AD EDUXIAN JOURNAL
A Quarterly Multidisciplinary Blind Peer Reviewed & Refereed Online International Journal
Google Scholar Indexing PIF: 1.048(I120R), 3.125 (IIFS) & 3.8(SJIF)
Vol (3), Issue (2), A!)ril-June 2026 ISSN: 3048-7951

Simulation Games In STEAM Education: A Pathway To Achieving Sustainable Future

Poonam Bharti'; Dr. Chhaya Soni?
DOI: http://doi.org/10.5281/zenodo.21170818

Review: 14/06/2026 Acceptance: 15/06/2026 Publication: 03/07/2026
Abstract

The integration of simulation games into STEAM (Science, Technology, Engineering, Arts, and
Mathematics) education offers a dynamic, experiential approach to fostering competencies essential for
sustainable development. This review based paper examines how simulation-based learning environments can
address global challenges across the three pillars of sustainability: environmental stewardship, economic
resilience, and social equity, while directly supporting the United Nations Sustainable Development Goals
(SDGs), particularly SDG 4 (Quality Education), SDG 8 (Decent Work and Economic Growth), SDG 9 (Industry,
Innovation, and Infrastructure), SDG 11 (Sustainable Cities and Communities), SDG 13 (Climate Action), SDG
15 (Life on Land), and SDG 17 (Partnerships for the Goals). By immersing learners in interactive, decision-driven
scenarios, simulation games bridge theoretical knowledge with practical application, enabling students to apply
interdisciplinary concepts to real-world contexts. Examples such as SimCityEDU, Minecraft: Education Edition,
Crystal Island, and sustainability-themed Scratch projects illustrate how simulation games enhance systems
thinking, creativity, collaboration, and problem-solving while promoting ethical and culturally relevant
perspectives. Grounded in experiential learning and systems thinking frameworks, these games encourage
reflective decision-making, empathy, and innovation—skills critical for navigating complex environmental,
social, and economic systems. The paper also addresses challenges related to curriculum alignment, equitable

access, teacher training, and empirical validation, emphasizing the need for inclusive design and policy support.
Future directions highlight the potential of emerging technologies such as artificial intelligence, virtual and
augmented reality, and adaptive analytics to personalize learning experiences and expand accessibility. The
findings demonstrate that simulation games are not merely supplementary tools but transformative pedagogical
platforms that can embed sustainability principles into STEAM curricula, cultivate future-oriented mindsets, and
prepare learners to become proactive agents of sustainable change in an interconnected world.

Keywords: STEAM education, simulation games, Sustainable Development Goals (SDGs), interdisciplinary
learning, systems thinking, Environmental sustainability, Economic sustainability, social sustainability

Introduction

In order to accomplish the SDGs, STEAM Education for Sustainable Development (SESD) is both a goal
and a method. It includes a revolutionary educational framework that combines learning objectives, environment,
and material into a unified whole. Students have a comprehensive grasp of STEAM ideas and learn how to use
what they have learned in the classroom to solve problems in the real world through SESD. Students are better
prepared for both academic achievement and life after school, when they will have to deal with difficult global
issues. An integrative and cooperative method of teaching STEAM courses is known as "green STEAM
education." It introduces students to the natural world and contemporary issues like inequality, unsustainable
resource use, biodiversity loss, and climate change. This flexible, experiential, inquiry-based method encourages
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pupils to actively learn. From working together on a group assignment to organizing and directing a learning
adventure, students can assume varying degrees of responsibility. This promotes environmental stewardship,
improves environmental understanding, and stimulates problem-solving. According to the International
Association for Quality Education, it gives students the ability to make wise judgments and take initiative to
improve society and protect the environment (Global Schools Program, UN SDSN & Siemens Energy, 2025).

By putting the SESD framework into practice, schools/colleges can play a key role in accomplishing the
SDGs. This calls for changing teaching, evaluations, and the entire school ecology in addition to simply updating
the curriculum. Targeting particular local and global sustainability issues and incorporating sustainability into
every facet of education from classroom instruction to school community operations are essential to the successful
implementation of SESD (Panwar, A. S. 2025). As an interdisciplinary catalyst in the quest for a sustainable
future, STEAM (Science, Technology, Engineering, Arts, and Mathematics) education develops the abilities and
perspective required to tackle complex environmental and societal issues. Within STEAM frameworks,
simulation games (immersive, scenario-based digital tools) have become popular as effective teaching methods.
Simulation games offer an interactive, experiential approach to learning that allows players to engage with
complex systems such as environmental, social, and economic, without the risks or costs associated with real-
world experimentation. By placing learners in decision-making roles, these games foster systems thinking, critical
analysis, and adaptive problem-solving, all of which are essential for addressing sustainability challenges (Verutes
& Rosenthal, 2014).

