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Abstract  
South Africa’s escalating environmental challenges, exacerbated by the Anthropocene, demand a radical 

rethinking of design education. While science and engineering have developed mechanisms to address 

ecological degradation, design education remains rooted in Human-Centred Design, which prioritises 

human needs while neglecting planetary systems. This paper argues for a paradigm shift toward Planet-

Centred Design, supported by interdisciplinary collaboration through STEAM(D) (Science, Technology, 

Engineering, Arts, Mathematics + Design) and biodesign as transformative approaches for South African 

tertiary arts, design, and engineering education. Employing a qualitative, interpretivist methodology of 

conceptual analysis, case studies, and literature-based theoretical synthesis, this study explores how 

arts, design and engineering curricula can evolve to address the planetary consequences of human 

impact. The research is grounded in a comprehensive literature review that contextualises the 

ecological urgency of the Anthropocene and identifies opportunities for curricular innovation through 

interdisciplinary collaboration, transformative change, and the integration of speculative and futures 

thinking into design pedagogy. The paper draws on Planet-Centred Design and Engineering for One 

Planet to propose a multi-approach that aligns with the United Nations Sustainable Development 

Goals. It highlights the potential of Planet-Centred Design to foster ecological empathy, systems 

thinking, and long-term sustainability by recognising nonhuman stakeholders and reframing design 

challenges within broader temporal and spatial contexts. STEAM(D) education cultivates critical, 

creative and collaborative competencies, while biodesign offers regenerative, biology-informed 

solutions that bridge science, design, and sustainability. The research contributes to the growing 

discourse on reimagining design education. It invites South African higher education institutions to 

lead in embedding sustainability into curricula by adopting interdisciplinary, future-oriented design 

practices. The paper concludes by calling for further research into practical frameworks and 

mechanisms for integrating Planet-Centred Design, STEAM(D), and biodesign into tertiary education, 

ensuring that future designers are equipped to co-create a more sustainable and equitable world. 

Keywords: Sustainability, biodesign, design education, planet-centred design, sustainable design, 

human-centred design 
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Introduction 
South Africa faces various interconnected environmental issues, which are consequences of the 

Anthropocene that threaten sustainability and longevity. Despite science and engineering developing 

mechanisms to address these issues, design practices remain focused on Human-Centred Design, 

which prioritises human needs whilst insufficiently considering the broader ecological impacts of 

products and services. The complex challenges of the Anthropocene era demand a profound shift in 

how humanity coexists on Earth. Addressing these challenges requires a deeper understanding of 

current conditions and a strengthened capacity to envision alternative, more desirable futures. As 

such, arts, design and engineering curricula in tertiary education must prioritise sustainability with 

other ‘centricities.’ 

Through an interpretivist approach, using conceptual analysis, case studies and literature-based 

theoretical synthesis, this paper explored opportunities to shift from Human-Centred to Planet-

Centred Design within the South African tertiary arts, design and engineering education context. The 

emphasis is on integrating broader interdisciplinary collaboration opportunities, such as Planet-

Centred Design, Engineering for One Planet (EOP) and biodesign through STEAM(D) education. 

By exposing students to real-world challenges stemming from Anthropocene, tertiary institutions can 

cultivate future-ready societal participants who are environmentally conscious and equipped to tackle 

pressing environmental sustainability issues. 

South Africa's unique socio-economic and environmental landscape provides an opportunity to lead 

in reimagining arts, design, and engineering education for sustainability, fostering innovative solutions 

that consider the planet as a critical stakeholder. Through advocating for and adopting a planet-

centred mindset, the environmental challenges of the present can instil responsibility in future 

interdisciplinary-design collaborators to acknowledge and address the direct impact of humanity on 

the planet. 

Research question 
How can arts, design and engineering tertiary education curricula evolve to address the planetary 

consequences of human-centred design and human impact more comprehensively? 

Literature review – problem contextualisation and scoping 
The Anthropocene is an era characterised by the significant impact of human activity on Earth's 

systems. This impact is well-documented, as 2023 was recorded as the warmest year in 174 years 

(Roberts et al. 2024; Tong et al. 2025). It has become imperative for humanity to realise the 

consequential anthropogenic-enabled ecological transformation and disrupted functioning of Earth’s 

systems, as the reshaping impacts on the sustainability of humanity and nature are aggravated due to 

the accelerated transformation of Earth’s ecology (Watson et al. 2023; Veríssimo et al. 2024). 

