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Abstract

The response to global Anthropocene challenges requires a reimagined science education, shifting its goal from supplying hu-
man capital with skills and capabilities in specific areas toward educating scientifically literate citizens who can make informed
sustainable choices (Gough, 2021; Luttenberger & Mandi¢, 2022). Aiming to contribute to such change, this article explores the
intersection of STEAM (Science, Technology, Engineering, Arts, and Mathematics) education and education for sustainability
(EfS), emphasizing the need for innovative frameworks and tools to facilitate a transition toward a more sustainable future.
As gamification emerges as a powerful mechanism for engaging learners, fostering scientific literacy, and driving sustainable
practices, this article presents an original framework that leverages the synergies between these areas and supports the design
of three STEAM educational board games addressing environmental education for sustainability.

Keywords: education for sustainability, environmental education; board games, STEAM, living labs.
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Introduction

In the face of pressing global challenges brought about by the
Anthropocene era, there is a growing recognition of the need
for a paradigm shift in education. STEM (Science, Technolo-
gy, Engineering and Mathematics) education has long been
focused on specific subject areas, while the emerging STEAM
(adding Arts to STEM) approach emphasizes a more holistic,
humanistic, and interdisciplinary perspective. In this context,
EfS has primarily centered on environmental education, often
forgetting its integration with the social and economic pillars.
To effectively address the complex issues of the Anthropo-
cene and foster a generation of environmentally conscious
global citizens, a convergence of STEAM education and sus-
tainability education is imperative. This integration calls for
efforts in the development of innovative frameworks and
tools that can facilitate the transition toward a more sustain-
able future. One such tool that has gained prominence in the
realm of sustainability education is gamification. By incor-
porating game design principles into educational contexts,
gamification has proven to be a powerful mechanism for
engaging learners and promoting behaviour change toward
sustainability. However, for gamification to be truly effective
in fostering scientific literacy and driving sustainable practic-
es, it must itself be underpinned by theoretical frameworks
that align with the desired transformative goals.

This article explores the intersection of STEAM education
and EfS, emphasizing the importance of theoretical frame-
works and tools in driving meaningful change, focusing on
the relevance of gamification processes. The first section pre-
sents a literature review on environmental education in the

context of EfS, concentrating on STEM/STEAM approaches,
concluding that more holistic frameworks and interactive
learning materials are necessary (Maidatsi, Christopoulou &
Oikonomou, 2022). The second section presents a literature
review on the use of games in EfS, identifying factors affect-
ing their effectiveness.

Drawing on insights from existing literature and research,
the final section presents an original framework that aims
to bridge the gap between STEAM education, sustainability
education, and gamification, offering a structured approach
to designing three educational board games that promote
environmental literacy and sustainable decision-making. The
three games will be described according to the framework's
key elements.

STEM/STEAM Approach to Education for
Sustainability

Education is a critical motor and an outcome of sustainabil-
ity. If quality education for all is recognized as a Sustainable
Development Goal (SDG), EfS is necessary to develop stu-
dents’ knowledge, values, agency and actions that lead to
a sustainable society (Rodrigues-Silva & Alsina, 2023). The
United Nations Educational, Scientific, and Cultural Organi-
zation (UNESCO) argues for orienting EfS through different
learning techniques, such as teaching contextually, working
collaboratively with students, using project-based approach-
es, fostering problem-solving (Maidatsi et al., 2022) and inter-
disciplinarity pedagogy (Maidatsi et al., 2022; Rodrigues-Silva
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& Alsina, 2023). In line with these recommendations, STEM
and STEAM are defended as relevant approaches centered
on interdisciplinary teaching and associated with meaningful,
active and authentic learning, focused on hands-on inquiry
and open-ended exploration (Maidatsi et al., 2022), but differ
regarding the scope of education (Rodrigues-Silva & Alsina,
2023). The first represents a pedagogy concentrating efforts
on technological knowledge areas of Science, Technology,
Engineering and Mathematics, whereas the latter represents
the inclusion of arts and humanities, demanding a broader
curriculum scope (Maidatsi et al., 2022; Rodrigues-Silva &
Alsina, 2023).

Sustainability-oriented education is referred to as Education
for Sustainability (EfS) (Rodrigues-Silva & Alsina, 2023), Ed-
ucation for Sustainable Development (EfSD) (Maidatsi et al.,
2022), or Education for Resilience and Sustainability (EfRS)
(Luttenberger & Mandi¢, 2022). As the terms are used in-
terchangeably, we assume the designation “Education for
Sustainability (EfS)”” Analyzing current scenarios of EfS, it is
possible to identify a focus on the environmental pillar, where
an intersection is noticeable between environmental-orient-
ed education and STEM/STEAM educational approaches.
Nevertheless, traditional STEM curricula still exist in silos
and are seriously constrained by the disciplinary structure,
fostering few transdisciplinary perspectives. This reflects the
absence of social and economic pillars that signal embracing
the complexity of sustainability. Such aspects highlight the
tension between STEM education’s goal of supplying human
capital with skills and capabilities in specific areas and the
aims of sustainability education: producing scientifically liter-
ate societies and active, democratic citizens (Gough, 2021).

Research highlights these scenarios and underscores the
need to rethink science education, in response to global An-
thropocene challenges, to foster scientifically literate global
citizens who can make informed decisions for a sustainable
future (Gough, 2021; Luttenberger & Mandi¢, 2022).

Table 1 identifies these challenges and outlines proposals for
shifting towards more holistic frameworks in curriculum de-
sign and instructional planning (Gough, 2021; Luttenberger
& Mandi¢, 2022). Similarly, there is also a need for new ped-
agogical strategies and interactive learning materials that
apply STEAM knowledge and skills to foster competencies
in investigating sustainable issues and developing visions for
action and change, fostering sustainability (Rodrigues-Silva &
Alsina, 2023) (see Table 2).
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Table 1

Research on current scenarios of EfS, in the intersection between environmental-oriented education and STEM/STEAM educational approaches (source: authors)

Intersection between environmental-oriented education and STEM

Paradigm/Framework Shifts Towards a Reimagined Science Education for

and environmental education in a nationwide context.

structure and foster few transdisciplinary perspectives.