Serious games and simulations have been used more and frequently to explain important ideas like
sustainable energy and the circular economy in higher education, in keeping with educational innovation for
sustainability. According to analyses, although these tools are beneficial in fostering active learning and decision-
making abilities, their uptake is still restricted and has to be increased (De La Torre et al., 2021). Additionally,
incorporating STEAM education into sustainable development contexts often referred to as Green-STEAM, it
reinforces cross-disciplinary problem-solving skills and real-world comprehension (Rantanen et al., 2024; Lead
the Future, 2024). Serious games have also proven effective in enhancing environmental awareness and
engagement in climate-energy challenges, demonstrating strong potential for broader educational diffusion
(Sabadini & Madlener, 2024). When combined, simulation-based learning, serious gaming, and STEAM
pedagogy provide immersive, captivating, and multidisciplinary learning opportunities. These methods foster the
mentality, abilities, and teamwork necessary to accomplish the Sustainable Development Goals (SDGs) in
addition to encouraging academic success and motivation. In this paper, researcher suggest that simulation games
are the perfect medium for STEAM education since they serve as transformational platforms for sustainable action
rather than just educational tools.

Methodology

This paper follows a review-based methodology, relying on secondary sources such as published research
papers, policy documents, and empirical studies. The aim was to synthesize existing literature to examine the role
of simulation games in STEAM education and their connection to sustainable development.

Understanding Simulation Games in Education
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According to the Handbook for Economics Teachers (NCERT), a simulation game blends the features of
simulations “an artificial situation based on reality or parts of it,” and games elements like objectives, rules,
competition, time constraints, and cooperation (NCERT, n.d.). simulation games (SGs), has the potential to help
students obtain the necessary skills and knowledge, boost motivation, and advance their critical thinking and
cognitive development. By concentrating on resolving complex problems, simulation games can enhance
cognitive benefits and promote social engagement. According to Almaki et al. (2024), simulation games are
regarded as a useful method of information acquisition and give students and teachers a tool that encourages
active problem-solving.

Types of Simulation Games

e Software-Based Computer Simulations: Digital representations of actual or hypothetical systems in which
changing inputs alters outputs; helpful for illustrating complicated processes (EduTechWiki, 2019).

e Construction and Management Simulations (CMS): Games such as Capitalism or SimCity allow users to
construct communities, manage resources, or create systems within predetermined parameters.

e Instructional Simulations: According to Almaki et al. (2024), instructional simulation games are
cooperative, enjoyable, practical, interactive, and extremely engaging learning activities that use
collaborative practical tasks in classrooms to help students safely acquire and develop a variety of knowledge,
skills, interpersonal skills, and other learning outcomes.

e Explorable Explanations: Guided interactive simulations that allow users to explore and make inferences,

therefore encouraging active learning.
Table 1. Different types of Educational Simulation (By Karl Kapp, 2010)

SN. TYPE DEFINITION KNOWLEDGE TAUGHT

1. Physical A machine, piece of equipment, or other Procedural, operation of
Procedures mimicked thing. It performs and operates equipment or machinery
Simulator similarly to the real gadget.

2. Software program that functions and operates similarly ~ Procedural, software features and
Emulation to the software it is simulating or teaching. functionality.

3. Operational simulates standard organizational processes Procedural, proper steps for
Simulator that are either software-based, object-based, or completing a desired task.

include aspects of both.

4. Principle- circumstance when the student is put in a Principles, soft skills, skills used
based setting where they must interact with others. when interacting with people
Simulator The environment varies according to what the
(Social students do.

Simulator)

5. Problem- The student is given a brand-new challenge to  Problem-solving., confronted
Solving complete. There are several approaches to with a new problem you must
Simulator tackling the challenge that the student is solve

facing; there isn't just one procedure or
solution.
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STEAM and its relation to the SDGs

In 2015, 193 countries adopted the 2030 Agenda for Sustainable Development, a global action plan to
tackle humanity’s most pressing challenges, including climate change, inequality, and hunger. The agenda sets
out 17 Sustainable Development Goals (SDGs) to be achieved within 15 years, calling for collective action from
governments, businesses, institutions, and citizens. Achieving this vision requires widespread awareness of the
SDGs and active participation in advancing them. STEAM integrating Science, Technology, Engineering, Arts,
and Mathematics—fosters creativity, critical thinking, and collaboration, aligning closely with Education for
Sustainable Development (ESD). “Green STEAM” goes further by engaging students with real-world
environmental and social challenges, helping them develop skills to contribute to the Sustainable Development
Goals (SDGs). The inclusion of the Arts adds empathy, communication, and ethical reflection, making STEAM
a powerful tool to prepare learners as agents of change for a sustainable future.

