








Revista de Administração Contemporânea

ISSN: 1415-6555 / 1982-7849

Associação Nacional de Pós-Graduação e Pesquisa em Administração






Ecofarming: A Gamified Simulation for Teaching Sustainable Entrepreneurship in Brazilian Biomes




Melo, Felipe Luiz Neves Bezerra de; Soares, Ana Maria Jerônimo

Ecofarming: A Gamified Simulation for Teaching Sustainable Entrepreneurship in Brazilian Biomes

Revista de Administração Contemporânea, vol. 29, no.  1, e240218, 2025

Associação Nacional de Pós-Graduação e Pesquisa em Administração


Available in: https://www.redalyc.org/articulo.oa?id=84083063005



Received:  29 July  2024

Accepted:  04 December 2024

Published:  14 March  2025





DOI: https://doi.org/10.1590/1982-7849rac2025240218.en





Funding

					

Funding source: Fundação Norte-Rio-Grandense de Pesquisa e Cultura

					

Contract number: 552023

				

Funding statement: The authors thank to the Fundação Norte-Rio-Grandense de Pesquisa e Cultura (FUNPEC) for the support through the project Project 552023.




















Technological Article




Ecofarming: A Gamified Simulation for Teaching Sustainable Entrepreneurship in Brazilian Biomes




Ecofarming: Simulação Gamificada para Ensino de Empreendedorismo Sustentável em Biomas Brasileiros




Felipe Luiz Neves Bezerra de Melo 
 felipe.neves@ifrn.edu.br


Instituto Federal de Educação, Ciência e Tecnologia do Rio Grande do Norte, Brazil




 





Ana Maria Jerônimo Soares 
 amaria.soa@gmail.com


Universidade Federal do Rio Grande do Norte, Brazil




 










ABSTRACT 


Objective: 
training for sustainable practices can mitigate the environmental impacts of expanding production systems. Brazil, a leader in agriculture, is a favorable setting for this type of training. Recently, it included entrepreneurship education (EE) in the National Common Curricular Base (BNCC). Thus, there is an opportunity to integrate the teaching of sustainable entrepreneurship with innovative approaches, such as gamification. From this perspective, the literature highlights two main problems: (I) the lack of a gamified tool for teaching sustainable entrepreneurship in Brazil that considers local elements such as biomes and geographical characteristics; and (II) the scarcity of gamified approaches in EE in high school. This article presents the proposed gamified simulation called EcoFarming, a multiplayer web platform aimed at the high school context, simulating entrepreneurship and sustainable agricultural management in Brazil. 



Method: 
the study followed the methodological steps of design science research (DSR), including the design, ideation, and conceptual model of the game. 



Results: 
in summary, the resulting prototype considers that players will make decisions for the creation and management of an agricultural enterprise, integrating dynamics based on the Brazilian context, its different biomes, and specific environmental conditions of the country. 



Conclusions: 
the article presents opportunities for future studies and recommendations. Its application in the educational context has the potential to increase awareness among students and professionals, empowering them to adopt attitudes aligned with the Sustainable Development Goals (SDGs): 2 (Zero Hunger and Sustainable Agriculture), 7 (Affordable and Clean Energy), 12 (Responsible Consumption and Production), and 13 (Climate Action).



Keywords: Gamification, entrepreneurship education, sustainable development, energy transition, sustainable agricultural economy.
	                            

RESUMO 


Objetivo: 
a capacitação para práticas sustentáveis pode mitigar os impactos ambientais da expansão dos sistemas de produção. O Brasil, destaque na agropecuária, é um cenário propício para esse tipo de formação. Recentemente, incluiu a educação para o empreendedorismo (EE) na Base Nacional Comum Curricular (BNCC). Assim, há uma oportunidade de integrar o ensino de empreendedorismo sustentável com abordagens inovadoras, como a gamificação. Nessa perspectiva, a literatura aponta dois problemas principais: (I) a falta de uma ferramenta gamificada para o ensino de empreendedorismo sustentável no Brasil, que considere elementos locais como biomas e características geográficas; e (II) a escassez de abordagens gamificadas na EE no ensino médio. Este artigo propõe a simulação gamificada denominada EcoFarming, uma plataforma web multijogador, direcionada ao contexto do ensino médio, que simula empreendedorismo e gestão agropecuária sustentável no Brasil.



Método: 
o estudo seguiu as etapas metodológicas do design science research (DSR), incluindo a concepção, ideação e modelo conceitual do jogo. 



Resultados: 
o protótipo resultante considera que os jogadores tomarão decisões para criação e gestão de um empreendimento agropecuário, integrando dinâmicas baseadas no contexto brasileiro, seus diferentes biomas e condições ambientais específicas do país. 



Conclusões: 
o artigo apresenta oportunidades para estudos futuros e recomendações. Sua aplicação no contexto educacional tem o potencial de aumentar a sensibilização de estudantes e profissionais, capacitando-os a adotar atitudes alinhadas aos Objetivos de Desenvolvimento Sustentável (ODSs): 2 (fome zero e agricultura sustentável), 7 (energia limpa e acessível), 12 (consumo e produção sustentáveis) e 13 (ação contra a mudança global do clima).



Palavras-chave: Gamificação, ensino de empreendedorismo, desenvolvimento sustentável, transição energética, economia agrícola sustentável.
                                    






		
			INTRODUCTION

			Global population growth has driven the demand for food and energy, fostering a transformation in agri-food systems. In this context, the agribusiness sector stands out globally, not only for its role in economic development, but also, especially, for its influence on socio-environmental issues and food security (Basso et al., 2024; Oberoi et al., 2023). Furthermore, Brazil’s agricultural production potential is noteworthy, as the country is projected to become the world’s leading exporter as of 2024 (Empresa Brasileira de Pesquisa Agropecuária [EMBRAPA], 2024). 

			According to estimates from the United Nations Food and Agriculture Organization (FAO) and the Brazilian Agricultural Research Corporation (EMBRAPA), the global population is projected to reach 8.6 billion by 2030 and approximately 9.7 billion by 2050 (United Nations/Organização das Nações Unidas [ONU], 2022). Thus, agribusiness is responsible for sustainably meeting the growing demand for food. In contrast, to achieve the goal of developing an inclusive, sustainable, and resilient agribusiness sector, it is essential to recognize the importance of individual capacity building (FAO, 2024), fostering innovation in the educational system to enhance knowledge transfer and skill development in this field (Santos et al., 2024; Khademi-Vidra et al., 2024; Xu et al., 2023). 