Authors/Year | Educational Context Study Aim i o
educational approaches Sustainability
Gough Australia's education Analyzes the Australian Government's STEM and Reflects a vision for society to be engaged in and enriched by science Calls for the Australian education agenda to include meaningful engagement
(2021) system climate change education policies and programs which has, as its prime focus, building skills and capabilities in STEM. with climate change and biodiversity-related topics through ecological
through an ecological education lens and finds gaps. Government's policies and projects in education ignore intergovernmental education in the school curriculum and discusses what a reimagined school
environmental initiatives. science curriculum could look like.
Kanakietal. | Primary education (first | Investigates the association between algorithmic Supports the orientation of education towards strengthening environmental | Advocates for the synergistic learning of CT and STEM fields and supports
(2022) and second graders) thinking and performance in environmental study. education to improve sustainability and stimulate environmental protection | game-based learning and educational practices that see students as active
and public health through computational thinking (CT). creators rather than passive consumers of digital technology.
Rodrigues- Early childhood Explores the intersection between interdisciplinary Most studies focus on sustainability’s environmental pillar and address the Calls for the incorporation of knowledge closely related to understanding
Silva & Alsina | education STEM/STEAM educational approaches and Early discipline of science more frequently. STEM has a substantial presence in societies, using a STEAM approach instead of STEM. Accordingly, there is a
(2023) Childhood Education for Sustainability (ECEfS). the literature reflecting on overseeing social issues. need for pedagogical strategies that apply STEAM knowledge and skills to
foster children’s action competence.
Axelithioti et | Higher education Explores how higher education prepares engineers to There is evidence of the dissociation of engineering education from climate- | Calls for a novel approach that goes beyond curricula analysis to integrate
al. (2023) (engineering courses) address the climate crisis via engineering curricula related content. Mitigation, Adaptation, and Climate Change (MACC) within module outlines,
analysis. paving the way for future integration.
Liu & Kan Higher education Evaluates the current situation of education for Relevant courses are more concentrated in the STEM and bioscience Suggests breaking disciplinary silos to incorporate interdisciplinary
(2024) (Taiwan's system) sustainable development, climate change education, fields. The curricula, however, are seriously constrained by the disciplinary approaches that bridge STEM fields with environmental and sustainability

concepts to promote systemic thinking.

Zoller (2015)

Secondary and higher
education

Presents and discusses a pre-post research design on
systems thinking, evaluative thinking, and decision-
making capabilities in “sustainability thinking."

Contemporary science education in secondary and tertiary levels is mainly
disciplinary in science, technology, and engineering courses.

Defends a paradigm shift from Low-Order Cognitive Skills (LOCS) to High-
Order Cognitive Skills (HOCS), promoting transdisciplinary learning aimed at
‘sustainability thinking."

associations

sustainability mindsets.

Nugroho et Higher education (pre- | Predicts the effects of a STEM approach based on local | Education in STEAM requires that teachers possess teaching knowledge Proposes integrating the STEM approach with character-based Local Wisdom

al. (2019) service teachers) wisdom in enhancing sustainability literacy. beyond their fields of specialization and are able to link science learning to Education as a contextual and culturally relevant solution in environmental
the real world or local culture. education. Emphasizes “minds-on," “hands-on,” and “hearts-on" teaching.

Maidatsi et STEM education Studies the integration of sustainability and Traditional education fails to offer deep conceptual knowledge applied to Calls for standards to provide frameworks for curriculum and instructional

al. (2022) environmental education into STEM education. STEM and Environmental education, requiring a long process for integration | design that combine STEM, sustainability, and new technologies. Advocates
to achieve sustainable development via education. for real-world learning supported by interactive materials, loT technologies,

and formative assessment strategies.

Luttenberger | International Analyzes the features of education for resilience and In developing curricula for resilience, educators must shift the mindset from | Suggests adopting a whole-institution/systems-thinking approach that

& Mandi¢ organizations sustainability based on strategic documents from controlling nature to participating with nature. Regarding STEM, this implies | connects various disciplines, integrating STEM fields with social-emotional

(2022) and professional international organizations and associations. going beyond workforce development to cultivate critical thinking and learning and civic engagement. Highlights the role of STEM in addressing

local and global sustainability challenges through citizen science.
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Table2

Strategies and use of interactive learning materials, towards a reimagined science education for sustainability (source: authors)

Proposed strategies and use of interactive Authors/Year Findings regarding science education for sustainability
learning materials
Non-scholar educational initiatives Griswold(2013) Community education programs supporting the development of green jobs.

Cooke,etal. (2013)

Identify the barriers in engaging the public in media coverage regarding inland fish conservation issues.

Faria, Klima, Posen,& Azevedo (2015)

Effectiveness of outreach STEM programs with a combined focus on STEM and climate change

Kney, Citrin, & Clark (2016)

Informal education environmental STEM camp, supported by an informal educational platform.

Hands-on environmental science laboratory
activities

Wagner, McCormick,& Martinez (2017)

Presents and accesses a hands-on laboratory activity for an introductory environmental science course integrating STEM and energy literacy.

Costa, Ferreira, & Pinho (2023)

Presents an interdisciplinary approach intended to raise awareness for Sustainable Development Goals in the context of the physics of sound.

Citizen science-based school projects

Klltsch, etal. (2021)

Identifies how the components of school-based citizen science projects link to certain learning outcomes for scientific and environmental education.

Muovt (2022)

Educational project harmonizing educational plans with the recommendations of the United Nations Sustainable Development Goals (UN SDGs) to
improve STEAM teaching.

Local-based lessons on environmental
education

Tadena&Salic-Hairulla (2021a,2021b)

Develops and examines the effectiveness of the local-based lessons on environmental education, using STEM.

Use of students’ lived experiences in real-world
scenarios

Vyas&Dalvi(2023)

Examines teachers' use of students’ lived experiences in real-world scenarios in environmental education with a STEAM framework.

Immersive internships

Felege,Romsdahl,
Hunter,Hunter,&Ellis- Felege (2019)

Explore immersive internships in STEM areas to develop a set of knowledge, skills, and abilities critical to a translational workforce in sustainability.

Use of digital technology for advancing STEAM
education

Puskar, etal. (2023)

Presents a project/teaching methodology for integrating educational robotics, STEAM, and environmental education.

Kanaki, Kalogiannakis, Poulakis,&Politis(2022)

Presents synergies between CT and STEM fields.

Tsikalakis, et al.(2023)

Uses SCRATCH code as ane ducational tool for education for sustainable development.

Kanakiet al.(2022)

High lights the necessity to adopt gamified educational practices that face students as active creators rather than passive consumers of digital
technology.

LearningLaboratories

Boykin, Wood, Bochis, & Olcmen (2010)

Explores Living Learning Laboratories and particularly STEM/STEAM Learning Labs in schools.

Bartholomew, Otto, & Serban (2023)

Explores Living Learning in other settings, such as libraries, museums,and industrial settings.

August, et al.(2011, 2016)

Explores Living Learning Laboratories in virtual settings.

Hewes, Latorre, Sisson, & Hake (2023); Pandian
& Australia (2018); Rawat Lawrence & Gooden
(2017)

Explores Living Learning Laboratories as“Learning Labs"or
“Maker spaces"to engage students in subjects such as genomic, research using robots and aviation/aerospace education.
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The Use of Games in Education
for Sustainability

As gamification—the use of game design principles in
non-gaming areas—becomes more common in education,
the concepts of Serious Games (SG) and Game-Based Learn-
ing (GBL) are becoming more important. Serious Games aim
to provide more than just entertainment, focusing on learning
and training goals, while GBL involves using gameplay, like
SG, to achieve specific educational outcomes. GBL supports
Problem-Based Learning (PBL) in promoting active learning,
discussions, exploration and effective teaching of complex
concepts. It enhances social interactions and argumentation
skills and fosters collaborative and creative problem-solving
(Scurati, Kwok, Ferrise, & Bertoni, 2023), being one of the pos-
sible ways to teach the essence of complex topics.