SIMULATION GAMES

Provide safe, immersive environments to explore real-world problems and learn from consequences.

Interactive Experiential learning Decision-driven
Science Technology Engineering Arts Mathematics
explore natural systems and Use digital tools and simulations to design solutions and build foster creativity, empathy and analyse data, model sustems and
evidence based understanding. model and innovate. sustainable infrastructure. cultural awareness. optimize decisions.

21 st CENTURY COMPETENCIES DEVELOPED

Critical Thinking Creativity & Innovation Communication Collaboration

SUSTAINABLE DEVELOPMENT GOALS (SDGs)

’¢

1.9. Industry,
innovation and
infrastructure

1.8. Decent work and

Y 1.11. Sustainable cities 1.13. Climate action 1.15. Life on land 1.17. Partnerships for
economic growth

and communities the goals

A 4

SUSTAINABLE FUTURE

1.4.Quality education

empowered learners and communities creating innovative, inclusive and sustainable for the plant.

Figure 1: Simulation games, STEAM and SDGs connection
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Why Simulation Games Are an approach for STEAM Education and its link with Sustainable future —

Students can interact with intricate real-world problems in the social, economic, and environmental
spheres through the immersive, interactive worlds that simulation games offer. They function as multidisciplinary
platforms that integrate knowledge from science, technology, engineering, the arts, and mathematics to address
sustainability concerns and develop critical 21st-century skills within the STEAM framework.

Environmental Stewardship: Because simulation games need players to integrate various topic areas in order
to solve complicated problems, they are closely aligned with the multidisciplinary idea of green STEAM
education. For instance, SimCityEDU uses engineering principles, environmental science, mathematical
modeling, and innovative urban design to challenge students to strike a balance between urban development,
environmental preservation, and economic viability (EduTechWiki, 2019). Similarly, sustainability-oriented
games like Crab God and Photosynthesis incorporate ecological ideas like biodiversity, resource management,
and climate change awareness into gameplay, giving students a sense of how environmental, social, and economic
systems are interconnected (Saldarriaga, 2025).

Economic Resilience: Simulation games encourage innovation, flexible thinking, and cooperative problem-
solving by putting players in decision-making roles with open-ended scenarios. Players create and oversee
resource systems, strike a balance between economic expansion and environmental preservation, and work
together on group projects in Oxygen Not Included and Minecraft: Education Edition, all of which reflect
sustainability issues in the real world (Saldarriaga, 2025). According to Gredler (2004), a lot of games have
cooperative or multiplayer aspects that foster abilities like communication, bargaining, and shared responsibility
that all of which are critical in both civic and professional life.

Social Equity: Simulation games' immersive qualities keep students interested by fusing interactive problem-
solving with compelling stories. Titles with a narrative focus, such as Akiiwan: Survival, integrate Indigenous
knowledge and cultural variety, promoting social equality and empathy while strengthening students'
understanding of sustainability issues (Saldarriaga, 2025). By providing autonomy, mastery, and purpose, game
features like feedback loops, incremental challenges, and scenario-based learning appeal to intrinsic drive.
Compared to traditional training, studies show that such environments enhance conceptual grasp and
perseverance. Simulation games make STEAM education engaging and effective by converting theoretical
concepts into hands-on learning.

A sustainable future demands individuals who can think critically about the interdependence of natural,
social, and economic systems, adapt to uncertainty, and innovate solutions that minimize harm while maximizing
collective well-being. Simulation games nurture this mindset by giving learners a safe yet realistic environment
to experiment with choices, witness consequences, and reflect on long-term impacts. As students engage with
scenarios that mirror real-world sustainability dilemmas from climate change mitigation to equitable resource
distribution, they build not just academic competencies but also a sense of responsibility, empathy, and agency.
Thus, simulation games empower learners to move beyond passive awareness of sustainability issues toward
active participation in shaping resilient, inclusive, and environmentally responsible futures. By fostering
environmental stewardship, economic resilience, and social equity, they transform abstract global challenges into
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interactive learning experiences. In doing so, simulation games not only cultivate 21st-century skills but also
prepare learners to contribute meaningfully to a sustainable future.