			From this perspective, the lack of training may compromise compliance with social and environmental requirements in production systems (FAO, 2024). This argument becomes even more evident when considering the several ways to qualify individuals, ranging from continuous training programs to debates and awareness initiatives. Without proper training, an individual may be motivated to act sustainably but lack the necessary knowledge to apply best practices. Therefore, it is crucial to develop teaching and learning programs that simulate agricultural and livestock production while considering the challenges inherent in these activities (Santos et al., 2024). 

			One way to contribute to this training is to strategically enhance entrepreneurship education (EE) programs, with a focus on agribusiness and sustainable practices (Paredes-Rodríguez et al., 2023; Strousopoulos et al., 2023; Torralba-Burrial & Dopico, 2023), aiming to prepare students, future professionals, and entrepreneurs in the field to address the scarcity of natural resources (Melo & Soares, 2024; Melo et al., 2023). The Brazilian context is particularly favorable for addressing this topic, as the country stands out in agricultural and livestock production. Moreover, with the recent inclusion of entrepreneurship education (EE) in the National Common Curricular Base (BNCC) (Brasil, 2018; Lei no. 14.945, 2024), there is an opportunity to integrate EE with an emphasis on environmental issues. This reinforces the need to develop new methodological approaches for its implementation, particularly tailored to young high school students.

			In this context, three strategies stand out for bridging classroom learning with real-world situations: games, simulations, and gamification. According to Kapp (2013) and Boller and Kapp (2018), these three concepts coexist but are not synonymous. Games can be classified into categories focused on entertainment and enjoyment (entertainment games), knowledge creation, learning, and skill development (serious games), as well as simulations, which recreate real-life situations. Simulation, therefore, is a category of games whose primary objective is the recreation of realities. Additionally, gamification involves applying game elements in non-game contexts, such as education (Boller & Kapp, 2018; Kapp, 2013).

			Gamification has been widely used in entrepreneurship education in general, and some studies highlight opportunities for its application in agribusiness education (Kovács et al., 2021; Oberoi et al., 2023), demonstrating increased student motivation and engagement (Langendahl et al., 2017). Additionally, the use of games has been shown to foster the development of strategic thinking and decision-making in beekeeping practices (Strousopoulos et al., 2023), as well as raise awareness about sustainable fishing (Huang et al., 2020; Khademi-Vidra et al., 2024; Paredes-Rodríguez et al., 2023; Torralba-Burrial & Dopico, 2023). 

			In summary, gamified approaches in entrepreneurship education, particularly those focused on agriculture or livestock, may face limitations in the selection of tools used. For instance, some business games or simulations tend to address generic themes, disregarding local socioeconomic and environmental aspects (Hernandez-Aguilera et al., 2020; Torralba-Burrial & Dopico, 2023; Xu et al., 2023). Although the educational objectives of gamification should align with the Sustainable Development Goals (SDGs), this is not always reflected in the dynamics of these activities (Huang et al., 2020; Khademi-Vidra et al., 2024; Paredes-Rodríguez et al., 2023; Torralba-Burrial & Dopico, 2023). Furthermore, the literature highlights a scarcity of gamification applications in secondary education, with a predominance of approaches aimed at higher education (Faisal et al., 2022; Soares et al., 2024; Talukder et al., 2024). 

			Based on the foregoing, the research problem lies at the intersection of two main dimensions: (I) the challenge of finding an effective gamified tool for teaching sustainable entrepreneurship in Brazil, one that adequately addresses specific elements of the local context, such as biomes and geographical characteristics; and (II) the scarcity of gamified approaches aimed at entrepreneurship education (EE) in secondary education. Thus, this article aims to propose and present a gamified simulation titled EcoFarming. This multiplayer web-based tool is designed for high school students and seeks to simulate entrepreneurship and sustainable agribusiness management within the Brazilian context. To achieve this, the study adopted the methodological stages of design science research (DSR), covering the conception, ideation, and conceptual model of the game. The performance metric used in EcoFarming’s dynamics will be the clean economy index (CEI), a composite indicator that optimizes revenue generation while ensuring compliance with operational sustainability goals.

			When developing a learning technology based on gamification, it is essential to recognize commonalities between games (entertainment, serious games, and simulations) and gamification. Thus, the central purpose of this proposal is educational/instructional (as in serious games) while incorporating elements of fun to make the process more engaging and enjoyable (a characteristic of entertainment games), along with reality simulation (Boller & Kapp, 2018). Therefore, when referring to a ‘gamified simulation,’ this study proposes a simulation of real-life scenarios involving the creation and management of sustainable entrepreneurship. However, its scope goes beyond merely replicating reality, as it integrates game elements such as challenges, rules, feedback, scoring, rewards, and levels to enrich educational activities, engage and motivate students, and enhance their skills, thereby characterizing it as gamification.

			It is worth noting that by targeting high school education within the Brazilian context, this study has the potential to contribute to the cross-curricular approach emphasized by the National Common Curricular Base (BNCC), fostering the integration of contemporary topics such as sustainable development. In this sense, the gamified simulation, adapted to the local context, is based on the premise that entrepreneurship education can create value for young individuals even before they enter higher education (Lackéus, 2018). Additionally, the focus on Brazilian biomes as a key element of the EcoFarming proposal is supported by the literature, as it facilitates the contextualization and application of content, preventing the use of examples and scenarios that are distant from the participants’ reality (Lackéus, 2018; Pombo Menezes et al., 2024).

			This paper reinforces the need to dissociate entrepreneurship education (EE) from a purely capitalist ideal, as it is not limited to fostering skills for business creation. According to the National Common Curricular Base (BNCC), the objective is to support young people in recognizing their entrepreneurial potential and vocations, allowing them to “identify perspectives and possibilities, build aspirations and goals for present and/or future education and professional integration” (Brasil, 2018, p. 466). Thus, it contributes to the development of more creative and innovative individuals, capable of facing the new challenges of the world (Lackéus, 2018). 

