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Question 5. Design Thinking and Material Practices: 

How are contemporary practices of design and making reshaping ideas of authorship, agency, and materiality in response to shifting technological, ecological, and philosophical paradigms? Consider how approaches such as speculative design, generative systems, or post-digital craft are contributing to these developments.


Essay Title: 
Making with Living Systems: Agency, Materiality, and Authorship in Contemporary Biodesign.

Abstract:
Contemporary design practices increasingly engage living biological systems as active participants in processes of making. In these contexts, materials are no longer understood as passive substrates awaiting form, but as dynamic systems whose growth and transformation contribute directly to the emergence of form. This shift challenges traditional hylomorphic models of design, in which the designer imposes a preconceived idea onto inert matter.

Drawing on Tim Ingold’s account of morphogenesis, Jane Bennett’s concept of vibrant matter, and Donna Haraway’s notion of sympoiesis, this essay examines how contemporary material practices redistribute agency between human and non-human actors. Through analysis of the work of Diana Scherer and Carole Collet, it demonstrates how biological materials function as generative systems that actively participate in processes of making.

The essay argues that these practices do not eliminate authorship but fundamentally reconfigure it, positioning the designer as a facilitator of conditions rather than the sole originator of form. In doing so, contemporary design approaches challenge human-centred models of creativity and propose a more relational, distributed, and process-oriented understanding of materiality and authorship.

Essay:
Within Western philosophical traditions, materials have often been understood as passive resources provided by nature, shaped and directed through human intention. This hylomorphic model—derived from the Greek hule (matter) and morphē (form)—originates in the philosophy of Aristotle, who proposed that physical objects consist of matter organised through form (Ainsworth, 2024). Historically, this framework has strongly influenced understandings of art and design, positioning the artist or designer as the originator of form, while materials function as passive substrates through which preconceived ideas are realised. Within this model, form is conceived internally by the maker and subsequently imposed upon inert matter during the act of making. As Ingold observes, the resulting object is therefore understood as the realisation of a preconceived idea whose configuration is assumed to remain stable once the act of making is complete (Ingold, 2013, p. 20). This perspective reinforces the assumption that creative agency resides primarily with the designer, while materials play a largely passive role in shaping the work.

However, this understanding of making as the imposition of predetermined form onto passive matter has increasingly been challenged within contemporary design discourse. Rather than treating materials as inert substances awaiting control, designers now engage with processes that mobilise, transform, or generate natural systems. These approaches may involve simulating biological behaviours through computational models or cultivating living materials directly. In such contexts, material processes become visible within the act of making, and form emerges through interactions between designer, material, and environment. As a result, the outcome is no longer entirely determined by the designer alone.

Contemporary material-led design practices increasingly draw upon scientific and biological methodologies. Within this context, materials are understood not as inert substances but as dynamic systems whose properties emerge through processes of growth, metabolism, and transformation (Fratzl et al., 2021, p. 4). This shift is reflected in theoretical approaches that reconceptualise making as an interaction between human and non-human forces. Concepts such as morphogenesis (Ingold, 2013, p. 22), Bennett’s notion of vibrant matter and “thing-power” (Bennett, 2010, pp. vii, 2), and Haraway’s sympoietic “making-with” (Haraway, 2016, p. 58) collectively reframe design as a negotiation between human intention and the capacities of materials themselves. Within this understanding, the role of the designer shifts from imposing predetermined form to facilitating the conditions through which material outcomes emerge.

These developments are evident in the work of contemporary designers who engage living systems as generative media. The practices of Diana Scherer and Carole Collet provide two significant examples. Scherer’s cultivation of plant root systems demonstrates how biological growth can function as a generative agent within processes of making, while Collet’s speculative bio-material research positions design as an experimental engagement with living systems rather than the production of fixed objects.

This essay argues that contemporary design practices involving living biological systems reshape conventional understandings of authorship, agency, and materiality. Drawing on theoretical perspectives from Tim Ingold, Donna Haraway, Jane Bennett, and materials science, it demonstrates that working with living matter redistributes agency between human designers and non-human material systems. In doing so, it positions designers less as authors of form and more as facilitators of the conditions within which biological processes unfold.


Building on this shift away from hylomorphic understandings of making, contemporary theoretical approaches increasingly reconceptualise matter as active, dynamic, and participatory. Central to this reconceptualisation is Jane Bennett’s concept of vibrant matter, which challenges the assumption that materials are inert or passive. Bennett proposes that matter possesses a form of vitality that enables it to act, respond, and influence outcomes within a given system (Bennett, 2010, p. vii). She describes this as “thing-power”, referring to the capacity of material entities to participate in events and shape what emerges (Bennett, 2010, p. 2). From this perspective, agency is not located solely within human intention but is distributed across both human and non-human actors.