Case Studies and Best Practices

Numerous case studies demonstrate simulation games’ effectiveness:

Crystal Island: In order to establish a dynamic learning environment for upper elementary scientific
education, ‘Crystal Island: Uncharted Discovery’ is an intelligent simulation-based game that combines
the immersive features of commercial 3D gaming platforms with the adaptive feedback of intelligent
teaching systems. In line with the curriculum's focus on landforms, maps, and models, the game involves
students in real-world problem-solving exercises that call for cooperation, strategic thinking, and divergent
reasoning. The project is an example of how digital simulation may foster interdisciplinary skills like
scientific inquiry, spatial thinking, creative design, and data interpretation within a single interactive
platform by including STEAM elements (Saldarriaga, 2025; Crystal Island - Uncharted Discovery, n.d.).
SDG 4 (Quality Education), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 15 (Life on Land)
are all closely aligned with its design. SDG 4 promotes equitable access to high-quality, engaging STEM
learning, SDG 9 uses advanced educational technologies to improve learning experiences, and SDG 15
encourages environmental literacy through the study of Earth's systems. Crystal Island shows how
intelligent game-based settings may promote sustainable education by making science learning both
accessible and engaging for all learners through its research-driven methodology and emphasis on diverse
student populations.

Figure 2: Crystal Island - Uncharted Discovery

Source: https://ci-uncharteddiscovery.appspot.com/
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Minecraft: Education Edition serves as a transformative learning environment that blends immersive
gameplay with rigorous academic inquiry. The platform cultivates spatial reasoning, creative design, and
collaborative problem-solving through a uniquely flexible, open-world interface. Empirical studies like
the Ireland’s Future is MINE project reveal that when students reimagine sustainable communities using
Minecraft, they develop essential twenty-first-century competencies, including creativity, collaboration,
and digital literacy (Slattery et al., 2023), while engaging with education aligned with the Sustainable
Development Goals. By bridging STEAM education with sustainability, Minecraft empowers students to
both understand and act meaningfully on global challenges—fulfilling objectives of quality education,
sustainable communities, climate awareness, and partnerships for change.

Research into STEAM-integrated approaches using Scratch further evidences improvements in
computational thinking, creativity, and sustainability-focused learning outcomes. Tan et al. (2021) found
that when learners engaged in designing interactive stories, simulations, and games on sustainability
themes—such as renewable energy use, waste reduction, and biodiversity conservation—they not only
developed stronger coding and logical reasoning skills, but also deepened their understanding of
environmental challenges and solutions. Scratch’s block-based programming environment lowers entry
barriers to coding, enabling interdisciplinary learning that blends science concepts, mathematical
reasoning, artistic design, and technological problem-solving. This aligns closely with SDG 4 (Quality
Education) by promoting inclusive and engaging learning, SDG 13 (Climate Action) by fostering climate
awareness through creative projects, and SDG 17 (Partnerships for the Goals) by encouraging
collaborative development of solutions within classroom and global online communities.

Simulation games such as Crystal Island, Minecraft: Education Edition, and SimCityEDU play a

significant role in promoting green STEAM education by integrating science, technology, engineering, arts, and
mathematics with sustainability concepts. These immersive platforms allow learners to experiment with real-
world challenges like climate change, resource management, urban planning, and environmental conservation in
a safe, interactive environment. By solving problems that require balancing ecological health, economic growth,
and social needs, students not only strengthen their STEAM knowledge but also develop critical thinking,
creativity, and systems-based understanding. In this way, these games cultivate environmental responsibility and
prepare learners to address sustainability challenges in innovative and practical ways.

Challenges and Considerations

Despite their potential, integrating simulation games into STEAM education for sustainable development

comes with several key challenges:

Curriculum Alignment and Learning Goals

Integrating simulation games into established curricula can be difficult due to mismatches between game
mechanics and formal learning objectives. For example, the integration of business simulation games into
higher education often faces challenges related to matching learning outcomes and assessments with
gameplay features (Faisal et al., 2022). Educational games must therefore be intentionally designed or
adapted to align with rigorous academic standards to avoid being seen as peripheral rather than core
instructional tools.
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Need for Empirical Evaluation and Co-Design