			Although some studies criticize entrepreneurship education (EE), viewing it as “a new work order that shifts focus away from rights and job stability, reduces business costs, and favors big capital” (Costa & Caetano, 2021, p. 21), this proposal aligns with Lackéus (2018) perspective and acknowledges the relevance of the topic at various societal levels. It highlights that the effectiveness of entrepreneurship education goes beyond job creation, as it can help empower young people to apply their knowledge in addressing socio-environmental challenges. 

			The consolidation of the EcoFarming simulation presents technological and social contributions and can be justified for several reasons. First, by leveraging the potential of digital technologies to develop gamification-based educational tools, this application can assist in training a new generation of individuals for the Brazilian agribusiness sector. These individuals would be prepared to tackle global challenges such as the environmental crisis and pursue long-term sustainability through responsible production practices. This justification aligns with the agenda of the United Nations Food and Agriculture Organization (FAO), which emphasizes that eradicating hunger and poverty is not possible without empowering men and women in agri-food systems (FAO, 2024). 

			Finally, another key contribution of this proposal is that the gamified simulation prototype incorporates elements overlooked in previous approaches. These include a narrative centered on decision-making that requires good practices and reflection on the environmental impacts of agribusiness expansion, as well as the integration of dynamics based on the Brazilian context, its diverse biomes, and the country’s specific environmental conditions. From a theoretical perspective, this article contributes to expanding academic discussions on the potential of gamification in teaching sustainable practices in agribusiness. The next stages of EcoFarming’s development and its application in entrepreneurship education, with a focus on Brazilian agribusiness, may encourage future empirical studies, involving experiments that seek to understand the causal relationships between gamified approaches, perceptions of sustainability practices, and entrepreneurial behavior - considering agricultural production not in isolation but as integrated with the demands of other economic sectors.

		

		
			GAMIFICATION IN ENTREPRENEURSHIP EDUCATION (EE)

			In recent years, gamification has been increasingly employed for educational purposes, leveraging the potential of game dynamics and elements in academic settings (Isabelle, 2020). This approach aims to make the teaching-learning process more engaging and interactive (Fox et al., 2018; Chen, Albert et al., 2022; Chen, Tang et al., 2022), complementing traditional methodologies (theoretical classes) and enhancing student participation and engagement across various fields of knowledge (Lyons et al., 2023; Zulfiqar et al., 2019). 

			Regarding the theoretical foundations of gamification, several theories help explain the outcomes observed in gamified approaches, notably flow theory (Csikszentmihalyi, 1990) and self-determination theory (SDT) (Deci & Ryan, 2000). In this context, flow theory is applied in gamified education to illustrate how a mental state can lead to more enjoyable and engaging learning experiences (Melo & Soares, 2024). When students are deeply engaged in a task, they experience increased motivation, autonomy, and a desire to persist, which can be explained by the concept of flow (Csikszentmihalyi, 1990). Thus, flow can help account for students’ satisfaction and participation levels when using games in the classroom (Fox et al., 2018; Liu & Wang, 2019).

			To understand human motivation, it is essential to consider psychological needs such as autonomy, competence, and social connection, as highlighted by self-determination theory (Deci & Ryan, 2000). From this perspective, immersion in a gamified simulation is linked to competence, as it presents challenges, achievements, mistakes, successes, and growth opportunities for students (Deci & Ryan, 2000; Melo & Soares, 2024). Additionally, the sense of control and interest in progressing within the game reflect the pursuit of autonomy (Deci & Ryan, 2000). Lastly, the need for social connection involves the sense of belonging to a group (Deci & Ryan, 2000). In educational gamification, cooperation and competition between teams are key dynamics that can influence participants’ motivation.

			The gamified simulation for entrepreneurship education follows a methodological approach based on experience, reflection, thinking, and action, in line with experiential learning theory (ELT). According to this theory, learning occurs through a four-stage cycle: concrete experience, reflective observation, abstract conceptualization, and active experimentation (Kolb & Kolb, 2009; Kolb et al., 2014). In the context of the EcoFarming proposal, students go through all four phases. Concrete experience takes place when participants make initial decisions about starting a business, acquiring new experiences. Then, in reflective observation, they analyze the outcomes of these decisions and consider the significance of their experiences. Next, abstract conceptualization occurs when participants develop innovative ideas or refine their strategies based on acquired information. Finally, in active experimentation, they apply these innovative ideas in the simulation, assess the results, and determine whether further adjustments are needed.

			
				Gamification, entrepreneurship, and sustainable agribusiness: Research scope

				Gamification can help bridge the gap between intention and action, encouraging agricultural entrepreneurs to adopt new practices and technologies (Oberoi et al., 2023). In this study, recent systematic and scoping reviews on gamification and entrepreneurship education (EE) were consulted as part of the problem identification process. Talukder et al. (2024) conducted a comprehensive analysis, reviewing 3,787 articles published up to December 2022. Their study highlighted the need to integrate EE with gamification. Additionally, the review revealed that most publications and methodologies focus on higher education. Soares et al. (2024) found similar results, suggesting the expansion of gamification in EE to primary and secondary education. In this regard Talukder et al. (2024) emphasize the importance of focusing on developing countries, where many high schools include entrepreneurship as a curricular pathway (Talukder et al., 2024).

				
					Talukder et al. (2024) also highlight that EE can serve as a key mechanism for achieving the Sustainable Development Goals (SDGs) by encouraging entrepreneurs to create businesses aimed at solving social and environmental issues. This is particularly reflected in the following actions: (1) promoting entrepreneurship, socioeconomic development, poverty eradication, and decent work (SDGs 1 and 8); (2) encouraging female participation in entrepreneurship, fostering gender equality (SDG 5); (3) contributing to sustainable practices when business ideas focus on social or environmental impact (SDG 12); (4) fostering technological advancement, innovation, and infrastructure through entrepreneurship (SDG 9); and (5) supporting learning and quality education (SDG 4).