In research on current scenarios of gamification for EfS—
see Table 3—it is possible to identify three clusters, reflect-
ing the use of board games in different contexts for different
purposes.

STEAM board games towards a reimagined
environmental Education for Sustainability

Towards a reimagined science education that addresses en-
vironmental challenges in the context of EfS and aims to edu-
cate scientifically literate global citizens who make informed
choices towards a sustainable future, a STEAM (instead of
STEM) educational approach, already mentioned by the UN
for achieving the SDGs, seems to be a more appropriate solu-
tion for rethinking EfS. In this context, several methodologies,

such as gamified interventions and living labs, have been
used as engaged practices in formal and non-formal educa-
tion. On the other hand, board games as interactive learning
materials have been actively used in environmental educa-
tion and EfS not only to engage in learning and encourage
pro-environmental behaviour change in a logic of education
for sustainable consumption but also to increase students’
knowledge and skills, training them to understand, reflect,
and commit to the resolution of issues in the complex web
of challenges related to sustainability. This logic aligns with
education for sustainable production and consumption and
citizen participation in sustainable innovation. In the conver-
gence of these contexts, this paper presents a new frame-
work that has supported the design of three board games as
tools of environmental EfS. It also provides a short descrip-
tion of the games aligned with the framework as well as their
intervention context.

)
o5}
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Table3

Research on current scenarios of gamification for EfS

Use of gamification for EfS

Authors/Year

Findings regarding science education for sustainability

Use of gamification to
intrinsically motivate
engagement and encourage
behaviour change in EfS

Monteiro & Sousa(2024)

SG, including learning and training goals, can act as an active educational tool for sustainability.

Scuratietal.(2023)

In tailoring learning experiences to meet educational goals, if digital games better simulate complicated situations and provide real-time
feedback, board games illustrate complex systems and enhance social interaction offering a differentiated social dynamic.

Douglas & Brauer(2021)

Gamification promotes pro-environmental and sustainability actions across various thematic areas and sustainability education in
general; gamified interventions designed to increase knowledge about a topic rarely lead to behaviour change unless a lack of knowledge
was preventing individuals from adopting a certain behaviour; researchers have not yet determined which specific aspects best promote
these results.

Kragi¢Kok et al.(2020)

Only in some cases does higher participation in gamified activities correspond to a greater increase in reported sustainable behaviours
as seen in games designed to promote better consumption habits of both water and electricity.

DiPaolo & Pizziol (2024); Banerjee,Horn & Davis (2016)

Relevant aspect relates to incorporating reward mechanisms into the activities rather than providing information alone and game playing
in a broader social context, focusing on learning not as a formal transmission of knowledge, but as a contextualized co-construction of
knowledge within apprenticeship-like relationships.

Use of board games in
engaging participants,
communicating science

in asimplified way, and
increasing knowledge about
complex environmental and
sustainability themes

Carreira, Aguiar, Onga & Monzoni (2017); Fjeellingsdal & Klockner (2020)

Board games induce reflection on behaviour rather than elucidating the details about specific topics such as climate change and energy.

Yusa&Hamada(2023);Parrondo,Rayon- Vifa, Borrell & Miralles (2021)

In role-playing board games used as education tools, environmental issues are not addressed as isolated subjects but from a
transdisciplinary and collaborative perspective, thinking about the sustainable use and management of natural resources.

Gonzalez-Robles & Vazquez-Vilchez (2022); Tsai, Liu, Chang & Chen (2021)

Gamedesign focuses not only on the acquisition of knowledge related to the environment,sustainability,and the SDGs, but in
understanding the interconnection between all these factors, incorporating systemic concepts of economy, policies,society,and ecology.

Chen&Ho (2022)

Report the development of games for EfS, designed to reshape environmental education in the curriculum,engaging learners not only by
improving their perception and knowledge but also attitudes regarding SDGs.

Yusa&Hamada(2023);Shimabukuroetal. (2022); Yusa & Hamada (2023)

Board games must be assessed both in playability and educational value; authors speak of the delicate balance between enjoyability and
learning. Games became a more effective learning tool for EfSD when supported by mechanisms for integration into teaching debriefing).

Use of board games aiming
for increased commitment
to make decisions regarding
challenges related to
sustainability

Coz&Mathevet(2024);Lanezkietal. (2020)

Role-playing games demonstrate efficacy for stakeholders’ engagement and meaningful interaction, trust, and knowledge sharing
between players, facilitating decision- making processes regarding the challenges of sustainability.

Coz&Mathevet(2024);Lanezkietal. (2020); Keijser et al. (2018)

Multistakeholder participatory approach and interdisciplinary and transdisciplinary approaches are used to discuss complex
environmental-related themes.

Cleland,Dray,Perez,Cruz-Trinidad& Geronimo (2012)

Board games supporting systems thinking and decision- making processes have also been explored with training engineering students
for sustainability in various contexts, as well as bolstering EfS capacity in future primary-school teachers.

Monteiro & Sousa (2024); Scurati et al. (2023); Kurisu Okabe, Nakatani, &
Moriguchi(2021);CostaCésardaGama Pivetta,&Mendes(2022);Vazquez-Vilchez,
Garrido-Rosales, Pérez-Fernandez & Fernandez-Oliveras(2021)

Computer-assisted role-playing games are a two-way learning tool: for science communication and sustainability education and for data
collection informing research.

Clelandetal.(2012);0rdufiaAlegriaetal. (2020)

In designing games as educational tools, user-friendliness is often prioritized over model accuracy, but when used overly simplistic,
games fail to stimulate or challenge students.

Kurisuetal.(2021);Scuratietal.(2023); Cleland et al. (2012); Monteiro & Sousa (2024)

Game efficacy is related to debriefing,which can take several formats, leading to self-assessment mechanisms during gameplay.

Lanezkietal.(2020)

Co-design/participatory design is crucial for the expansion of the learning content, the improvement of the gameplay, and
the balancing of the difficulty level. Example of such approaches are Rapid Games Designing (RGD) and the involvement of students as
co-creators, using DBL.