This shift destabilises the traditional separation between subject and object. Rather than viewing materials as external to human activity, Bennett suggests that all bodies—human and non-human—are entangled within dense networks of relations (Bennett, 2010, p. 13). Matter, in this sense, is not static but dynamic and continuously in motion, actively participating in processes of becoming (Bennett, 2010, p. 55). She further critiques the tendency within language and discourse to frame “material” as something fixed and subordinate to human control, arguing that such representations obscure the active role materials play in shaping processes and outcomes (Bennett, 2010, p. 58). Taken together, these ideas reposition matter as an active participant in processes of formation rather than a passive substrate awaiting form.

Ingold similarly challenges the hylomorphic model by proposing that making should be understood as a morphogenetic process. Rather than beginning with a fully predetermined form, morphogenesis describes the emergence of form through ongoing interactions between materials, environmental conditions, and the actions of the maker (Ingold, 2013, p. 25). From this perspective, making is not the execution of an internal plan but an ongoing engagement with materials as they unfold over time. Form arises through negotiation, responsiveness, and interaction, rather than imposition.

Developments in materials science further reinforce this reconceptualisation of materiality by emphasising the dynamic properties of biological systems. Materials research distinguishes between biological materials, which develop through growth processes within living organisms, and biomaterials, which are engineered to interact with biological systems (Fratzl et al., 2021, p. 4). Biological materials such as plant tissues and fibres emerge through continuous interaction with environmental conditions, meaning their properties are not fixed but evolve over time. Biomaterials, while engineered, similarly operate within dynamic systems of interaction rather than existing as static substances.

Within this scientific framework, the concept of active matter provides further insight into how material systems generate form. Active matter refers to systems composed of individual units that consume energy and convert it into movement or activity, resulting in collective behaviours that emerge through interaction rather than external control (Fratzl et al., 2021, p. 20). Examples include biological systems such as plant growth, bacterial colonies, and flocking behaviours, where structure arises through distributed processes rather than centralised design.

When translated into design practice, this understanding reframes making as the orchestration of conditions rather than the imposition of form. Designers working with living systems establish environments that guide material processes, but the resulting forms emerge through the interactions of those systems. Outcomes remain contingent, open-ended, and partially unpredictable. The role of the designer shifts from that of author to facilitator, working alongside material processes rather than controlling them.

This perspective also resonates with Bruno Latour’s Actor-Network Theory, which introduces the concept of the actant to describe both human and non-human participants within networks of interaction (Latour, 2005, p. 65). Within this framework, materials, tools, and biological systems are understood not as passive objects but as entities capable of influencing events. Agency is therefore distributed across a network of relations rather than located solely within the human subject.

Donna Haraway’s concept of sympoiesis, meaning “making-with” (Haraway, 2016, p. 58), further extends this understanding by emphasising that creative processes emerge through collaboration between multiple agents rather than through singular authorship. Unlike autopoietic systems, which are self-contained, sympoietic systems are inherently relational and interdependent. Applied to design practice, this suggests that making with living materials involves co-production between designers, materials, and environmental conditions.

Taken together, these theoretical perspectives fundamentally challenge the assumption that matter is passive or subordinate to human intention, instead positioning materials as active participants in processes of making that influence, resist, and transform outcomes.

Plant root systems provide a particularly clear example of this dynamic. As living biological systems, roots grow and adapt in response to environmental stimuli such as moisture, nutrients, and gravity. Their structure emerges through interactions between internal biological processes and external conditions rather than through direct external control. When incorporated into design practice, root systems therefore function as generative material systems capable of producing complex and unpredictable forms. While designers may guide these processes by establishing conditions, the final outcomes remain co-produced through ongoing interaction between human and non-human agencies.

Through this lens, contemporary design practices engaging living biological materials can be understood as operating through generative systems, in which form emerges through dynamic interactions rather than predetermined design. Rather than treating materials as passive resources, designers engage biological processes as active participants in the production of form. The role of the designer therefore shifts from that of a sole author imposing fixed outcomes to that of a facilitator who establishes the conditions within which material processes unfold. In this context, authorship becomes distributed across human designers, biological materials, and the environments within which these systems develop.