				The systematic review conducted by Faisal et al. (2022) analyzed 57 empirical studies on the use of serious games and business simulations, published between 2015 and 2022. Their research indicates that learning assessments can occur at distinct stages of the games, using qualitative measurements (instructor observations) and quantitative metrics (game results). The authors emphasize that this methodological approach positively impacts skill development, knowledge acquisition, and behavioral change.

				
					Silva et al. (2019), in their analysis of 244 articles published between 2012 and 2017, highlight the great potential of gamification in management education but stress the need to further investigate the educational resources used, their applications, and their contributions to the teaching-learning process in different management fields. Meanwhile, Crespo-Martinez et al. (2024), in a quantitative synthesis of 171 articles and a meta-analysis of 65 studies, identified key factors that contribute to simulated entrepreneurial learning. These include realism, usability, continuous feedback, personalized content for different entrepreneurial skills, cultural and demographic influences, and contextual relevance, ensuring that the game’s narrative and dynamics reflect students’ realities.

				Gamification presents opportunities for educational innovation and training in the agribusiness sector (Khademi-Vidra et al., 2024; Strousopoulos et al., 2023; Xu et al., 2023). Although evidence in this field remains limited, innovative gamified methodologies for agriculture, livestock farming, and related areas hold significant importance - not only by making training more engaging but also by promoting awareness and the adoption of pro-environmental behaviors (Charkova, 2024; Oberoi et al., 2023), This reinforces the role of education in sustainable development as a response to growing global challenges (Charkova, 2024). 

				Some potential outcomes of gamification in sustainable agricultural entrepreneurship education, from a systemic perspective, are illustrated in Figure 1.

				
					

[image: 1982-7849-rac-29-01-e240218-gf1.jpg]


Figure 1



Overview of potential outcomes of gamification in sustainable agribusiness education.







Source: Elaborated by the authors.






				

				According to Langendahl et al. (2017), entrepreneurship education in the agricultural sector requires an interdisciplinary approach, where participants must actively engage in activities. For this reason, gamification can be implemented as a pedagogical tool to achieve more effective learning outcomes. In this context, games that address risk, uncertainty, cooperation, and coordination encourage students to develop collective decision-making skills that promote production aligned with nature conservation and the management of scarce resources (Huang et al., 2020; Melo & Soares, 2024). 

				In summary, regarding the outcomes of gamification in agricultural education, researchers have observed that this strategy enhances student engagement in agricultural management and development education (Kovács et al., 2021; Langendahl et al., 2017), fosters behavioral change, and promotes more efficient and sustainable agricultural practices (Oberoi et al., 2023). Supporting this discussion, Strousopoulos et al. (2023) analyzed the use of a game for agriculture and beekeeping education, finding that positive impacts on strategic thinking and decision-making ability are related to the game’s design, elements, and core mechanics. In other words, it is essential for game dynamics to place students in managerial roles, requiring them to apply information and knowledge to responsibly manage resources.

				In the context of sustainable fisheries, challenges, narratives, and multiple pathways to achieve objectives - along with the sense of progress in games - have enhanced decision-making skills in educational activities. Students reported increased awareness of the socio-environmental impacts of fishing and the importance of ocean conservation (Huang et al., 2020; Khademi-Vidra et al., 2024; Paredes-Rodríguez et al., 2023; Torralba-Burrial & Dopico, 2023). As a result, participants recognize the importance of advancing fisheries while addressing urgent environmental sustainability challenges (Kovács et al., 2021; Langendahl et al., 2017).

				To provide an overview of the key studies discussed in this subsection, Table 1 summarizes the context, game segment, focus of analysis, and gamification outcomes in recent research.

				
					

Table 1




Synthesis of studies on gamification in the sustainable agribusiness sector.
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 Note. * Not applied to a specific educational level; this study consists of a scoping analysis across various contexts where gamification has been implemented for agricultural training activities. Source: Elaborated by the authors.






				

				Based on the identified literature, gamification can be applied in various contexts for teaching sustainable entrepreneurship, encouraging students to explore different approaches to this economic activity (Khademi-Vidra et al., 2024; Langendahl et al., 2017). All the studies highlighted in this section utilized pre-developed and validated gamification tools. This suggests that, even when carefully selected, these resources may contain general elements that do not fully align with all agricultural and fisheries environments. For instance, some games may be designed to simulate international agriculture, featuring narratives that do not necessarily reflect the local reality of a given region, as countries have diverse climatic, economic, cultural, and social characteristics.

				Thus, there are opportunities for educators, game developers, policymakers, and other professionals involved in entrepreneurship education (EE) - particularly in the agribusiness sector - to develop new tools or adapt existing games to enhance their functionality and applicability in specific contexts. This can help reduce the gap between gamified experiences and their real-world application in entrepreneurship (Ruiz-Alba et al., 2019), considering the unique characteristics of the environment that will likely become the future workplace of participants. 

				Finally, as previously contextualized, considering the recent reforms in Brazilian high school education, implemented through Federal Law No. 14,945/2024, which restructured the National High School Policy on July 31, 2024 (Lei no. 14.945, 2024), it is relevant to align this reform with the potential of gamification. Additionally, the new guidelines of the National Common Curricular Base (BNCC) for high school include entrepreneurship as a core axis within the Human and Social Sciences curriculum, aiming to foster youth empowerment, with a focus on self-awareness and life planning (Lei no. 14.945, 2024; Pombo Menezes et al., 2024). The reform is set to be fully adopted by 2027, starting in 2025. In this context, this gamified simulation proposal will be implemented in high school, with a focus on education for sustainable entrepreneurship, leveraging the academic and policy discussions surrounding the topic.

			

		

		
			METHODOLOGY

			The design science research (DSR) approach in this study guided the creation of the EcoFarming simulation proposal. The DSR method is based on iterative cycles and is used to propose and develop artifacts, referring to solutions specifically designed to address particular problems (Hevner & Chatterjee, 2012). This approach structures the stages of ideation, design, development, evaluation, and refinement of the proposed solution, which is the main objective of this research (Angeluci et al., 2020; Silva et al., 2023). 

			The choice of DSR is justified by its ability to combine environmental characteristics with a knowledge base, integrating theory and practice in the development of the artifact. This methodology allowed the simulation design to be built upon theoretical foundations of gamification in entrepreneurship education and sustainable agribusiness management, while also ensuring that it will be tested and validated in practice in future stages, involving potential users.