Protection, conservation, and development require a united collective effort to initiate the desired 

radical change to address these challenges (Tong et al. 2025). However optimistic, a resolution is yet 

to come to fruition. Baumann (2024, p. 54) argues that “the challenge is one of social justice as much 

as technology and finance”. The significant challenges in addressing the issues underscore that society 

cannot simply assume that key players have the knowledge, understanding, emotional resilience, and 

resources required (Guzzo et al. 2024). But not mitigating the issues now will only aggravate the 

situation. At this stage, the view is that there is no significant short-term resolution because what is 
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ecologically essential is not politically practicable, and the politically practicable is ecologically 

inadequate (Baumann 2024). Governments cannot manipulate Earth systems, but they can effectively 

implement and enforce cost-effective, technologically feasible and essential conceptual and 

perceptual interventions and measures against environmental and social impacts (Ayala 2024; Guzzo 

et al. 2024). 

The implementation of interventions and measures is typically reactive rather than proactive. 

Conservation and management of the environment are essential to mitigating impacts and are 

detrimental to the Earth’s and humanity’s longevity (Ahluwalia 2018; Persinger, Vint & Canavan 2024). 

Several stipulations have been devised, but adopting policies and measures to conserve, protect and 

prevent is not enough. The conservation of biodiversity is embedded in human persuasion by 

influencing human behaviour (Veríssimo et al. 2024). A prosperous future can be achieved by 

addressing these interconnected challenges simultaneously. 

Literature review – opportunities 

Interdisciplinary collaboration: Beyond human-centred in STEAM education and sustainability 

STEAM education is gaining popularity as an interdisciplinary approach to develop students’ critical 

thinking, complex problem-solving, creativity and collaboration skills for real-world problem solving, 

which are increasingly important and highly sought-after skills for a 4IR highly skilled workforce 

(Oladele & Ndlovu 2024). Adopting industry-developed practical, hands-on approaches and design 

methods that emphasise real-world implementation and impact to enable the ability to innovate and 

develop sustainable solutions to complex problems in education are crucial and can be valuable. 

Integrating sustainable development competencies and future-oriented skills into curricula requires 

innovative and forward-thinking approaches. 

Väätäjä and Tihinen (2022) found that engaging with contemporary, industry-led methods during 

studies has given students practical experience and boosted their confidence in applying these 

methods. Projects that adopt, integrate, and apply industry methods in practice to solve real-life 

problems have proven fruitful in learning industry-led practices. Furthermore, Problem-based learning 

(PBL) is a fitting pedagogical approach to the acquisition of necessary competencies in sustainable and 

proactive development. 

In sustainable design and innovation, the Planet is considered an equal societal stakeholder. However, 

the challenge is “that people have difficulties relating to the nonhuman and interpret the world in 

terms of human values and experiences” (Talgorn & Ullerup 2023, p. 1). There is a growing need for 

practical tools that foster emotional connections with the planet and actively involve nonhuman 

stakeholders in sustainability efforts. Prioritising only human needs leads to unsustainable solutions, 

whereas addressing both human and nonhuman needs is essential for developing outcomes that 

support all stakeholders within the planetary ecosystem. 

Design, with its empathetic mechanisms for understanding human needs and perspectives, has the 

potential to serve as a bridge for interpreting the non-human world and incorporating planetary 

viewpoints into sustainable development initiatives (Talgorn & Ullerup 2023). Designers are beginning 

to use personas representing nonhuman stakeholders as a foundational tool in storytelling. By crafting 

narratives around these personas, exploring their perspectives, emotions, and responses, designers 

can better acknowledge their agency and moral significance, placing nonhuman entities on equal 

footing with humans. 
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Emerging design frameworks challenge anthropocentric views by redefining relationships among 

humans, nonhumans, technology, and space. Nature-inclusive approaches such as bio-inclusive, life-

centred, and planet-centred design, driven by posthumanism and systems thinking, advocate for 

broader stakeholder involvement and the inclusion of 'more-than-human' perspectives in design 

(Talgorn & Ullerup 2023). Participatory storytelling, ecological story co-creation, and participatory 

ecological storytelling are emerging methods that foster planetary empathy by recognising the needs 

and voices of nonhuman stakeholders. These approaches support self-reflection, collective sense-

making, and emotional engagement with sustainability through the imaginative exploration of 

planetary perspectives. By complementing data-driven methods like circular design, they offer 

intuitive, emotionally resonant pathways into sustainable design. Moreover, they enrich key design 

competencies such as systemic thinking, communication, behavioural insight, and community 

building. 

