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Carlo Emilio Standoli, Daria Casciani, Patrizia Bolzan
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Design processes and pract ice represent the basis of 
theoretical and reflective thinking in its cultural, disciplinary 
and applied (practical) dimension. The phenomenological 
approach characterizes every action of Design: through 
the creation of ar tefacts (tangible and intangible) and 
the analysis of the corresponding design process, a new 
theoretical and critical vision is generated. The current 
post-industrial context has formed the attitude of Design to 
overcome barriers between disciplines. 
Based on the experience gained in the De_FORMA research, 
related to the collaboration and contamination between 
bio-fabrication and Digital Fabrication processes, this paper 
proposes a projective reading of the contribution of Design 
as a holistic discipline in the redefinition of materialisation and 
production processes. Thanks to the use of Digital Fabrication as 
an enabler for the construction of ecosystems for the cultivation 
of Growing Materials, we want to explore the possibility of 
constructing an experimental and flexible production system 
that enables the integration of formal choices, surface /
aesthetic treatments and additional elements, utilizing zero 
waste processes. The De_FORMA project, of which preliminary 
research premises and results are presented, is a framework for 
investigating issues related to the new places of collaborative 
and interdisciplinary knowledge generation, and to the new 
possible dimensions that the multi-faceted designer and the 
project will be able to assume within this recombinatory 
process. The design activity carried out constitutes that 
reflective practice that allows to figure out the possible futures 
for Design Research and Practice.

Design Interstitial practices

[ digital fabrication, growing materials, reflective practice,
constructionist design, learning by doing ]

Constructionist Design
Design, conceived as culture, discipline and profession, has historically been 
characterised by the adoption of a phenomenological approach: the observation, 
modification and analysis of reality, design processes and artefacts, in order to gain 
new knowledge and new meanings (Schön, 1993; Bertola, 2004). Knowledge, therefore, 
derives from a poetic attitude to design practice: through the creation and study of 
tangible and intangible artefacts, a new theoretical and critical vision is generated 
(Floridi, 2020; Bertola, 2004).
The post-industrial context has radically changed the interactions and links between 
actors involved in the design process, especially between designers and industry, 
markets, production processes and products (Maffei, 2011). This change has repre-
sented an opportunity to modify the general mandate of Design, widening its field 
of investigation and application exponentially: Design assumes strategic, political 
and social guidance roles in new domains, and creeps into the interstitial areas of 
the different disciplines. In an interview-dialogue with Obrist, Maldonado (2010) 
reinforces this vision of the research and practice typical of Design, arguing that 
“interdisciplinarity and transdisciplinarity not only respond to an increasingly 
pressing need for cooperation between disciplines, but are also the expression (and 
always have been) of an indeclinable universal vocation for knowledge” (p.11 - trans-
lated into English by the authors). Precisely because of his generalist nature and 
training, the designer must strengthen his role as a mediator between cultures and 
disciplines, assembling and connecting different knowledge - technological, envi-
ronmental, socio-cultural and political - with that of Design, in order to build a new 
one (Caccavale & Quinz, 2020).
By now pervasive and characterized by a multiplicity of areas of knowledge, Design 
can assemble and connect these cultural nodes to create new ones, generate meanings, 
to define directions and design initiatives (Deserti, 2013). A possible disciplinary 
contamination is represented by the blending of the design of forms and functions 
through Digital Fabrication (DF), with the ability to design new processes of bio-fab-
rication of new materials. In this context, the present contribution, starting from the 
experience gained in an empirical research project, proposes a projective reading of 
the contribution of Design as a holistic discipline in the redefinition of materialisation 
and production processes.

Design in the interstices: The Growing Materials
In recent years, there has been a growing interest in bio-fabrication among designers 
and the academic community, namely the process of producing materials (Camere & 
Karana, 2017) and complex objects through the growth of living organisms, thanks 
to the dialogue between the world of Design and that of applied sciences (Antonelli, 
2012; Miodownik, 2007). While designers have always been involved in the process 
of selecting materials (Ashby & Johnson, 2013), today the focus is on the creation of 
experimental materials (Wilkes et al., 2016; Rognoli et al., 2015).