			We emphasize that, at the time of concluding this manuscript, a team of software developers involved in this project continues to develop and implement the proposal. After completing the initial version, the team will conduct comprehensive tests and necessary adjustments. Figure 2 illustrates the stages considered in this process.
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Figure 2



Stages of EcoFarming creation.







Source: Elaborated by the authors.






			

			The proposal began with the literature review, as design science research (DSR) recommends that the identified problem should be grounded in theoretical frameworks and empirical evidence. Additionally, the results must contribute to scientific knowledge and provide new evidence in a specific field (Angeluci et al., 2020; Hevner & Chatterjee, 2012). 

			In designing EcoFarming, decisions were based on widely recognized theories in the literature as well as recent empirical evidence. Furthermore, the proposal aims to contribute to the knowledge base through documentation, application, and publication of results, thus offering perspectives, insights, and recommendations for other researchers and stakeholders interested in the topic. 

			This research sought to integrate interactions between the environment and the knowledge base through the three methodological cycles of the DSR process: 

			
				

	
						Relevance: which involves recognizing needs and identifying the problem (Hevner & Chatterjee, 2012); 

					

	
						Design: which represents the core stage where the solution or artifact is designed and developed, ensuring a connection between the relevance and rigor cycles (Hevner & Chatterjee, 2012); 

					

	
						Rigor: the stage in which efforts are made to ensure that the technology/solution is developed and tested based on appropriate methods and theoretical foundations. 

					



			

			During the relevance cycle, an opportunity was identified to introduce a contextually relevant educational tool into the Brazilian landscape to address a key challenge: existing digital games do not comprehensively incorporate the specific elements of the Brazilian context, such as distinct biomes, climates, and geographical characteristics. Furthermore, as part of the problem identification process, a review of recent literature was conducted, focusing on systematic and scoping reviews on gamification, entrepreneurship education, and sustainable agribusiness, covering data from different countries, including Brazil.Talukder et al. (2024) and Soares et al. (2024) revealed that most publications and methodologies primarily focus on higher education, and no Brazilian studies were identified in the high school context. 

			Although Soares et al. (2024) mention the Brazilian study by Melo et al. (2023), it was not analyzed, as it was published after the systematic review period (2017-2022). The cited study implemented a simulation on sustainable fisheries entrepreneurship in high schools, but the tool used was developed by American researchers, meaning it did not accurately reflect the Brazilian reality.

			In the rigor cycle, an academic knowledge mapping was also conducted through literature review, scoping analysis, and the examination of empirical evidence from quasi-experiments and case studies. This initial scoping review served as the foundation for generating ideas on the structure and dynamics of the simulation. This ideation process was integrated into the DSR methodology as a reflective stage, assessing how the proposed simulation could contribute to the development of entrepreneurial competencies focused on sustainable production practices among high school students. Thus, it acted as a link between problem identification and the definition of functional requirements. Additionally, since some members of this project are educators in the fields of entrepreneurship and organizational management, with experience in using gamification in their teaching, their scientific expertise was leveraged to support the collection of information needed for defining the conceptual model of the proposed tool. 

			It is important to highlight that the EcoFarming simulation is being developed by a multidisciplinary team of professionals from the fields of management and information technology (IT). This team includes three educators with expertise in management, entrepreneurship education at both high school and university levels, and the application of gamification in teaching. This solid foundation enabled regular brainstorming sessions, where each team member contributed insights on the effective integration of gamification elements into the proposed design. 

			After compiling the observations and collecting data, the team held meetings with three IT specialists to discuss the software engineering and development process. During these discussions, educators and developers assessed potential platform functionalities, explored best practices, and refined the functional requirements of the simulation. This iterative process ensured that developers could proceed with implementing the initial version, setting the stage for future testing and refinements.

			Finally, in the design cycle, which represents the central stage of the research, the researchers developed the conceptual model of the simulation, integrating it with the other two cycles mentioned previously. Furthermore, subsequent tasks were defined, including their implementation, evaluation, and testing for the refinement of the research-generated product (Hevner & Chatterjee, 2012). The elements considered for implementation in the simulation, in accordance with the environment and the knowledge base, will be presented later in the section on the functional requirements of EcoFarming. 

			During the literature review for problem and requirement identification, it became clear that gamification provides a promising foundation for entrepreneurship education at the high school level. However, there is a need for clear guidelines on how to design the elements of this approach. The game science paradigm emphasizes key aspects such as play, knowledge in action, reflection, learning, and understanding (Wijse-van Heeswijk & Kriz, 2023). Furthermore, game science argues that game design is the starting point (Klabbers, 2018).

			In this context, throughout the three methodological cycles of the DSR process (relevance, rigor, and design), the EcoFarming simulation was designed based on the integration of: (1) actors - professionals with expertise in gamification for high school entrepreneurship education and game developers; (2) contexts - specific characteristics of Brazilian biomes; (3) technological systems - a multiplayer platform. These three factors align with the recommendations of Wijse-van Heeswijk and Kriz (2023), which provide guidance on designing and evaluating games and simulations for educational purposes. 

			
				Figure 3 presents the research model, adapted from the information systems framework proposed by Hevner and Chatterjee (2012), and also applied by Silva et al. (2023).
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Figure 3



Research model.







Source: Designed by the authors based on Hevner, A. R., & Chatterjee, S. (2012). Design Science in Information Systems. In Information System Theory (vol. 28). Springer. https://doi.org/10.1007/978-1-4419-6108-2 and Silva, A. E., Albuquerque, E. G. M., Lira, K. G., Lima, F. F., & Luna, A. J. H. O. (2023). MASTER-CIO: Uma aplicação transdisciplinar de serious games para o ensino de Tecnologia da Informação. Gestão.Org - Revista Eletrônica de Gestão Organizacional, 21, 1-29. https://doi.org/10.51359/1679-1827.2023.256853






			

			The performance metric adopted in the artifact will be the clean economy index (CEI), an indicator that balances revenue optimization with the achievement of sustainability goals in operations. The choice of the CEI is justified by the need for gamified strategies that incorporate sustainability objectives (Charkova, 2024), as focusing solely on wealth maximization would not be an adequate sustainability indicator (Melo & Soares, 2024; Melo et al., 2023). 