S}
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Building the Framework

The framework — Table 4 — is intended as a set of relevant
specific aspects that provide a foundation for structuring the
games, not a framework for the game design process. It in-
corporates into the SALL key principles for supporting the es-
tablishment of Living Labs in Open Schools (Aguirre, Artheu,
Laval & Merzagora, 2021), the principles of the STEAM edu-
cational approach, as well as the best practices and insights
from the current literature review on gamification. The aim
was to support the design of games that intend to educate
scientifically literate global citizens (sustainability for edu-
cation) able to make informed choices and participate in us-
er-driven innovation processes towards a sustainable future
(education for sustainability). Adding to the three specific key
aspects supporting the game design, two transversal key as-
pects were identified and addressed. One refers to the neces-
sity to define learning and training goals (Monteiro & Sousa,
2024) that are specific and/or transversal (Shimabukuro et
al., 2022). These goals should reflect the evolution from an
environmental education focused on changing consumer
behaviour to a more holistic perspective focused on under-
standing complex production and consumption systems,
in line with the concept of circular economy (Winans et al.,
2017).

Other refers to the critical role of debriefing in game-based
learning, as games became a more effective learning tool for
EfSD when supported by mechanisms to integration prior or
post gaming (Chen & Ho, 2022; Kurisu et al., 2027; Monteiro &
Sousa, 2024; Scurati et al., 2023).

Using the framework for structuring games

Based on this framework, three games were fully designed
and produced by UC Exploratério — Centro Ciéncia Viva da
Universidade de Coimbra, a science centre in Portugal. These
games are part of a non-formal game-based educational
project, Adaptagao as Alteragdes Climaticas, which promotes
environmental literacy and raises awareness about climate
change mitigation and adaptation. The project is aimed at
fostering educational success among middle school stu-
dents. The project has been implemented in schools within
a Portuguese Intermunicipal Community (NUT Il region). Dur-
ing the 2023/2024 school year, 162 sessions were conduct-
ed, reaching a total of 3,119 students and 259 teachers.
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Table 4

Framework integrating SALL key principles, STEAM approach principles and insights from gamification, supporting the design of STEAM board games addressing environmental EfS

Relevant aspects for design

SALL Living Lab project key principles

STEAM approach principles

Insights from gamification (GBL and SG)

1. Defining and
contextualizing the problem
or question

Identifying the real question, using
participants' experience (Aguirre et al.,
2021).

Engaging in authentic learning (Rodrigues-Silva & Alsina,
2023).

Implementing character-based Local Wisdom, as a means of
contextual learning (Nugroho et al., 2019).

Facilitating awareness and understanding of managing local resources and resolving environmental issues, in
the complex web of challenges (Monteiro & Sousa, 2024).

2. Building a community for
co-creation

Building a community for co-creation,
based on open innovation methods

involving all actors (Aguirre et al., 2021).

Facilitating meaningful learning (Rodrigues-Silva & Alsina,
2023).

Promoting disciplinar and transdisciplinar STEM (Luttenberger
& Mandi¢, 2022).

Integrating of STEM fields with social and emotional

learning and civic engagement, developing thinking skills
multiliteracies and socio-emotional intelligence (Luttenberger
& Mandi¢, 2022).

Balancing enjoyability and user-friendliness with learning accuracy (Chen & Ho, 2022, 2022; Yusa & Hamada,
2023)

Combining interdisciplinary and transdisciplinary approach (Parrondo et al., 2021; Shimabukuro et al., 2022)
and adopt a multistakeholder participatory approach (Cleland et al., 2012; Coz & Mathevet, 2024; Keijser et al.,
2018; Lanezki et al., 2020; Lankford & Craven, 2020; Ordufia Alegria et al., 2020) to communicate science in a
simplified way.

Focusing in understanding the interconnection between all factors (Gonzélez-Robles & Vazquez-Vilchez
(2022), increasing knowledge about complex environmental and sustainability themes, inducing reflection on
behaviour rather than to elucidate the details about specific topics (Yusa & Hamada, 2023).

Enhancing social interaction through board games (Scurati et al., 2023), which are more effective in a broader
social context, focusing on learning as a contextualized co-construction of knowledge (Banerjee et al., 2016; Di
Paolo & Pizziol, 2024)

3. Discovering, discussing
and testing solutions

Finding real solutions and quick
prototyping by putting ideas in practice
and testing them (Aguirre et al., 2021).

Engaging in active learning- involving students’ actions
(Rodrigues-Silva & Alsina, 2023).

Incorporating arts, focusing on the process of exploration,
play, risk-taking, making mistakes, self-evaluation and
feedback (Rodrigues-Silva & Alsina, 2023).

Promoting behaviour change in games by incorporating reward mechanisms (Di Paolo & Pizziol, 2024;
Douglas & Brauer, 2021).

Supporting systems thinking and decision-making processes (Costa César et al., 2022; Kurisu et al., 2021,
Monteiro & Sousa, 2024; Scurati et al., 2023).
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For each game, themes and learning goals were defined
according to the project’s objectives. The starting point for
each game is a real question or challenge, based on person-
al experience and local information, which is incorporated
into the game narrative to promote meaningful learning. A
context is created for the community of participants to ap-
ply and mobilize knowledge and skills to address the chal-
lenge within a coopetition mindset—an amalgamation of
competition and cooperation, a concept commonly used in
business literature but applied here to simulate real-world
settings. Presenting solutions involves fostering creativity
and critical thinking and developing ideas through experi-
mental trial-and-error processes supported by progression
mechanisms. Whenever possible, prototyping is encour-
aged. Debriefing is a key part of the process, as the games
are designed as central tools for structured educational ac-
tivities mediated by trained monitors.

Next we will introduce the games, highlighting the operation-
alization of the key aspects supporting the design of STEAM
board games for environmental Education for Sustainability
(EfS), based on the framework we propose.

“Apanhados pelo Clima” - Depicted in Figure 1, this game
was designed as an educational escape room (Tercanli et
al., 20217) adapted for portability. It aims to raise awareness
about the impacts of climate change on our lives and to pro-
mote reflection and debate regarding mitigation and adapta-
tion strategies specific to the region. The game emphasizes
the significant role of science in decision-making on these

issues.

1. Defining and contextualizing the problem or question:
Supported by participants’ everyday experiences, a com-
pelling narrative helps to identify the problem and clarify
concepts related to how climate change affects their lives.
The game's purpose is established: to assist scientists in
collecting data and finding possible solutions to local cli-
mate challenges, which are locked in a safe that partici-
pants must open by the end of the game.

2. Building a community for co-creation: Using regional cli-
mate scenarios and working against the clock, participant
teams mobilize knowledge and skills to follow clues, solve
puzzles, and gather information to tackle various climate
challenges, fulfilling their mission. Based on interdisci-
plinary STEAM learning, these activities aim to enhance
education and scientific literacy while fostering the de-
velopment of skills outlined in the Profile of Students at
the End of Compulsory Schooling (Ministério da Educagao/
Diregdo-Geral da Educagao, 2017). Key competencies in-
clude collaborative work, problem-solving, research, infor-
mation organization and emotional management.