There is a pressing need for rigorous empirical research and collaborative co-design with educators to
ensure that simulation games are both pedagogically effective and culturally relevant. For instance,
randomized controlled trials assessing systems-thinking—oriented simulations have demonstrated
significant improvements in sustainability education outcomes, highlighting the importance of empirical
validation (Green et al., 2021). Additionally, while gamified online co-design methods have demonstrated
promise in fostering engagement and creativity in sustainability-focused design processes, their
effectiveness is still contingent on context-specific design considerations (Zhang et al., 2022).
Accessibility and the Digital Divide

Simulation games often require reliable technology and connectivity, which can exclude students in
resource-constrained settings. A review of simulation uptake in educational settings identified
technological and curricular constraints such aas including lack of contextualized curricula, expensive
hardware, and few trained facilitators as significant barriers (Ismail et al., 2024). Addressing these gaps
requires designing simulations that are accessible across diverse socio-economic and infrastructural
contexts.

Teacher Training and Pedagogical Integration

The successful implementation of simulation games hinges on teacher preparedness. Without adequate
support and training, educators may struggle to facilitate gameplay in a way that effectively bridges
experience with learning. Wikipedia highlights several barriers to the use of games in classrooms including
inflexible curricula and limited teacher experience which underscores the necessity for professional
development and pedagogical scaffolding (educational video game, 2025).

Future Directions

The future of simulation games in STEAM education for sustainable development lies in the convergence

of emerging technologies, inclusive design, and systemic policy support.

Leveraging Emerging Technologies

Advancements in artificial intelligence (Al), virtual reality (VR), augmented reality (AR), and adaptive
learning analytics can significantly enhance the realism, responsiveness, and personalization of simulation
games. Al-driven adaptive systems could tailor game scenarios to individual learner profiles, providing
differentiated pathways for mastering sustainability concepts. Immersive VR and AR applications could
place students directly within simulated ecosystems, urban environments, or socio-economic systems,
making sustainability challenges more tangible and emotionally engaging.

Inclusive and Culturally Relevant Game Design

Future development should prioritize culturally responsive and locally relevant simulations. Co-design
processes involving educators, community stakeholders, and learners can ensure that game narratives and
mechanics reflect diverse perspectives, indigenous knowledge systems, and region-specific sustainability
challenges. This would increase engagement, relevance, and adoption, particularly in underrepresented
and marginalized communities.

Bridging the Digital Divide
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Ensuring equitable access to simulation-based learning requires investment in low-bandwidth and oftline-
capable game versions, affordable hardware solutions, and shared resource models for schools in low-
resource settings. Partnerships with governments, NGOs, and private sectors could fund infrastructure
development and ensure broad access.

e Teacher Training and Professional Development
Comprehensive professional development programs should equip educators with both the technical
proficiency to operate simulation platforms and the pedagogical skills to facilitate reflective,
interdisciplinary learning experiences. Integrating simulation-based pedagogy into teacher education
curricula can foster long-term sustainability in implementation.

e Policy Integration
National and regional education policies must explicitly recognize simulation games as valid pedagogical
tools within STEAM and sustainability education frameworks. Accreditation bodies could include game-
based learning outcomes in curriculum standards, encouraging systematic adoption and funding for
simulation resources.

Conclusion

Simulation games have emerged as transformative tools in STEAM education, bridging the gap between
theoretical learning and practical application in pursuit of the United Nations Sustainable Development Goals
(SDGs). By immersing learners in dynamic, decision-driven environments, these games foster systems thinking,
creativity, collaboration, and problem-solving across the three pillars of sustainability—environmental
stewardship, economic resilience, and social equity. The reviewed case studies, such as Crystal Island, Minecraft:
Education Edition, and sustainability-themed Scratch projects, illustrate the capacity of simulation games to
engage learners deeply, enhance conceptual understanding, and inspire real-world action. They demonstrate that
when thoughtfully integrated into curricula, simulation games not only support academic achievement but also
cultivate ethical responsibility, empathy, and a future-oriented mindset.

However, realizing the full potential of simulation games requires addressing challenges such as
curriculum alignment, equitable access, teacher training, and empirical validation. Looking ahead, the integration
of emerging technologies, culturally relevant design, and supportive policy frameworks will be critical to
expanding their impact.

In sum, simulation games are not merely supplementary tools whereas they are catalysts for
transformative, interdisciplinary education that empowers learners to become proactive agents of sustainable
change. By investing in their development, integration, and accessibility, educators and policymakers can harness
their full potential to shape a generation equipped to meet the complex demands of a sustainable future.
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