			To optimize the performance measurement process in the game, the developers chose to employ data envelopment analysis (DEA). This method examines multiple inputs, such as the decisions made in each round, and generates corresponding outputs, including feedback and results. DEA establishes an efficient frontier to identify the most efficient units in the game, represented by agricultural farms managed by the teams. In this way, the CEI metric is estimated, which ranks the participants in the simulation. Furthermore, the inputs considered include cultivable land area, preserved land area, clean energy generated, technology level, and operational cycle cost. As for the outputs, the model incorporates operational cycle revenue, total assets, and overall cycle production.

			The procedures for testing the first version of the EcoFarming simulation, scheduled to begin between late 2024 and early 2025, will include conducting quasi-experiments with high school classes, initially at a federal institution offering entrepreneurship and organizational management courses. In addition to a pilot empirical study on the impact of gamification on learning and other variables, questionnaires will be administered, observations will be made, and interviews will be conducted with students and teachers to collect qualitative data on user experience. This information will allow for adjustments and improvements before the definitive version of the proposal is consolidated.

			
				Functional requirements of EcoFarming

				The relevance and rigor cycles enabled the definition of the main functionalities to be implemented in the simulation. For this purpose, eventual limitations found in gamifications applied in the context of entrepreneurship related to sustainable agribusiness were verified in the literature. Table 2 summarizes the EcoFarming requirements, defined based on a scoping review that identified the primary limitations of gamification initiatives targeting entrepreneurship in the context of sustainable agribusiness. Additionally, cycles of relevance and rigor guided the definition of these requirements, enabling the selection of critical functionalities to implement in the proposed simulation. Based on the scoping review, we incorporated the elements highlighted in Table 2 as essential requirements, aiming to overcome the identified deficiencies and promote a sustainable approach. Thus, these elements were highlighted as possible requirements for the simulation proposed in this study. The results of this analysis are presented in Table 2. 

				
					

Table 2




Definition of EcoFarming requirements.
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 Note. Elaborated by the authors.






				

				It is relevant to highlight that these are some components currently being implemented to compose the simulation’s dynamics, and they may be unfolded into other criteria throughout the development process. In general, the relevance and rigor cycles enabled the identification of various management and sustainability elements that can be explored in classes through EcoFarming. Therefore, this concern with the existing limitations in other methodologies distinguishes this proposal from other tools, which, although robust and relevant, fail to consider the identified requirements. Finally, the stages of the proposed simulation, as well as the detailing of its parameters, will be presented in the following section.

			

		

		
			PARAMETERS AND CYCLES OF THE PROPOSED SIMULATION

			In the sustainable entrepreneurship education simulation called EcoFarming, the narrative places players in the role of managers of an area of up to 100 hectares, acting as entrepreneurs in the Brazilian agribusiness sector. In this context, participants must make important decisions related to the energy source, water resource use, types of activities (agriculture or livestock), operation mode (organic or conventional), and production management. Thus, the requirement to stimulate the students involved to assume roles like real entrepreneurs in the addressed area is fulfilled (Torralba-Burrial & Dopico, 2023).

			Regarding the phases of the proposed simulation, to advance in the dynamics, the participant will encounter two main stages: (1) Phase 1 - Operation setup, which concerns the configuration of the operation, involving seven decisions for the creation of the business; and (2) Phase 2 - Simulation, which consists of the cycles in which the student will effectively manage their property. Thus, in the second phase, the farm’s performance will be evaluated over time, divided into seasons. 

			
				First phase: Operation setup

				
					Figure 4 highlights that participants begin the simulation with seven decisions to configure the creation of the business, including the team’s name, biome, type of cultivation/breeding, production system (organic or conventional), usable area to be utilized, technology to be employed, and energy source. In this stage, participants structure their operation before starting farm management. The seven decisions made can have a positive or negative impact throughout the game, with each one being associated with a financial allocation. Thus, participants start Phase 1 with a capital of 10,000 monetary units, which they must distribute throughout the dynamics. 
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Figure 4



Participant setup stage decisions.







Source: Elaborated by the authors.






				

				After defining the team and farm name in Decision 1, the participant/group must choose, in Decision 2, the geographic area to work in (biome). In this stage, six biomes are available, representing all Brazilian regions: Caatinga, Atlantic Forest, Cerrado, Araucaria Forest, Amazon Rainforest, and Pantanal. Each region of Brazil presents one or more characteristic biomes that can be incorporated into the simulation to add variety and authenticity, meeting the need to include elements in the game that demonstrate the real scenario of each region (Hernandez-Aguilera et al., 2020; Torralba-Burrial & Dopico, 2023; Xu et al., 2023). 

				Thus, all regions of Brazil are represented by the EcoFarming simulation. However, participants must make strategic decisions about which activity would be most appropriate for the chosen geographic area, aiming to achieve better results, since different biomes can influence the types of crops and animals most suitable for each farm, in addition to presenting specific challenges, such as water resource management in the Caatinga or adaptation to flood seasonality in the Pantanal. 

				Next, in Decision 3, cultivation, participants will choose the type of agricultural or livestock activity for their area. Thus, if they select agricultural cultivation, the production possibilities are soybeans, cashew, sugarcane, coffee, or cocoa. On the other hand, if the participant decides to operate in livestock, they must select the breeding of cattle, pigs, goats, or poultry. The choice of breeding should present better adaptation to the previously selected geographic area, as the alignment between biome and cultivation/breeding will be decisive for the participant/team’s performance.

				In Decision 4, participants must choose between operating with organic or non-organic cultivation/breeding methods. This choice will influence the calculation of the clean economy index, which will determine the ranking of participants/teams. In this context, opting for organic cultivation will imply a higher initial cost for production control. However, depending on the cultivation and biome selected, the added value of production can make this decision more efficient. On the other hand, non-organic cultivation can result in higher productivity rates, but with lower added value and greater environmental impact on the operation.