3. Discovering, discussing, and testing solutions: A hybrid
methodology integrates a specific developed app, which
conveys information and acts as a progression mecha-
nism, enabling a trial-and-error approach. A final, simple
questionnaire - an integral part of the game - encourages
self-assessment of learning and allows participants to
share their views on climate change solutions. Although
teams compete to complete the assigned task within a
set time frame, the safe containing the solution to the
climate crisis can only be opened when all teams com-
plete their mission, reinforcing the coopetition mindset.
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Figure 1
Representation of the materials produced for “Apanhados pelo Clima”

The contents of the safe ignite a debate on individual and
collective actions for climate change mitigation and ad-
aptation in the region.

“Escolhas Energéticas” - Depicted in Figure 2, this game fo-
cuses on the importance of supporting renewable energies
as a critical contribution to achieving greenhouse gas emis-
sion reduction targets and mitigating/adapting to climate
change within the region. The learning objectives include not
only enhancing students’ understanding of renewable ener-
gy sources and raising awareness about sustainable energy
consumption habits, but also identifying specific territorial
factors involved in making sustainable decisions regarding
energy production and consumption, as well as understand-
ing how these processes connect to impacts of climate
change.

1. Defining and contextualizing the problem or question: The
activity challenges participants to design appropriate in-
frastructures that ensure access to energy produced from

Tridimensional board Tool box

R

Scientists character cards Tablet

renewable sources for all citizens of a given territory. This
must follow a logic of sustainable energy production, dis-
tribution, and consumption while preventing or mitigating
climate change impacts, thereby aligning with SDGs 7, 12,
and 13.

. Building a community for co-creation: Each team partici-

pates using a classic game board that provides informa-
tion about a specific territory, its resources, and its com-
munity's energy needs. As participants take turns, roll the
dice and progress on the board, they individually collect
resources and face unpredictable environmental, social,
and economic events that affect resource availability. This
encourages players to engage with the complexities of
sustainable energy management.

. Discovering, discussing, and testing solutions: Based on

simplified data about renewable energy technologies, the
team collectively identifies the resources needed to build
one or more energy production plants. They calculate and
present a proposal to meet the community's energy needs.
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Figure 2

Representation of the materials produced for “Escolhas Energéticas”

A debate evaluates the costs and benefits of the teams'’
choices, addressing factors such as resource availability
and environmental impact. Additionally, students select an
SDG to which their actions contribute and provide justifica-
tion for their choice.

“Foco na Embalagem” - Depicted in Figure 3, this green de-
sign game (Wang et al,, 2022) focuses on issues related to
the production, consumption, and disposal of food packaging
and their links to climate change. The game aims to encour-
age the development of more sustainable food packaging
solutions.

1. Defining and contextualizing the problem or question: The
activity is introduced through a comic book narrative illus-

trating a student's exploration of the linear economy model
of food packaging and its environmental impact. The sto-
ryline highlights the problem of plastic packaging and the
need for sustainable alternatives, inspired by EU initiatives
like improving packaging design, promoting reuse and re-
cycling, and transitioning to bio-based and compostable
plastics. It also aligns with the Circular Economy Action
Plan and the European Plastics Pact's focus on single-use
plastics.

. Building a community for co-creation: The narrative en-

courages participants to reflect on their consumption hab-
its and analyze the product life cycle. Using a sustainability
indicator, teams assess the economic, environmental, and
social impact of existing food packaging (converted into
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Figure 3
Representation of the materials produced for “Foco na Embalagem”

points). They are then challenged to eco(re)design pack-  Challenges of game development, game set up and

aging, guided by Circular Economy principles and scientific implementation

advances, emphasizing how small changes can drive sig-

nificant regional and global impact. Echoing the presented framework, structuring and designing
3. Discovering, discussing, and testing solutions: Teams pro-  board games for EfS requires defining themes and learning/

pose alternative food packaging solutions, reassessing training goals, constant exchange of ideas and knowledge

impacts to achieve a better balance in their sustainability between a multidisciplinary team and multiple testing ses-

scores. Finally, a digital Al tool is used to create a prototype sions, being a time-consuming and human resources de-

of their redesigned packaging, demonstrating how their manding process.

solution mitigates environmental and social impacts with-

out sacrificing economic viability.

w
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In the context of a non-formal game-based educational pro-
ject, debriefing assumes a critical role for game efficacy as
a learning tool for EfSD. To ensure the fulfilment of learning
and training objectives and adaptation to diverse students in
educational environments — Figures 4 to 6 - it is required to

draw up a pedagogical plan as well as pedagogical guides to
support the implementation prior, during and post gaming.
In the same sense, game set up and implementation was
mediated by monitors that were specific trained for those
purposes.

Figure 4
"Apanhados pelo Clima” set up and implementation in educational environment.
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Figure 5
“Escolhas Energéticas” set up and implementation in educational environment.
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Figure 6
“Foco na embalagem” set up and implementation in educational environment.

Conclusion

In line with the main purpose of the study, a framework is pre-
sented as a set of relevant specific aspects, related to game
play, that provide foundation for structuring board games,
on the path of environmental education for sustainability, in-
corporating living lab key principles, STEAM educational ap-
proach principles and taking in consideration insights from

gamification, particularly regarding factors affecting the ef-
fectiveness of board games as a tool for environmental ed-
ucation and EfS.

In this framework, three specific key aspects related to game
play - identifying the problem, building a community for
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co-creation and presenting solutions/prototyping — as well
as two transversal key aspects related to game set up and
implementation — definition of learning and training goals
and methods for debriefing - were identified.

It is noticeable that not all the developed games complied
with the five key elements of the framework, particularly re-
garding presenting and testing solutions. There is, therefore,
room for improvement in applying the framework to game
design for environmental education and EfS.

Limitations and future work

There are numerous limitations to the study, and further re-
search is suggested. While the study presents the framework
and its application in designing the three games, it doesn't de-
scribe the iterative process of game design. The evaluation of
the games as educational tools is limited to empirical assess-
ment by the team and basic surveys conducted with students
and teachers. These surveys address students’ engagement
and satisfaction, as well as teachers' perspectives on the rel-
evance of the games, the achievement of the action’s goals,
and perceived learning outcomes. Further investigation
should evaluate the games as educational tools, assessing
its playability and learning and training objectives, working
towards a validation of the framework. More ambitiously, fu-
ture research should focus on whether the use of games can
lead to observable long-term changes in participants behav-
jour towards sustainability. Additionally, research should also
focus on participatory game design, including students, spe-
cialists and educators and future educators in producing bet-
ter and more effective STEAM oriented board games on the

path of environmental EfS, and promote pro-environmental
engagement in future teachers as suggested by Vazquez-Vil-
chez, Garrido-Rosales, Pérez-Fernandez & Fernéndez-Oli-
veras (2021).