Transformative change, art, speculative and futures thinking, and science fiction narratives in 

the Anthropocene 

Addressing the complex challenges of the Anthropocene demands transformative change to bridge 

and complement the heterogeneous concepts of justice, sustainability, and transitions, a profound 

shift in how humanity relates to the planet, a deeper understanding of current conditions, and a 

strengthened capacity to envision alternative, more desirable futures. Although current attempts are 

useful and necessary to address these challenges, they are inadequate. 

While most research on climate-related behaviour change focuses on individuals, there is a need to 

explore community-level impacts and long-term outcomes. The social-ecological model offers a 

framework for evaluating these efforts, which depend not only on policy and technology but also on 

shifts in behaviour and social norms (Chatterjee, Thongprasert & Some 2024; Veríssimo et al. 2024). 

Systemic change that transforms existing power dynamics and structures, which are the underlying 

causes of unsustainable and unjust systems, can be facilitated by Just Sustainability Transitions 

(JUSTRAs) (Avelino et al. 2024). JUSTRAs are transformative processes to enable both human and 

nonhuman longevity, while addressing injustices that are rooted in unsustainable practices. To achieve 

this, humanity must deepen its understanding of current conditions, strengthen its capacity to co-

imagine and communicate hopeful futures, and explore diverse pathways toward these possibilities. 

Insights gained from the evolution of futures-thinking offer valuable models for guiding this 

transformation. For several decades, various approaches to futures-thinking have facilitated a shared 

understanding of critical issues, their underlying causes and potential pathways towards more 

optimistic futures (Cork et al. 2023). The role of futures-thinking in resolution has been unparalleled. 

Recent developments include diversification of disciplinary engagement, new methodological 

syntheses, global bodies, a focus on transformation, participatory futures-thinking, and clarifying 

values. Literature suggests that futures-thinking requires development before being widely accessible. 

However, progress is evident, with individuals having the skills and willingness to collaborate with 

people to understand the present and imagine alternative futures. 

Ecological science fiction explores themes like climate collapse, technocratic solutions, colonial 

legacies, and posthuman futures. It reframes the present as a precursor to multiple futures, urging 

action toward sustainability (Persinger, Vint & Canavan 2024). The genre has long imagined altered 

planetary climates and now focuses on human-driven environmental change, influencing and 

reflecting public discourse on the climate crisis. It highlights how everyday choices shape the futures 

we face. Furthermore, artistic and speculative practices offer vital responses to the complex 

challenges of the Anthropocene, a crisis that is both political and aesthetic. By bridging the divide 
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between culture and nature, contemporary art fosters emotional connection, care, and awareness of 

ecological issues (Guzzo et al. 2024). It enables us to perceive the world as a living whole and imagine 

alternative futures beyond technocratic or purely scientific solutions. Through poetic and imaginative 

engagement, art reveals multiple pathways for understanding and addressing shared ecological 

concerns. 

While human activity is widely acknowledged as the driver of climate disruption, dominant responses 

often favour large-scale technological interventions, overlooking the role of perception, imagination, 

and cultural narratives (Guzzo et al. 2024). Ecological art and science fiction reframe the present as a 

precursor to diverse futures, encouraging reflection on everyday choices and their long-term impact. 

These creative modes not only mirror public discourse but actively shape it, expanding our capacity to 

envision and work toward more sustainable, inclusive planetary futures. 

Methodology and research design 
This study adopted a qualitative, interpretivist research approach to explore how tertiary arts, design 

and engineering education in South Africa can evolve to address planetary challenges through 

interdisciplinary frameworks and conceptual collaborative opportunities. The interpretivist paradigm 

was chosen to allow for a nuanced understanding of conceptual shifts and educational practices, 

acknowledging the subjective, complex and context-dependent nature of educational and curriculum 

transformation, and the need for context-sensitive, future-oriented approaches. The study did not 

seek generalisable truths but rather aimed to propose a conceptual and practical pathway for 

integrating sustainability into tertiary arts, design and engineering education through interdisciplinary 

collaboration. 