Generative systems provide a useful framework for understanding how form emerges through material interaction. Rather than producing predetermined results, generative systems operate through sets of conditions, rules, or behaviours that give rise to form over time. As Tempel (2017, p. 1) suggests, generative art is produced through systems that function with a degree of autonomy, with the designer establishing parameters rather than directly determining the form that emerges. In the context of living materials, such systems are inherently biological, unfolding through processes of growth, adaptation, and environmental response.

Within generative art practices, artists and designers work with systems that generate form through internal processes rather than direct control. This approach challenges conventional models of authorship within contemporary art and design, as form arises through the interaction of multiple agents rather than a singular creative intention. As Todorovic (2021, p. 1323) argues, generative and bio-art practices frequently engage natural processes as active components in the production of form. From this perspective, design is not the direct creation of form, but the orchestration of a generative system in which form emerges through the interaction of human and non-human agents.

This theoretical framework provides a foundation for examining contemporary design practices that incorporate living systems as generative media. By analysing the work of Diana Scherer and Carole Collet, it becomes possible to explore how these conceptual shifts are realised in practice. Their work demonstrates how biological materials function not merely as resources, but as active participants in processes of making, thereby reconfiguring traditional understandings of authorship, agency, and materiality within design.

The work of Diana Scherer provides a compelling example of how generative systems operate within contemporary bio-design practices. Her project Interwoven explores the capacity of plant root systems to function as active material agents in the production of form. Using digitally fabricated templates, Scherer establishes spatial constraints that guide root growth into structured, textile-like patterns (Zhou et al., 2020, p. 112). Rather than determining the form that emerges, however, these templates act as enabling conditions within which biological processes unfold. Form is therefore not imposed but arises through the interaction between material behaviour and environmental constraint, positioning growth itself as a generative force within the design process.

Central to Scherer’s practice is an understanding of roots as responsive and adaptive systems. Plant roots actively respond to environmental stimuli such as gravity, moisture, and physical obstruction, continuously adjusting their direction and form in relation to their surroundings (Zhou et al., 2020, p. 113). Their development is shaped through internal biological processes, including sensory responses and hormonal regulation, enabling them to navigate complex environments. As a result, the structures produced through Scherer’s work arise through ongoing negotiation between biological behaviour and environmental conditions, rather than through direct authorial control. Material therefore does not simply receive form but actively participates in its generation.

This adaptive behaviour becomes particularly evident in the way roots respond to constraints within the growing environment. When encountering barriers, roots twist, coil, and redirect their growth, producing intricate and often unpredictable structures (Zhou et al., 2020, p. 113). Variables such as water availability and growing medium further shape these outcomes, influencing both the rate and direction of development. Scherer deliberately manipulates these conditions—such as maintaining relatively dry soil to encourage root elongation—in order to influence the process without fully determining its course. The resulting forms therefore emerge through a dynamic balance between human intention and material autonomy.

Through this process, root systems operate as generative material systems, producing forms that cannot be fully predetermined. While the designer establishes the parameters of growth, the resulting structure arises through the autonomous behaviour of the biological material. As Scherer explains, the roots “weave themselves” through their search for nutrients and water, producing outcomes that exceed direct human control (Scherer, 2019, p. 142). As noted by Caston (2020, p. 52), these subtle interventions reveal and redirect otherwise hidden root dynamics, bringing biological processes into the visible domain. The work therefore functions as a form of co-production in which both human and non-human agencies actively contribute to the formation of the artefact.

From a theoretical perspective, Scherer’s practice can be understood through Ingold’s concept of morphogenesis, in which form arises through processes of growth and interaction rather than the execution of a predetermined plan (Ingold, 2013, p. 25). The work also reflects Bennett’s notion of vibrant matter, as the roots demonstrate a form of material agency, actively shaping what emerges through their capacity to respond and adapt (Bennett, 2010, p. vii). Rather than functioning as passive substrates, the roots participate in the production of form as active contributors, challenging the assumption that creative agency resides solely within the human designer.

This redistribution of agency further aligns with Latour’s concept of the actant, in which both human and non-human entities participate within networks of interaction (Latour, 2005, p. 65). In Scherer’s work, the designer, the biological material, and the environmental conditions each operate as actants, collectively shaping the resulting form. Haraway’s notion of sympoiesis, or “making-with,” is similarly evident, as the work emerges through a collaborative process between human intention and biological systems rather than through singular authorship (Haraway, 2016, p. 58). However, while Scherer relinquishes a degree of control, the process remains contingent upon human-designed conditions, suggesting that material agency operates within, rather than entirely beyond, frameworks of human facilitation.