References

Aguirre, C., Artheu, M., Laval D., & Merzagora, M. (2021). The
SALL methodology. European Union’s Horizon 2020 Frame-
work Programme for Research and Innovation. https:/www.
schoolsaslivinglabs.eu/resources/the-sall-methodology/

August, S. E., Hammers, M. L., Murphy, D. B., Neyer, A,, Gu-
eye, P, & Thames, R. Q. (2016). Virtual Engineering Scienc-
es Learning Lab: Giving STEM Education a Second Life. IEEE
Transactions on Learning Technologies, 9(1), 18—30. https:/
doi.org/10.1109/TLT.2015.2419253

August, S. E., Hammers, M., Neyer, A., Shokrgozar, D., Murphy,
D., Thames,R.Q. &Vales,J.(2011).Engaging studentsin STEM
education through a virtual learning lab. ASEE Annual Confer-
ence and Exposition, Conference Proceedings. https://www.sco-
pus.com/inward/record.uri?eid=2-s2.0-85029030926&part-
nerlD=40&md5=03d080f27e212a66d706c1251207bd43

Axelithioti, P, Fisher, R. S, Ferranti, E. J. S, Foss, H. J., &
Quinn, A. D. (2023). What Are We Teaching Engineers about
Climate Change? Presenting the MACC Evaluation of Climate
Change Education. Education Sciences, 13(2). https://doi.
org/10.3390/educsci13020153

Banerjee, A, Horn, M. S., Davis, P. (2016). Invasion of the
Energy Monsters: A family board game about energy con-
sumption. 34th Annual CHI Conference on Human Factors in

39



INTERNATIONAL JOURNAL OF GAMES AND SOCIAL IMPACT, Vol. 3 Issue no. 1

Computing Systems, CHI EA 2016, 07-12-May-2016, 1828—
1834. https://doi.org/10.1145/2851581.2892507

Boykin, K., Wood, S., Bochis, C., & Olcmen, S. (2010). Living
learning labs A component of the University of Alabama's
engineering math advancement program. 48th AIAA Aero-
space Sciences Meeting Including the New Horizons Forum
and Aerospace Exposition.https://www.scopus.com/inward/
record.uri?eid=2-s2.0-78649846993&partner|D=40&m-
d5=0714690d0b650aa096edf9f7b7b6c502

Carreira, F, Aguiar, A. C., Onga, F, & Monzoni, M. (2017). The
Celsius Game: An experiential activity on management ed-
ucation simulating the complex challenges for the two-de-
gree climate change target. International Journal of Manage-
ment Education, 15(2), 350—-361. https://doi.org/10.1016/].
ijme.2017.03.012

Chen, F-H., & Ho, S.-J. (2022). Designing a Board Game
about the United Nations' Sustainable Development Goals.
Sustainability (Switzerland), 14(18). https://doi.org/10.3390/
su141811197

Cleland, D., Dray, A, Perez, P, Cruz-Trinidad, A., & Geronimo,
R. (2012). Simulating the Dynamics of Subsistence Fishing
Communities: REEFGAME as a Learning and Data-Gathering
Computer-Assisted Role-Play Game. Simulation and Gaming,
43(1),102-117. https://doi.org/10.1177/1046878110380890

Cooke, S. J., Lapointe, N. W. R., Martins, E. G., Thiem, J. D,
Raby, G. D, Taylor, M. K., Beard, T. D., & Cowx, I. G. (2013).
Failure to engage the public in issues related to inland fishes
and fisheries: Strategies for building public and political will
to promote meaningful conservationa. Journal of Fish Biology,
83(4), 997-1018. https://doi.org/10.1111/jf0.12222

Costa César, A. C., da Gama Pivetta, G., & Mendes, F. F. (2022).
GreenGame: Solving the climate crisis in a Game to actually
take action in real life. 2022 IEEE Intl Conf on Parallel & Distrib-
uted Processing with Applications, Big Data & Cloud Computing,
Sustainable Computing & Communications, Social Computing
& Networking (ISPA/BDCloud/SocialCom/SustainCom), 1-8.
https://doi.org/10.1109/ISPA-BDCloud-SocialCom-Sustain-
Comb7177.2022.00039

Costa, M. C., Ferreira, C. A. F, & Pinho, H. J. 0. (2023). Physics
of Sound to Raise Awareness for Sustainable Development
Goals in the Context of STEM Hands-On Activities. Sustainabil-
ity (Switzerland), 15(4). https://doi.org/10.3390/su15043676

Coz, D., & Mathevet, R. (2024). Human—Wild Boar Coexis-
tence: A Role-Playing Game for Collective Learning and Con-
flict Mitigation. Sustainability (Switzerland), 16(9). https://doi.
0rg/10.3390/su16093551

Di Paolo, R., & Pizziol, V. (2024). Gamification and Sustain-
able Water Use: The Case of the BLUTUBE Educational Pro-
gram. Simulation and Gaming, 55(3), 391-417. https://doi.
org/10.1177/10468781231181652

Douglas, B. D., & Brauer, M. (2021). Gamification to prevent
climate change: a review of games and apps for sustain-
ability. Current Opinion in Psychology, 42, 89—94. https://doi.
org/10.1016/j.copsyc.2021.04.008

Faria, F, Klima, K., Posen, I. D., & Azevedo, |. M. L. (2015). A
new approach of science, technology, engineering, and math-
ematics outreach in climate change, energy, and environ-
mental decision making. Sustainability (United States), 8(5),
261-271. https://doi.org/10.1089/SUS.2015.29023



BOARD GAMES ON THE PATH TO ENVIRONMENTAL EDUCATION FOR SUSTAINABILITY

MARIA RAQUEL ANTUNES, AURORA MOREIRA, CATARINA SCHRECK REIS

Felege, C., Romsdahl, R., Hunter, J., Hunter, C., & Ellis-Felege,
S. (2019). Immersive field experiences lead to higher-level
learning and translational impacts on students. Journal of En-
vironmental Studies and Sciences, 9(3), 286—296. https://doi.
0rg/10.1007/s13412-019-00555-y

Fjeellingsdal, K. S., & Klockner, C. A. (2020). Green Across the
Board: Board Games as Tools for Dialogue and Simplified En-
vironmental Communication. Simulation and Gaming, 51(5),
632-652. https://doi.org/10.1177/1046878120925133

Gonzélez-Robles, A., & Véazquez-Vilchez, M. (2022). Edu-
cational proposal to promote environmental engagement
through the Sustainable Development Goals in Secondary
Education: S.0.S Civilisations game. Revista Eureka, 19(1).
https://doi.org/10.25267/REV_EUREKA_ENSEN_DIVULG_
CIENC.2022.V19.11.1103

Gough, A. (2027). All STEM-ed up: Gaps and silences around
ecological education in Australia. Sustainability (Switzerland),
13(7). https://doi.org/10.3390/su13073801

Griswold, W. (2013). Community Education and Green Jobs:
Acknowledging Existing Connection. Adult Learning, 24(1),
30-36. https://doi.org/10.1177/1045159512467322