Three interrelated methods were employed: 

Conceptual analysis 

Key concepts such as Planet-Centred Design, STEAM(D), and biodesign were critically examined 

through literature to understand their theoretical foundations, pedagogical implications, and 

relevance to sustainability education. This involved identifying recurring themes, definitions, and 

tensions across disciplines, and synthesising insights to propose a cohesive framework for curricular 

integration. 

Case studies 

The paper drew on Planet-Centred Design, The Engineering for One Planet (EOP) Framework, and 

biodesign as case studies. These were selected based on their prominence in sustainability discourse 

and their interdisciplinary nature. Each case was analysed in terms of scope and objectives, 

educational relevance, and the potential for adaptation in South African tertiary arts, design and 

engineering education curricula to inform curriculum design, foster ecological empathy, and support 

systems thinking. 

Literature-based theoretical synthesis 

Literature was sourced using EBSCOhost, EBSCO Publication Finder, Semantic Scholar, and Google 

Scholar with targeted keywords and search terms. A curated selection of 31 relevant texts from 42 

texts that were sourced was analysed to identify patterns, gaps, and opportunities in sustainability 

education, and were evaluated for relevance to the South African context, interdisciplinarity, and 

http://www.defsa.org.za/


© Copyright 2025 Design Education Forum of Southern Africa (www.defsa.org.za)    710 

pedagogical innovation. The literature was categorised into 1. Problem Contextualisation and Scoping, 

and 2. Opportunities. 

Analysis, findings and discussion 
The need for sustainable development has drastically increased because of the significant decrease in 

basic resources and escalating Anthropocene impacts. Sustainable development necessitates careful 

consideration of environmental issues (Kanmani et al. 2020). Education faces the challenge of 

preparing individuals and societies to navigate growing environmental and social issues within an 

increasingly industrialised, technological, urbanised, and multicultural world, characterised by 

volatility, uncertainty, complexity and ambiguity (VUCA) (Sarid & Goldman 2021). Rather than 

complete reinvention, practitioners, educators, and curriculum developers have opportunities to re-

examine existing frameworks to foster innovation through interdisciplinary collaboration. 

Resolution efforts need to move beyond Human-Centred Design to realise pathways to a post-

Anthropocene era (Davidova & Zavoleas 2020; Vignoli et al. 2021). There is significant opportunity to 

improve systems by considering their entire life cycle focusing not only on human needs, but also on 

those of the planet. The focus should be broader than human benefit and “consider how human beings 

fit into the broader ecosystem of life on this planet” (Xu 2021, p. 43). 

Research and discourse have proposed varying questions, opinions and suggestions for the 

enablement of sustainable production, consumption and action through novel approaches and 

practices, behaviourism, law, policy and regulation, and education. For humanity to thrive sustainably 

and equitably, agile interdisciplinary approaches and inclusive knowledge systems are required 

amongst transformational policies, political redress and traditional science. However, research on 

integrating Planet-Centred Design, STEAM(D) and biodesign in South African tertiary education is rare. 

Therefore, inspired by and with reference to the principal global organisation, research platform and 

collaborative interdisciplinary network, Future Earth (2025) is positioned within this paper as a critical 

lens framing and advocacy narrative for forward-thinking change and transformation for the 

respective integration of Planet-Centred Design, STEAM(D) and biodesign, within tertiary arts, design 

and engineering education curricula. 

Future Earth aims to enable and enrich integrated knowledge co-construction and capacity building 

through interdisciplinary systems thinking collaboration in a rapidly expanding area of research and 

practice to deepen understanding of the complex relationship between Earth systems and human 

dynamics across different disciplines (Huadong 2016; Shrivastava et al. 2016). By adopting this 

enablement, tertiary arts, design and engineering educators can develop the future of innovative, 

sustainable societal participants and problem-solving leaders needed for successful sustainability 

transitions and transformations (Rockström 2016; Cheng 2020). 