				Decision 5 falls on the production area. Participants/teams must allocate resources to acquire a productive area. Thus, the simulation provides three options: (1) small area (1 to 30 hectares), with lower cost; (2) medium area (31 to 60 hectares), with intermediate initial cost and production capacity; and (3) large area (61 to 100 hectares), with the highest initial cost, but enabling economies of scale. Thus, once the choice is made, participants can expand or reduce their productive area through land auctions, provided they remain within the limits established by the initial size of their property.

				After choosing the production area, still in the setup stage, the participant/team will move on to Decision 6, which involves the choice of technology. Thus, they must select which productive technology paradigm they will operate in. The proposed tool lists three options: rudimentary technology, intermediate technology, or precision agriculture/livestock. Each selection will imply distinct costs, but depending on the scenario, biome, and cultivation/breeding, it may operate on the efficiency frontier curve. 

				In the last stage of the setup phase (Decision 7), the participant must choose their energy matrix, being able to be a consumer, prosumer, or producer. In this context, each configuration will allow benefits in the clean economy index, as well as affect the participants’ performance. The energy options are hydroelectric, photovoltaic (solar), and wind energy.

				After the setup, the team’s operation background screen is generated, showing the returns of the decisions made. To illustrate this process, Figure 5 presents results for two different teams. On the left side of Figure 5, a dairy production operation in the Brazilian Cerrado is demonstrated. It is observed that the participant selected a cultivation suitable for the biome. Furthermore, they chose an advanced agriculture operation, and their energy source is photovoltaic. 
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Figure 5



Operation with cattle raising in the Cerrado and coffee cultivation in the Caatinga.







Source: Elaborated by the authors (2023), with the help of generative artificial intelligence.






				

				On the right side of Figure 5, it is possible to observe the screen of a participant who selected coffee cultivation in the Brazilian Caatinga, with rudimentary technology, as well as did not opt for energy production. Therefore, it portrays the low suitability of the Caatinga biome for coffee cultivation, which will impact the participant’s productivity, as well as their performance.

				Furthermore, for each setup configuration, the participants will have access to a results screen associated with their choices. Thus, before advancing to Phase 2 of the simulation, it will be possible to explore the student’s observation, reflection, and strategy development for the next stages of gamification. This seeks to meet the need for participants to reflect, during the dynamics, on the sustainability of the economic activities they are involved in (Torralba-Burrial & Dopico, 2023). The next section presents Phase 2 of the simulation, with the decision stages by season.

			

			
				Second phase: Simulation

				In the second phase of the EcoFarming simulation, decisions are made by seasons, resulting in four decision stages per year. During this cycle, participants begin to manage their farms, having the option to play synchronously or asynchronously. The simulation allows matches with 4 to 100 seasons. Furthermore, in the configuration, participants can choose between two and ten years to evaluate their production, with each year consisting of four decision rounds (seasons). A season is considered as the operational production cycle, with the objective of standardizing and normalizing the production cycles, given the difference in crops and breeding among participants. Thus, each season represents a standardized operational cycle for the participants. Figure 6 presents the main parameters considered.
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Figure 6



Phase 2 cycle: Simulation.







Source: Designed by the authors.






				

				In summary, the decisions in each cycle will be influenced by the chosen activity (agriculture or livestock). However, all participants will assume the role of farm managers, making decisions related to production, revenues, costs, and other parameters. Thus, they will need to apply knowledge and establish strategies to maximize results, which depend on both the achievement of economic-financial and sustainable goals.

				An interesting functionality of EcoFarming for participants is the option to request consulting during the game. The tool has a comprehensive knowledge base that provides guidance on the most suitable activities for each biome, cultivation, or breeding, the costs of different production systems, technologies, and energy sources. Additionally, it offers proposals for addressing various situations and guidance on legal requirements, such as the minimum percentage of rural property area that must be covered by native vegetation for the Legal Reserve (RL). Thus, the tool can highlight the need to maintain or expand preserved areas and acquire land to meet current legislation and preserve the environment. However, it is up to the students to analyze this information and make informed and assertive decisions.

				
					Figure 7 summarizes the structure of the EcoFarming proposal for the teaching-learning process, highlighting that the simulation addresses decision-making, challenges, knowledge acquisition, resource use, local context, and activity progression, which are fundamental elements for increasing participation, motivation (Langendahl et al., 2017; Lyons et al., 2023) and knowledge acquisition about sustainability practices in agribusiness (Khademi-Vidra et al., 2024; Paredes-Rodríguez et al., 2023; Torralba-Burrial & Dopico, 2023). Furthermore, the proposal explores experiences that involve collaboration, competition, risk management, observation, reflection after feedback (background screens with results), and other emotional or psychological responses relevant for training.
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Figure 7



EcoFarming: Structure of the proposal for teaching-learning.







Source: Designed by the authors.






				

				Considering the design cycle, integrated with the DSR approach, this dynamic is present in the first version under development, requiring evaluation and testing to refine the research-generated model. Finally, this study resulted in documentation of the design of a gamification proposal for sustainable agricultural entrepreneurship education, aligned with the needs of the Brazilian environment, as well as grounded in solid theoretical-empirical knowledge.

			

		

		
			CONCLUDING REMARKS

			This paper presented the proposal for the creation of the EcoFarming simulation for teaching sustainable agribusiness management. Its scope allows for the teaching of various aspects of administration, economics, and sustainability through gamification, preparing students - future entrepreneurs - to contribute to the national agricultural and livestock economy. It is noteworthy that EcoFarming allows for the evaluation of managerial success or failure from a multivariate perspective, differentiating itself from other simulations that consider only asset maximization or the completion of specific tasks as success metrics. Additionally, this proposal incorporates elements ignored in previous approaches, such as the integration of dynamics based on the Brazilian context, its different biomes, and the country’s specific environmental conditions.

			Through this study, it was possible to carry out the initial stages of developing an educational game, including needs identification, ideation, knowledge base, definition and design of the conceptual model, and model implementation (ongoing). Therefore, for future work, the remaining development stages will be completed. It is expected that this gamification strategy will raise student awareness, empowering them to adopt attitudes aligned with the Sustainable Development Goals (SDGs): 2 (zero hunger and sustainable agriculture), 7 (affordable and clean energy), 12 (responsible consumption and production), and 13 (climate action).