Hewes, A, Latorre, S, Sisson, M., & Hake, D. (2023). Learning
Lab: A Hands-On Way for Future Scientists to Engage with
CRISPR. Delaware Journal of Public Health, 9(3). https:/doi.
0rg/10.32481/djph.2023.11.006

Kanaki, K., Kalogiannakis, M., Poulakis, E., & Politis, P. (2022).
Investigating the Association between Algorithmic Thinking
and Performance in Environmental Study. Sustainability (Swit-
zerland), 74(17). https://doi.org/10.3390/su141710672

Keijser, X., Ripken, M., Mayer, |, Warmelink, H., Abspoel, L.,
Fairgrieve, R., & Paris, C. (2018). Stakeholder engagement in
Maritime Spatial Planning: The efficacy of a serious game
approach. Water (Switzerland), 10(6). https://doi.org/10.3390/
w10060724

Klitsch, C. F. C., Aspholm, P. E., Polikarpova, N., Veisblium,
0. Bjgrn, T-A., Wikan, A, Gonzalez, V., & Hagen, S. B. (2021).
Studying phenological phenomena in subarctic biomes with
international school pupils as citizen scientists. Ecology
and Evolution, 11(8), 3501-3515. https:/doi.org/10.1002/
ece3.7122

Kney, A. D, Citrin, R. A, & Clark, P. L. B. (2016). Evaluation of
a learning platform and assessment methods for informal el-
ementary environmental education focusing on sustainabili-
ty, presented through a case study (RTP). 723rd ASEE Annual
Conference and Exposition, 2016-June. https://www.scopus.
com/inward/record.uri?eid=2-s2.0-85032123204&partner-
ID=40&md5=5d9d1000d37d9a2f43cd0307636602ff

Kragi¢ Kok, D., Bisschops, I., Knoop, L., Tuly, L., Kujawa-Ro-
eleveld, K., Masresha, N., & Houtkamp, J. (2020). Game over
or play again? Deploying games for promoting water recycling
and hygienic practices at schools in Ethiopia. Environmental
Science and Policy, 111, 83-90. https://doi.org/10.1016/j.en-
vsci.2020.05.016

Kurisu, K., Okabe, H., Nakatani, J., & Moriguchi, Y. (2021).
Development of board game to encourage life cycle think-
ing, and trial with university students in Japan. Cleaner
and Responsible Consumption, 3. https://doi.org/10.1016/j.
clrc.2021.100033



INTERNATIONAL JOURNAL OF GAMES AND SOCIAL IMPACT, Vol. 3 Issue no. 1

Lanezki, M., Siemer, C., & Wehkamp, S. (2020). “Changing the
game—Neighbourhood”: An energy transition board game,
developed in a co-design process: A case study. Sustain-
ability (Switzerland), 12(24), 1-18. https://doi.org/10.3390/
su122410509

Lankford, B. A, & Craven, J. (2020). Rapid games design-
ing; constructing a dynamic metaphor to explore complex
systems and abstract concepts. Sustainability (Switzerland),
12(17). https://doi.org/10.3390/su12177200

Liu, J. C-E., & Kan, T.-Y. (2024). A comprehensive review of
environmental, sustainability and climate change curriculum
in Taiwan's higher education institutions. International Journal
of Sustainability in Higher Education, 25(2), 375—389. https://
doi.org/10.1108/1JSHE-01-2023-0019

Luttenberger, L. R, & Mandi¢, N. (2022). Coastal risks and
resilience learning. Pomorstvo, 36(2), 195—203. https://doi.
0rg/10.31217/p.36.2.3

Maidatsi, K. Christopoulou, E., & Oikonomou, K. (2022).
Using STEM Learning Concepts with loT Technology on
the Road of Education for Sustainability: A Short Literature
Review. 7th South-East Europe Design Automation, Comput-
er Engineering, Computer Networks and Social Media Confer-
ence, SEEDA-CECNSM 2022. https://doi.org/10.1109/SEE-
DA-CECNSM57760.2022.9932896

Ministério da Educagao/Diregao-Geral da Educagéo . (2017).
Perfil dos Alunos a Saida da Escolaridade Obrigatdria [Profile
of Students at the End of Compulsory Schooling].

Miovi, E. (2022). “Percorsi nel Blu" (“Blue Paths"): A long-last-
ing project to integrate ocean literacy and marine citizen

science into school curricula. Mediterranean Marine Science,
23(2), 405—416. https://doi.org/10.12681/mms.27152

Monteiro, F., & Sousa, A. (2024). An educational board game
to promote the engagement of electric engineering students
in ethical building of a sustainable and fair future. Journal of
Environmental Education, 55(2), 138—152. https://doi.org/10.1
080/00958964.2023.2259832

Nugroho, O. F, Permanasari, A., Firman, H., & Riandi. (2019).
STEM approach based on local wisdom to enhance sus-
tainability literacy. In N. Y. Indriyanti, M. Ramli, & F. Nur-
hasanah (Eds.), 2nd International Conference on Science,
Mathematics, Environment, and Education, ICOSMEE 2079
(Vol. 2194). American Institute of Physics Inc. https://doi.
0rg/10.1063/1.5139804

Ordufia Alegria, M. E., Schiitze, N., & Zipper, S. C. (2020). A
serious board game to analyze socio-ecological dynamics
towards collaboration in agriculture+. Sustainability (Switzer-
land), 12(13). https://doi.org/10.3390/su12135301

Pandian, S. R., & Australia, C. S. U. D. S. et al.; I. E. S. I. N.
S.W. S. U. of W. (2018). Playful STEAM Learning Using Ro-
bots. In M. J. W. Lee, S. Nikolic, M. Ros, J. Shen, L. C. U. Lei,
G. K. W. Wong, & N. Venkatarayalu (Eds.), 2018 IEEE Interna-
tional Conference on Teaching, Assessment, and Learning for
Engineering, TALE 2018 (pp. 279-285). Institute of Electri-
cal and Electronics Engineers Inc. https://doi.org/10.1109/
TALE.2018.8615299

Parrondo, M., Rayon-Vifia, F,, Borrell, Y. J., & Miralles, L. (2021).
Sustainable Sea: A board game for engaging students in
sustainable fisheries management. Applied Environmental



BOARD GAMES ON THE PATH TO ENVIRONMENTAL EDUCATION FOR SUSTAINABILITY

MARIA RAQUEL ANTUNES, AURORA MOREIRA, CATARINA SCHRECK REIS

Education and Communication, 20(4), 406—421. https://doi.or
g/10.1080/1533015X.2021.1930608

Puskar, L., Krzi¢, A. S., Scaradozzi, D., Pyrini, A. N, Pantela, N.,
Kosmas, P, Costa, D., & Screpanti, L. (2023). Robots in aquat-
ic environments to promote STEM and environmental aware-
ness. 2023 OCEANS Limerick, OCEANS Limerick 2023. https://
doi.org/10.1109/0CEANSLimerick52467.2023.10244554