Such can be achieved through a combined beyond-human-centred multi-approach comprising Planet-

Centred Design & Problem-Based Learning (Väätäjä & Tihinen 2022; Vincit 2022), Beyond Net Zero: A 

Systemic Design Approach (Design Council 2021), the Biodesign Challenge, and The Engineering for 

One Planet (EOP) Framework (Welker et al. 2022). This paper specifically discusses Planet-Centred 

Design, the EOP Framework and biodesign for STEAM(D) education, respectively. 
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Planet-centred interdisciplinary-design collaboration with the EOP framework and biodesign 

through STEAM(D) education 

Science, Technology, Art and Mathematics, abbreviated as STEAM, is a popularly adopted 

interdisciplinary approach to solving world problems. In this interdisciplinary effort, design has long 

been overlooked, never fully realised for its intricacies. As such, Design should be an extension of 

STEAM, hence STEAM(D). Design in this context does not refer to engineering design; it encompasses 

all its disciplines, such as graphic, interior and fashion. 

Responding effectively to planetary challenges requires bold, transformative strategies that go beyond 

traditional frameworks and offer new, impactful ways of problem-solving. However, conventional 

approaches, often rooted in human-centred thinking, are not always well-suited to the scale and 

complexity of these issues. While Human-Centred Design (HCD) has contributed to technological 

advancement and user-focused innovation, it often reinforces human exceptionalism, marginalising 

non-human life (Ciravegna, Giardina & Pletto 2023; Giaccardi, Redström & Nicenboim 2024). In the 

face of planetary challenges, such as environmental degradation and social inequity, traditional 

frameworks like HCD fall short in supporting sustainable living and the development of a green 

economy by focusing on human needs, overlooking ecological considerations, and treating the planet 

as secondary (Grotzer & Cao 2023). 

Addressing these challenges requires a shift toward Planet-Centred Design (PCD), which aligns human 

and planetary needs, promotes sustainability, and embraces bold, systemic strategies. By recognising 

humans as part of a broader ecological community, PCD offers a more inclusive and resilient approach 

to design in the Anthropocene. PCD integrates systems thinking with service design to address 

sustainability challenges, shifting the focus to all living systems and inhabitants of the planet. It 

evaluates design feasibility based on alignment with Earth's ecological limits and dynamics, promoting 

solutions that are inherently sustainable and responsive to planetary needs (Grotzer & Cao 2023). 

Rather than opposing HCD, PCD expands its scope, encouraging designers to rethink what it means to 

centre the Earth in design practice. (Grotzer & Cao 2023). While HCD begins by empathising with the 

intended users of a product or service, PCD expands this approach by considering both human and 

non-human actors within shared activity spaces. PCD then extends beyond these immediate contexts 

to examine how these actors are situated within broader, interconnected systems. It reframes design 

challenges within longer temporal scales and wider spatial dimensions, encouraging solutions that are 

responsive to planetary dynamics and long-term sustainability. 

In postgraduate education at a Nordic University, PCD has proven valuable for developing future-

oriented, sustainable concepts (Väätäjä & Tihinen 2022). Students appreciated its relevance to both 

personal and professional contexts, especially the collaborative, multidisciplinary teamwork it fosters. 

The creative process enhanced their confidence, while the systemic approach helped them grasp the 

complexity and interconnectedness of sustainability issues. Despite challenges in making sustainable 

choices, the method provided practical tools and insights that students found applicable beyond the 

classroom. 

A few modern frameworks have been recently developed, specifically the SDG-conscious Engineering 

for One Planet (EOP) initiative and framework, which was developed through a collective effort with 

numerous industry, government and academia stakeholders, to help guide the curricular changes 

needed to equip future professionals with the knowledge, skills, and attitudes needed for sustainable 

engineering practice (Welker et al. 2022). The framework boasts a robust set of shared 

interdisciplinary fundamental and advanced sustainability learning outcomes that can be adopted and 

integrated into curricula. 
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The EOP framework is grounded on systems thinking, an emphasis on the minimisation of resource 

use with the desire to reach a circular economy, an appreciation and balancing of economic, social, 

and environmental benefits and costs, and inclusive and transparent decision-making processes. EOP 

offers a transformative approach to interdisciplinary education in South Africa by integrating 

environmental sustainability across all disciplines. It emphasises the importance of specialised 

knowledge while equipping students and educators with essential sustainability principles and skills 

(Welker et al. 2022, p. 3). Structured around systems thinking, the framework includes 43 core and 39 

advanced outcomes, organised into eight key areas: communication and teamwork, environmental 

literacy, responsible business, social responsibility, impact measurement, materials choice, design, 

and critical thinking. This comprehensive structure supports the development of ecologically 

informed, collaborative, and future-oriented educational practices. The EOP framework, through its 

design, can support curricular transformation and reform by outlining clear educational outcomes that 

help integrate sustainability into tertiary interdisciplinary education in South Africa to ensure students 

develop the essential knowledge, skills, and attitudes needed to design and create for sustainability. 