			As main contributions, EcoFarming stands out as an applicable mechanism for gamified teaching, grounded in principles such as sustainability and energy transition. From an educational standpoint, the simulation will allow professors, instructors, and students - not only from the target group (high school) but also from various courses and areas, such as production engineering, administration, accounting, agronomy, among others - to understand the impacts of decisions in agricultural management and clean energy generation. Finally, from a theoretical perspective, the simulation draws attention to the pillars of a new economic matrix and energy transformation, raising awareness among participants about the importance of the circular economy, renewable energy sources, and sustainable agricultural management, fostering reflection on such productive practices.

			As limitations, it is noted that the simulation does not consider elements such as the understanding of the tax context and specificities of the agricultural sector, such as differences in productivity by species in the case of livestock. This reduces the accuracy of the data for each operation, which is based on sector averages. However, this is a necessary trade-off to control the level of complexity of the simulation. 

			As avenues for future research, it is recommended to evaluate the learning impact on high school and university students using EcoFarming as an innovative methodology. Given the possibility of using the tool in the educational context, it is possible to design experiments to find its eventual causal effect on learning and on the perception of sustainability practices, entrepreneurial behavior, and the decision-making process.
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Literature Analysis EcoFarming Requirements

Reference Limitation of gamification Element to be implemented
Hernandez-Aguilera et al. (2020); Torralba-Burrial and Dopico (2023); Xu et al. (2023) ® There is an incompatibility between the context of the game and the local. ® The game's narratives often focus on generic themes, neglecting aspects of socioeconornic and cultural importance ® The game's narrative and dynamics incorporate the local Brazilian context, considering the biomes and other geographical and socioeconomic aspects of the country
Huang et al. (2020); Khademi-Vidra et al. (2024); Paredes-Rodriguez et al. (2023); Torralba-Burrial and Dopico (2023) ® The educational goals of garnification should be aligned with the Sustainable Developrent Goals (SDGS) ® The dynarnics will require decisions about land production and use, choice of energy sources, and cultivation /breeding practices, both organic and non-organic. This intervention aims to sensitize students to sustainable agriculture, enabling them to adopt critical attitudes aligned with the SDGS: » 2 (zero hunger and sustainable agriculture); ® 7 (clean and affordable energy); 12 (ensure sustainable consumption and production patterns); » 13 (action against global climate change).
Huang et al. (2020); Khademi-Vidra et al. (2024); Melo and Soares (2024); Melo et al. (2023); Paredes-Rodriguez et al. (2023); Torralba-Burrial and Dopico (2023)  The use of computer games among secondary school students needs to be further explored. @ Although it can be used at more advanced educational levels, the EcoFarming simulation is aired at high school students.
Literature Analysis EcoFarming Requirements

Reference Limitation of gamification Element to be implerented

Kuetal. (2023) « Most gamification tools focus exclusively on the context of agricultural education © It seeks to address the creation and management of businesses in the agricultural sector, with modules dedicated to agriculture and livestock.

Fox etal. (2018); Lyons et al,, 2023; Melo et al. (2023); Melo and Soares (2024) Do not exploit uncertain and risky condiitions.  Simulations need to explore scenarios with limited and scarce natural resources, ® The proposal includes elements that represent scenarios of risks and uncertainties, being specific to each biome. These scenarios will arise according to the player's choices, such as the management of water resources in the Caatinga or the adaptation to flood seasonality in the Pantanal, among other situations related to scarce resources
Charkova (2024) ® The strategies should seek to integrate the themes of renewable energy, environmental preservation, combating pollution, and changing habits in a comprehensive way. ® Players will take on the role of managers of an agricultural business, in charge of making decisions about energy sources, use of water resources, types of activities (agriculture, livestock), method of operation (organic or conventional), and production management. e The performance metric will be the clean economy index (EL), an indicator that optimizes revenues and the achievement of the operation’s sustainability goals.
Torralba-Burrial and Dopico (2023)  Games should enable secondary school students to take on roles similar to true entrepreneurs in the area addressed and develop Strategies to deal with conflict, promote collaboration, and exert social influence in solving environmental problems.  Participants need to reflect, during the simulation, on the sustainability of the economic activities in which they are involved. e As will be detailed in the following Sections of this manuscript, the participants of the EcoFarming simulation will go through cycles of experimentation, in which they will face challenges and make decisions like real entrepreneurs, followed by cycles of observation, reflection, and strategies, facilitated by feedback.

Melo and Soares (2024); Melo et al. (2023) * Many simulations only consider the maximization of equity or the fulfillment of specific tasks as indicators of success. @ It seeks to evaluate managerial success or failure from a multivariate perspective, covering production and logistics management, financial and accounting managerent, and sustainability.
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Context Agribusiness in the game segment Analysis focus Main results Author(s)/Year

Higher education in Hungary Agriculture The role of gamnification in teaching sustainable agriculture The younger generation is more interested in gamnified approaches, which make students more motivated to apply knowledge in sustainable agriculture Kovécs etal. (2021)
Swedish University of Agricultural Sciences Agriculture Motivation and involverent Garmification can offer a pedagogical approach to elevate student engagement in education in sustainable agriculture management and development Langendahl etal. (2017)
Secondary education in the context: Taiwanese Hungarian Spanish Sustainable fishing Teaching and student experiences, raising awareness among young people This approach increased students’ learning motivation and problem-solving capacity in the fishing sector. It provides a reference to teachers for the design of educational activities and student awareness about the socio-environmental effects of fishing and ocean conservation. Huang et al. (2020) Khademi-Vidra et al. (2024) Paredes-Rodriguez et al. (2023); Torralba-Burrial and Dopico (2023)
High school in Brazil Sustainable fishing Risk aversion Entrepreneurial intention The experience of dealing with limited and scarce natural resources in business simulation prepares students for challenges, increasing the likelihood that they will take calculated risks and develop entrepreneurial intent Melo and Soares (2024) Melo et al. (2023)

Professional training* Agriculture Application opportunity Garmification, when effectively integrated into agricultural contexts, can significantly influence farmers’ decision-making, driving behavioral changes and promoting more efficient and sustainable agricultural practices. Oberoi etal. (2023)
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