Rawat, K. S, Lawrence, E. E., & Gooden, O. D. (2017). Mobile
aerospace education lab (M-AEL): A NASA supported K-12
“roadshow-in-a-box” initiative to advance aviation/aerospace
education in underserved counties. 124th ASEE Annual Confer-
ence and Exposition, 2017-June. https://www.scopus.com/in-
ward/record.uri?eid=2-s2.0-85030556154&partnerlD=40&m-
d5=f599d4fddb588fa67522442f8e095951

Rodrigues-Silva, J., & Alsina, A. (2023). STEM/STEAM in
Early Childhood Education for Sustainability (ECEfS): A Sys-
tematic Review. Sustainability (Switzerland), 15(4). https://doi.
org/10.3390/su15043721

Scurati, G. W., Kwok, S. Y, Ferrise, F, & Bertoni, M. (2023). A
STUDY ON THE POTENTIAL OF GAME BASED LEARNING
FOR SUSTAINABILITY EDUCATION. In K. Otto (Ed.), 24th In-
ternational Conference on Engineering Design, ICED 2023 (Vol.
3, pp. 415—424). Cambridge University Press. https:/doi.
org/10.1017/pds.2023.42

Shimabukuro, M., Toki, T.,, Shimabukuro, H., Kubo, Y., Taka-
hashi, S., & Shinjo, R. (2022). Development and Application of
an Environmental Education Tool (Board Game) for Teaching
Integrated Resource Management of the Water Cycle on Cor-
al Reef Islands. Sustainability (Switzerland), 14(24). https://doi.
org/10.3390/su142416562

Tadena, M. T. G., & Salic-Hairulla, M. A. (2021). Raising envi-
ronmental awareness through local-based environmental ed-
ucation in STEM lessons. In C. Yuenyong, N. D. Nam, A. Buan,
H. Suwono, I. S. Wekke, & N. A. Buang (Eds.), 2nd International
Annual Meeting on STEM Education, IAMSTEM 2019 (Vol. 1835,
Issue 1). IOP Publishing Ltd. https://doi.org/10.1088/1742-
6596/1835/1/012092

Tercanli, H., Martina, R., Ferreira Dias, M., Reuter, J., Amorim,
M., Madaleno, M., Magueta, D., Vieira, E., Veloso C., Figueiredo,
C., Vitoria, A., Wakkee, I., Gomes, |., Meireles, G., Daubariene, A,
Daunoriene, A, Mortensen, A., Zinovyeva, A., Rivera-Triguer-
os, |.Lépez-Alcarria, A., Rodriguez-Diaz, P, Olvera-Lobo, M.D,,
Ruiz-Padillo, D.P. And Gutiérrez-Pérez, J. (2021), Educational
escape rooms in practice: Research, experiences and recom-
mendations. UA Editora. https://doi.org/10.34624/rpxk-hc61

Tsai, J-C, Liu, S--Y, Chang, C.-Y, & Chen, S-Y. (2027). Us-
ing a board game to teach about sustainable development.
Sustainability (Switzerland), 13(9). https://doi.org/10.3390/
su13094942

Tsikalakis, G., Neofotistou, E., Kontogiannakis, E., Pau, A-M.,
Caglayan, E. M., Fernandez-Canez, R., & Perez-Accino, M.
(2023). Sustainable development as an education tool for
primary school students through SCRATCH code. In E. Zer-
vas (Ed.), 4th International Conference on Environmental Design,
ICED2023 (Vol. 436). EDP Sciences. https://doi.org/10.1051/
e3sconf/202343606007

Vazquez-Vilchez, M., Garrido-Rosales, D., Pérez-Fernandez,
B., & Fernandez-Oliveras, A. (2021). Using a cooperative ed-
ucational game to promote pro-environmental engagement



INTERNATIONAL JOURNAL OF GAMES AND SOCIAL IMPACT, Vol. 3 Issue no. 1

in future teachers. Education Sciences, 11(11). https://doi.
0rg/10.3390/educsci11110691

Vyas, T, & Dalvi, G.
Through Activities: Teacher Practices of Including Students’
Lived Experiences. 13th IEEE Integrated STEM Education
Conference, ISEC 2023, 261-266. https://doi.org/10.1109/
ISEC57711.2023.10402170

(2023). Environmental Education

Wagner, T. P, McCormick, K., & Martinez, D. M. (2017). Fos-
tering STEM literacy through a tabletop wind turbine environ-
mental science laboratory activity. Journal of Environmental
Studies and Sciences, 7(2), 230—-238. https://doi.org/10.1007/
s13412-015-0337-6

Walls, W. H., Strimel, G. J., Bartholomew, S. R., Otto, J., & Ser-
ban, S. (2023). STEM learning labs in industry settings: a nov-
el application in manufacturing and its influence on student
career perceptions. International Journal of Technology and De-
sign Education. https://doi.org/10.1007/s10798-023-09863-5

Wang, S., Li, Y., Xie, M., Zhou, R., Sun, H., & Zheng, L. (2022).
Research on Green Design Path Based on Product Life Cycle.
Frontiers in Artificial Intelligence and Applications, 347, 275—
281. https://doi.org/10.3233/FAIA220034

Winans, K., Kendall, A., & Deng, H. (2017). The history and cur-
rent applications of the circular economy concept. In Renew-
able and Sustainable Energy Reviews (Vol. 68, pp. 825—833).
Elsevier Ltd. https://doi.org/10.1016/j.rser.2016.09.123

Yusa, N., & Hamada, R. (2023). Board Game Design to Un-
derstand the National Power Mix. Education Sciences, 13(8).
https://doi.org/10.3390/educsci13080793

Zoller, U. (2015). Research-based transformative science/
STEM/STES/STESEP education for “Sustainability Thinking":
From teaching to “Know" to learning to “Think." Sustainabili-
ty (Switzerland), 7(4), 4474—4491. https://doi.org/10.3390/
su7044474

44



	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.2s8eyo1
	_heading=h.gjdgxs
	_heading=h.1fob9te
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	Editorial
	Micael Sousa
	Sketch First, 
Play Later
	Anni Paz
	BOARD GAMES ON THE PATH TO ENVIRONMENTAL EDUCATION FOR SUSTAINABILITY
	Maria Raquel Antunes
	Aurora Moreira
	Catarina Schreck Reis
	HUIZINGA 
AND “EVERYTHING 
IS PLAY”: 
	A THINLY VEILED FORMALIST TEMPTATION. A CRITIQUE *

	Paulo Antunes
	Designing an Educational Game:
	Science Education in the Resource Rooms with Students with Specific Learning Disabilities

	Havva Yaman
	Sibel Er Nas
	Existential Love:
	Romance in single-player RPGs

	Anubhav Anand
	Dr. Ajay Kumar