In this sense, Scherer’s practice exemplifies design as the orchestration of a generative system. The designer does not directly produce form but establishes the conditions through which material processes unfold. Form emerges through the interaction of human and non-human agents, and authorship becomes distributed across these relationships. This challenges traditional models of design grounded in control and intentionality, instead proposing a more relational, process-oriented understanding of making in which materials are recognised as active participants in the production of form.

The work of Carole Collet extends the application of generative systems within bio-design into speculative and research-driven contexts. Rather than working directly with grown material in controlled environments, Collet develops design frameworks that explore how biological systems might function as future modes of production. Her projects investigate plant-based manufacturing systems, proposing scenarios in which living organisms generate materials, products, and infrastructures. In projects such as Biolace, plants are positioned as sites of production, suggesting a shift away from industrial manufacture towards systems in which materials are grown through biological processes (Collet, n.d.-a). Design is therefore reframed as the creation of conditions within which living systems operate, rather than the direct production of form.

Central to Collet’s practice is the concept of design as a system rather than an object. Rather than producing fixed artefacts, she constructs speculative models that explore how biological processes such as growth, adaptation, and self-organisation might be harnessed within future design practices. These systems operate through generative principles, in which form is not predetermined but emerges through interaction between biological processes and environmental conditions. Design, in this context, becomes a form of inquiry into how material systems behave and what forms they might produce under particular conditions.

In contrast to Diana Scherer’s materially grounded approach, Collet’s work operates at the level of conceptual and systemic design. While Scherer works directly with root growth as a material process, Collet proposes broader ecological systems in which plants function as distributed sites of production. This shift expands the role of the designer from facilitator of a single material process to orchestrator of complex biological systems, positioning design as an exploration of future relationships between humans, materials, and environments.

Collet’s work can also be situated within broader developments in biodesign, in which design is increasingly understood as a process of co-creation between humans and living organisms. Rather than treating biological materials as passive resources, biodesign practices position them as active participants within the making process, capable of shaping form through their own behaviours and capacities. As Karana et al. (2020, p. 37) argue, this emerging field brings together biology and design to explore alternative modes of production in which living systems act as material agents. Within such frameworks, designers guide growth processes and establish the conditions under which form can emerge, rather than determining it directly. This introduces a degree of unpredictability, as living materials respond dynamically to environmental conditions and internal processes, limiting the extent of human control (Karana et al., 2020, p. 39). Design is therefore repositioned as the orchestration of generative systems rather than the creation of fixed outcomes.

Collet’s work also foregrounds questions of sustainability and ecological responsibility, challenging industrial models of production based on extraction and control. Her projects explore how plants might function as living factories, generating materials through ecological processes rather than resource-intensive manufacturing systems (Collet, n.d.-b). By proposing systems in which materials are grown rather than manufactured, her practice aligns with broader shifts towards ecologically attuned forms of design. Within this context, biological systems are not simply materials but active agents within networks of production, contributing to a reconfiguration of authorship and agency across human and non-human participants.

This position is further reinforced through Collet’s own writing on future bio-materiality, in which she describes a shift from designing with inert materials to working with “animate living entities” such as mycelium, yeast, and bacteria (Collet, 2021, p. 1331). Within this framework, design becomes a process of biofabrication, where materials are grown rather than manufactured, and the designer intervenes by shaping the conditions under which biological systems develop. Collet also proposes a framework that distinguishes between different modes of engaging with nature, including “nature as model,” “nature as co-worker,” and “nature as a hackable system,” highlighting the expanding role of biological systems within design processes (Collet, 2021, p. 1334). This positions generative systems not only as a method of making, but as a means of rethinking future modes of production and material practice.

From a theoretical perspective, Collet’s practice reinforces the concepts explored in the preceding analysis. Like Scherer, her work reflects Ingold’s notion of morphogenesis, in which form emerges through process, as well as Bennett’s concept of vibrant matter, where materials are understood as active participants. However, Collet extends these ideas into speculative design, positioning generative systems not only as a method of making, but as a framework for reimagining the relationship between humans, materials, and the environment. Her work therefore expands the scope of generative systems beyond material experimentation, situating them within broader ecological and cultural contexts.

