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SM‑1: Extended Discussion on Sustainable Tourism Education
The tourism sector occupies a paradoxical position in the climate crisis: it is simultaneously a significant contributor to global greenhouse gas emissions—accounting for approximately 8% of total emissions—and one of the most climate‑vulnerable industries, facing existential threats from sea‑level rise, extreme weather events, and shifts in destination attractiveness (Scott, Hall, & Gössling, 2012, 2016). Despite growing recognition of these interdependencies, tourism curricula have been slow to integrate climate literacy and systems thinking competencies, leaving graduates ill‑prepared to navigate the sector’s complex sustainability challenges.
Digital games and gamified simulations offer a promising pedagogical avenue to address this gap by enabling tourism students and industry professionals to experience the consequences of climate‑related decisions in a low‑stakes, experiential environment. The procedural rhetoric and feedback loops identified in DOMINO: The Little One offer transferable design principles for sustainable tourism education. Specifically, the game’s mechanism of linking player choices to environmental outcomes can be adapted to model destination‑level trade‑offs—such as balancing visitor carrying capacity against ecosystem resilience, or weighing short‑term economic gains against long‑term climate adaptation needs (Font & McCabe, 2017; Scott et al., 2016).
Emerging initiatives illustrate the feasibility of such approaches. The Mountain Tourism Fresko—an interactive game developed for Alpine destinations—enables participants to visualise the direct and indirect impacts of tourism activities on local climate systems, from transport emissions to food supply chains. By simulating the cumulative effects of tourist behaviours on mountain ecosystems, the game fosters awareness of carrying capacity limits and encourages collective responsibility among visitors and local stakeholders alike. Similarly, the grECOtrails initiative integrates gamified tools—including digital quizzes, escape rooms, and augmented reality experiences—into sustainable tourism education, fostering systems thinking and SDG awareness among students and educators across European destinations. These examples demonstrate that game‑based approaches can move beyond awareness‑raising towards the cultivation of actionable sustainability competencies.
However, the transferability of such approaches hinges on careful adaptation to the specific pedagogical and institutional contexts of tourism education. As Font and McCabe (2017) have observed, sustainability interventions in tourism settings must contend with entrenched consumer behaviours, industry resistance, and the paradox of promoting ecological responsibility within a growth‑oriented economic logic. Game‑based learning interventions should therefore be embedded within broader curricular frameworks that include structured debriefing, critical reflection on structural barriers, and opportunities for real‑world application—thereby bridging the gap between simulated experiences and on‑ground practice (Becken & Hay, 2007; Ruhanen & Shakeela, 2013). Without such scaffolding, even the most well‑designed game may fail to translate simulated awareness into durable sustainable action.
The findings of this study also resonate with broader discussions on the role of digitally mediated experiences—whether through serious games or social media platforms—in shaping environmental perceptions and behavioural intentions. Recent research in heritage communication has demonstrated that user‑generated content on social media actively constructs place identities and influences visitor expectations, with sentiment analysis revealing polarised discourses that can inform sustainable destination management (Çetin, Islak, Çınar, & Hassan, 2026). Although that study focused on cultural heritage rather than climate change, it underscores a convergent principle: procedural and narrative features of digital environments can be intentionally designed to foster systems thinking and responsibility among users. Future research should therefore explore synergies between game‑based learning and social media analytics, particularly in the context of sustainable tourism education and destination management.

