to 

constructive criticism and alternative forms of knowledge and 

expertise. 

1 2 -1 -2 

19 Transdisciplinary approaches are key to rebalancing power 

dynamics through equal consideration of different perspectives 

and priorities. 

2 -1 0 -1 

3 Bad decisions or maladaptive practices are often caused by 

oversimplification of climate information. 

-2 1 1 2 

1 A successful adaptation process involves bringing together 

different actors to understand the interactions within the entire 

system. 

2 0 -1 3 

15 Locally-based people should lead internationally-funded projects 

because they have the best understanding of their climate issues. 

0 3 -3 0 

11 Ensuring everyone understands the reasons behind the need for 

climate adaptation actions is crucial for effective engagement. 

2 -2 3 -1 

5 Climate inaction stems more from a lack of understanding of 

policy mechanisms and institutional settings than a lack of 

understanding of climate information. 

-3 -2 3 1 
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