 The practices examined in this essay demonstrate a significant shift in contemporary design, in which materials are no longer understood as passive resources but as active participants in processes of making. Across both Scherer’s materially grounded work and Collet’s speculative systems, design operates through the establishment of conditions that enable biological processes to unfold. In this context, form is not predetermined but emerges through interaction, positioning generative systems as a key framework for understanding contemporary bio-design practices.
This shift has important implications for authorship. Traditional models of design position the human maker as the primary source of creative agency, responsible for determining both form and outcome. However, when working with living systems, agency becomes distributed across human and non-human actors. As Sarantou et al. (2025, p. 1) suggest, engaging with non-human visuality reframes nature as a site of creative encounter, where meaning and form emerge through interactions with entities whose processes remain partially beyond human comprehension. In such contexts, authorship is no longer singular but relational, emerging through entanglements between designer, material, and environment.

These practices also raise questions around intentionality and control. As Jacobs et al. (2023, p. 52) argue, bio-art occupies a liminal space between art and science, where experimental approaches replace purely functional or outcome-driven design. Within this space, living materials actively shape the development of the work, often producing results that diverge from initial expectations. Rather than being imposed, form is negotiated, and unpredictability becomes an integral aspect of the process. This challenges conventional design methodologies that prioritise precision, control, and repeatability, instead foregrounding openness, contingency, and responsiveness.

The agency of biological materials is particularly evident in the way living systems continue to develop beyond the point of direct human intervention. As Jacobs et al. (2023, p. 61) note, once the artist’s direct involvement ends, biological materials may continue to grow and transform, extending the process of making beyond the temporal limits of human action. This introduces a temporal dimension to authorship, in which the work remains in a state of becoming rather than reaching a fixed or final state. Design, in this sense, becomes an ongoing process rather than a completed act.

This understanding of material agency aligns with broader developments in new materialist thought. As Li et al. (2025, p. 990) argue, agency can be understood as a “dynamism of forces” emerging through interactions between multiple actors, rather than as a property located within individual entities. Within this framework, both human and non-human participants contribute to the formation of outcomes, reinforcing the idea that making is a co-constructed process. These interactions are not always predictable or fully legible, but unfold through embodied, material encounters that shape both process and understanding (Li et al., 2025, p. 1006).

Interdisciplinary research further reinforces this shift towards process-oriented making. In work that integrates textile craft with tissue engineering, materials function as scaffolds that guide biological development, shaping how cells attach, align, and grow within structured environments (Congdon, Di Silvio and Collet, 2020, p. 137). Rather than acting as passive substrates, these materials actively influence biological processes, demonstrating how design can operate through the creation of conditions that enable form to emerge. This convergence of craft and science highlights the role of design as a mediator between systems, facilitating interactions that give rise to new material possibilities.

At the same time, these developments raise important ethical considerations. If materials are understood as active participants rather than passive resources, then the relationship between designer and material becomes one of collaboration rather than control. As Lyndon (2024, p. 12) suggests, recognising the agency of nature encourages more reciprocal and responsible approaches to design, in which human intervention is situated within broader ecological systems. This challenges anthropocentric models of making and calls for a more careful negotiation between human intention and material autonomy.

Taken together, these perspectives suggest that contemporary bio-design practices are not simply expanding the range of materials available to designers, but fundamentally transforming the nature of design itself. By engaging living systems as generative agents, designers move away from models of control and authorship towards practices that are relational, process-driven, and open-ended. In this context, generative systems provide a critical framework for understanding how form emerges through interaction, and how design can operate as the facilitation of material processes rather than the imposition of predetermined outcomes.

Contemporary bio-design practices demonstrate a significant shift away from traditional models of making based on control, authorship, and passive materiality. Through the work of Diana Scherer and Carole Collet, it becomes clear that design increasingly operates through generative systems in which form emerges through interactions between human and non-human agents. In these contexts, materials are not inert substrates but active participants that shape the development of form through processes of growth, adaptation, and response.

This shift fundamentally reconfigures authorship, distributing creative agency across networks of human, material, and environmental forces. Rather than positioning the designer as the sole originator of form, contemporary practices frame design as the orchestration of conditions within which material processes unfold. Making therefore becomes a collaborative and relational process, aligned with theoretical perspectives that emphasise entanglement, sympoiesis, and distributed agency.

Taken together, these developments suggest that contemporary design is moving towards a more process-oriented and ecologically attuned understanding of making. By engaging living systems as generative collaborators, bio-design practices not only challenge established assumptions about creativity and materiality, but also propose new ways of understanding the relationship between humans and the material world. In doing so, they position design as an evolving practice grounded in interaction, responsiveness, and the shared agency of human and non-human systems.
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