However, implementation challenges may include limited institutional capacity, a lack of faculty 

training in sustainability, and the need for policy alignment. 

Boundaries between fields and disciplines continue to blur, resulting in the formulation of modern 

approaches. Such is true for biology and design in this case. Biodesign is an emerging interdisciplinary 

field that merges biology and design to support sustainable futures for both society and ecosystems 

(Andréen & Goidea 2022; Malshe et al. 2023). By integrating biological systems and principles into 

design and technology, biodesign reimagines resource use and material innovation, fostering 

regenerative and symbiotic solutions. It leverages biological materials, organisms, and processes to 

create multifunctional, resilient, and frugal outcomes (Pollini & Rognoli 2024; do Nascimento & 

Heemann 2024). This approach challenges conventional design by promoting ecological responsibility 

and rethinking human consumption patterns. As biodesign gains traction, it offers renewable 

production methods, full recyclability, and ecosystem compatibility, positioning biology as a guide for 

sustainable innovation and transformative design practices (Ahmad et al. 2024; Andréen & Goidea 

2022). Using the approach, students and professionals can identify and address the unmet needs of 

society across various sectors by developing novel products and improving technologies through 

design with biology. 

Despite its promise, biodesign faces barriers such as limited access to biotechnology labs, ethical 

concerns, and the need for interdisciplinary faculty collaboration. Opportunities lie in fostering 

partnerships between arts and design schools and biological science departments, and in aligning 

biodesign initiatives with national priorities and institutional objectives. For South African tertiary 

education, the Biodesign Challenge (BDC) provides an opportunity for introductory integration of 

biodesign into arts, design and engineering curricula. The BDC is an international education 

programme and design competition that bridges the segments of STEAM(D) by encouraging the 

collaborative participation of high school and college students to engage, imagine, innovate and 

critique biotechnology, its future applications and implications (Grushkin 2021; Paghdar 2024). 

To ensure the practical adoption of these approaches, methodologies and frameworks, South African 

tertiary education institutions can explore multiple integration formats. The EOP framework, PCD, and 

biodesign with the BDC can be embedded into curricula through elective or core modules, 

interdisciplinary design projects, short learning programmes, and ad hoc initiatives such as hackathons 

or design sprints. For example, courses could incorporate the EOP framework’s sustainability 

competencies into studio-based learning, while existing ecological design modules could expand to 

include BDC themes. These initiatives align with national policy frameworks which advocate for 
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sustainability, innovation, and interdisciplinary collaboration. By adopting flexible and context-

sensitive formats, institutions can foster ecological literacy and systems thinking, equipping graduates 

to address complex planetary challenges through arts, design, and engineering. 

Conclusion 
This paper examined the ecological challenges of the Anthropocene and proposed integrating Planet-

Centred Design, STEAM(D), and biodesign into South African tertiary arts, design, and engineering 

education. These interdisciplinary approaches offer a necessary shift from human-centred paradigms 

toward ecological responsibility and systems thinking. 

To ensure academic relevance and professional readiness, curricula must incorporate innovative, 

industry-aligned methodologies that foster sustainability competencies. Such integration enhances 

both skill development and meaningful engagement with environmental issues. 

The research contributes to ongoing discourse by identifying opportunities for curricular 

transformation and invites South African institutions to reimagine design education as a driver of 

sustainable innovation. These frameworks align with global sustainability goals and present fertile 

ground for experimentation and collaboration. 

Future research should focus on developing practical mechanisms for embedding these approaches 

into curricula. Doing so will ensure that design education not only reflects the complexities of the 

Anthropocene but also equips graduates to co-create a more sustainable and equitable future. 
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