SM‑2: Extended Recommendations for Stakeholders
Based on the findings of the study, the following actionable recommendations are offered for key stakeholder groups:
For Educators and Curriculum Designers
DOMINO: The Little One should be integrated into environmental education curricula not as a standalone activity but as a springboard for guided reflection, group discussion, and problem‑based learning tasks. The game’s feedback loops can be employed to illustrate systems thinking concepts by asking students to map cause‑and‑effect chains and identify leverage points for sustainable intervention. Gameplay ought to be supplemented with structured debriefing sessions that explicitly address the structural and political dimensions of climate change—such as energy systems, carbon taxation, and international agreements—in order to counterbalance the game’s individual responsibility bias. To maximise pedagogical impact, educators should design pre‑game activities that introduce key ecological concepts and post‑game assignments that require students to connect in‑game decisions with real‑world environmental policies and personal lifestyle choices (Foltz et al., 2019; Irabor et al., 2025). Furthermore, guidance materials supporting teachers’ climate literacy should be developed to facilitate the transfer of environmental awareness from digital tools to out‑of‑school actions and attitude transformation (Biçen et al., 2025).
For Game Designers and Developers
Multi‑scalar feedback mechanisms that reveal both local and global consequences of player choices should be incorporated into climate‑themed games to foster a more comprehensive understanding of ecological interdependence. Adaptive difficulty and branching narratives that respond to player decisions should be implemented, allowing for multiple pathways and outcomes that reflect the complexity of real‑world climate challenges. Collaboration with environmental scientists and educators is essential to ensure that in‑game information remains scientifically accurate, pedagogically sound, and free from oversimplification that may lead to misconceptions (Fjællingsdal & Klöckner, 2017; Stanitsas et al., 2018). Designers should also consider embedding perspective‑taking and meaningful feedback mechanisms into game architecture to concretise players’ cognitive learning processes regarding the climate crisis. Structuring game mechanics to foreground environmental responsibility makes the complex structure of the climate crisis more understandable while positively influencing participants’ attitudes and behaviours regarding sustainability (Ouariachi et al., 2017; Iwendi et al., 2025).
For Policymakers and Institutional Leaders
Funding and support should be directed toward the development of open‑access, evidence‑based serious games on climate change, making them available to schools, community organisations, and public awareness campaigns. Interdisciplinary partnerships between game studios, universities, and environmental agencies ought to be promoted to co‑create content that bridges entertainment value with educational rigour. The inclusion of game‑based learning modules in national environmental education frameworks and teacher training programmes should be advocated, recognising digital games as legitimate pedagogical tools rather than mere extracurricular supplements. Policymakers should also invest in longitudinal evaluation studies to measure the long‑term effects of game‑based interventions on environmental attitudes and behaviours, thereby building a robust evidence base for future educational policy (Meya & Eisenack, 2018; Hognon et al., 2026). Implementing these recommendations would enable stakeholders to harness the pedagogical power of serious games in cultivating a generation of environmentally literate and proactively engaged citizens capable of addressing the multifaceted challenges of the climate crisis.

SM‑3: Coding and Analysis Process Details
The coding process was carried out using MAXQDA 2022 software (VERBI Software, 2022) and proceeded in three distinct stages:
Stage 1: Directed Content Analysis – Initial codes were derived deductively from the theoretical framework. For the serious games dimension, codes included learning objective, task, trial‑and‑error, and feedback. For persuasive games, codes included choice‑consequence link, procedural claim, reward/punishment, and value orientation. For ecological literacy, codes included ecological knowledge, interdependence, systems thinking, affective proximity, and action orientation. This stage ensured that the analysis remained grounded in established theory while allowing for systematic exploration of the game’s design features.
Stage 2: Thematic Merging – Overlapping codes were merged into broader thematic categories. For example, trial‑and‑error and feedback were consolidated under experiential learning mechanisms. Similarly, choice‑consequence link and reward/punishment were merged into procedural rhetoric structures. This stage facilitated the identification of patterns across the data and reduced redundancy in the coding scheme.
Stage 3: Open Coding for Emergent Themes – For data units that did not fit the existing framework, open coding was applied to allow new themes to emerge inductively (Hsieh & Shannon, 2005). This stage revealed additional categories such as narrative immersion and emotional resonance, which were subsequently integrated into the final analytical model.
Inter‑Coder Reliability – To ensure the objectivity and reliability of the findings (Lincoln & Guba, 1985), two researchers independently coded 20% of the total data set (16 coding units). Inter‑coder agreement was calculated using Cohen’s Kappa coefficient (Cohen, 1960), yielding a value of κ = 0.83, which indicates an “almost perfect” level of agreement according to Landis and Koch’s (1977) classification. In cases of coding disagreements (e.g., units 7 and 13), the researchers discussed until a consensus was reached and revisited code definitions to ensure consistency.
Analytical Traceability – All coding decisions were recorded in a coding log, which included the date of coding, the coder’s initials, the code assigned, and the rationale for the coding decision. This log ensured analytical traceability and allowed for systematic review of the coding process.
Example Coding Unit – A typical coding unit consisted of a specific in‑game event, dialogue, or visual cue. For instance, the scene in which the player chooses between exploiting a resource for short‑term gain and conserving it for long‑term sustainability was coded under choice‑consequence link (persuasive games dimension), systems thinking (ecological literacy dimension), and task (serious games dimension). This unit was then further analysed to identify its rhetorical and pedagogical affordances.

SM‑4: Theoretical Framework Elaborations
Serious Games versus Gamification
A distinction that warrants elaboration is the difference between serious games and gamification—a distinction that is often blurred in the educational technology literature. Gamification refers to the application of game design elements (such as points, badges, and leaderboards) to non‑game contexts to motivate and engage users (Deterding et al., 2011). In contrast, serious games are complete games designed with a primary purpose other than pure entertainment—typically education, training, or behaviour change (Tan & Nurul‑Asna, 2023). While gamification superficially layers game elements onto existing activities, serious games embed learning objectives within the core mechanics of play, thereby enabling experiential and systems‑based learning that gamification alone cannot achieve (Yanık & Batu, 2019; Gölbaşı & Gökcek, 2022). This distinction is critical for understanding the pedagogical potential of DOMINO: The Little One, as the game’s educational value arises not from extrinsic rewards but from the intrinsic, procedural experience of navigating ecological constraints and observing their consequences.
Historical Development of Procedural Rhetoric
The concept of procedural rhetoric was introduced by Ian Bogost (2007) as a framework for understanding how video games make arguments through their rules and mechanics rather than through traditional rhetorical modes such as text or imagery. Bogost argued that the operational logic of a game—its procedurality—constitutes a form of persuasion that is uniquely suited to conveying complex systems and ethical dilemmas. In the intervening years, procedural rhetoric has been extended to domains such as political communication, health promotion, and environmental education (Coakley et al., 2015; Backe, 2018). The application of procedural rhetoric to climate change education is particularly promising because the climate crisis is itself a procedural phenomenon: it unfolds through complex, interdependent processes that resist linear narrative representation. By modelling these processes through rules and feedback loops, games such as DOMINO: The Little One can render the climate crisis procedurally legible, enabling players to internalise its systemic nature through direct interaction (Wang & Li, 2026).
Ecological Literacy as a Multidimensional Construct
Ecological literacy, as articulated by Roth (1992) and subsequently developed by numerous scholars, is not a unidimensional competence but a multifaceted construct comprising knowledge, affect, and action orientation (Mao, 2025; Okyay et al., 2022). Knowledge encompasses factual understanding of ecological principles and systems; affect includes environmental sensitivity, empathy, and values; action orientation refers to the capacity and motivation to engage in pro‑environmental behaviour. Digital games are uniquely suited to address all three dimensions simultaneously: they convey knowledge through simulation, evoke affect through narrative and visual immersion, and prompt action through decision‑making and feedback (Gardeli et al., 2017; Ho et al., 2022). However, the relative emphasis on each dimension varies across game designs. DOMINO: The Little One excels in the affective and action‑oriented dimensions but is more limited in its representation of structural and systemic knowledge, reinforcing the need for complementary pedagogical strategies (Galeote & Hamari, 2021).
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