Reasercher, Politecnico di Milano

Reasercher, Politecnico di Milano
Reaserch Fellow, Politecnico di Milano
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We are witnessing the emergence of a new field of investigation in which designers can 
make their own contribution, that of material activism (Ribul & de la Motte, 2016), 
operating through practice-based research in the development of materials and related 
production cycles. In such a framework, characterized by a marked experimental 
nature of Do It Yourself, the designer resembles the role of a modern alchemist, able 
to combine design and material science with know-how, interpreting future needs to 
generate new materials in which sensory characteristics, imperfections and variations 
over time are an integral part of the project.
In response to the increasing interest in experimenting on and with such materials, 
however, there is a lack of the necessary in-depth study to understand their uses, their 
contribution to economic, social or environmental sustainability, and their scalability 
in manufacturing processes and applications.
Precisely the practical dimension of Design becomes central in bridging the gap 
between experimentation and application of the newborn materials. In this sense, the 
anticipated interpretation of future solutions and needs, combined with the ability to 
manage complexity, typical of designers, make this professional figure strategic for 
the development of new virtuous synergies in new application fields. The progressive 
modification of the production processes through the transformation towards digital 
manufacturing and technological integration, today determines a strong impact on 
the production systems and therefore also on the design processes, redefining at the 
same time both the conception and materialisation phases. This also involves a tran-
sition of the organizational models and management roles of manufacturing process 
control systems. Design, intended as culture and practice, is part of the research 
process that anticipates and feeds the theoretical dimension in the generation of 
the necessary knowledge and skills, through the study of the activities and actions 
peculiar to the new profession of the designer.
The research project by De_FORMA is an example of how Design as a discipline and 
the designer as a professional can play a decisive role in the practice of the future. From 
the use of DF as an enabler to the construction of ecosystems for the cultivation of 
Growing Materials (GM), derives an observation and reflection on the possibility of 
building an experimental and flexible production system, to integrate a priori formal 
choices, surface/aesthetic treatments and additional elements. The integration and 
hybridization of bio-fabricated materials with other materials or other DF technol-
ogies and tools, offers an opportunity to reflect on the professional of the future.
Complex ecosystems such as GMs, make it possible to explore production processes 
and systems to integrate, in a holistic approach oriented towards sustainability, a priori 
application and functional choices of material-technical (resistance to atmospheric 
and chemical agents), sensory and intangible characteristics, and formal choices 
(planar or three-dimensional characterization), surface/aesthetic treatments also 
selectively integrated (surface qualities, textures, chromaticity finishes, olfactory char-
acteristics). While GMs are inherently sustainable as renewable and biodegradable 
(Camere & Karana, 2018), a further level of experimentation concerns the integration 

of technological features, meaning circuits, actuator systems (e.g. LED) and sensors 
(e.g. photoresistors or humidity sensors), that can be used to make materials sensitive, 
programmable, dynamic (Cochrane et al., 2011; Choi et al., 2018).
This integration generates materials that are not only originally programmed, but can 
also be reprogrammed during the production process, in order to monitor and convey 
the variations in growth and use, through the management of integrated technology 
behaviour. The integration of technologies within GMs opens up to reflections on 
the compatibility between hardware components and biodynamic materials and on 
the best production strategies to be used in the growth process of the entire system, 
in order to achieve perfect coupling with the material, stable functionality during 
use (e.g. f lexibility, robustness, softness, brightness, washability), and subsequently, 
to encourage the disassembly of components in a sustainable perspective (Morlet, 
2017). It is indeed desirable to address this issue in the preliminary design phases, 
considering the recycle-refurbish-remanufacture cycle, through programmed obso-
lescence for disassembling.
The innovative character of De_FORMA’s research lies in the shift of attention from 
the simple growth of the crop, to its programming and design, depending on possible 
applications. By building a material from the beginning, it is possible to modify the tradi-
tional manufacturing chain, anticipating needs and constraints, which are currently left 
to post-production, and enabling new productive and entrepreneurial paradigms. The 
element of interest in this new approach towards GMs is the choice to use DF’s technolo-
gies not for the rapid prototyping of artefacts or the direct production of digital products 
in limited series, but rather for the production of customizable tools that allow the growth 
of the material itself. DF is used for flexibility, speed and optimisation (Rayna & Striukova, 
2016) within an experimental and applicative production scenario.

The reflective practice: assembling and connecting
The chosen approach is typical of experimental research (Bang & Eriksen, 2014), to 
create a filter for systemic analysis of causal relationships in new ecosystems for GM 
culture. Among the variables that can be observed, analysed and modified, we can 
identify the growth of the material, the manufacturing processes, the selection of 
technology and components, and the consequent ways of integration and interaction 
within the material itself.
This control and monitoring, repeated iteratively, is supported by the application 
of techniques and processes typical of the Design practice, such as the conception 
and realization of tools, aids and prototypes. The following reflective practice plays 
a crucial role in the development of innovative theoretical content (research through 
design & research prototyping).
To formulate replicable standards for the cultivation and growth of GMs and their 
hybridization with other materials and/or sensors, the experimentation phase focuses 
on a series of empirical tests to verify the cultivation processes and to define and 
evaluate possible fields of project application.
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The growing process is then oriented through ad hoc systems and tools, realized 
using DF technologies, to define variables of material and formal characterization, 
with particular attention to the surface (e.g. texture and f lexibility), optical (e.g. 
transparency and colour), and dimensional (e.g. thickness) qualities, and the related 
technical profile. Finally, in the experimentation of the culture processes, time is 
also taken into consideration in order to select the most effective and efficient way, 
also in consideration of a possible hybridization with other materials and sensors. 
This methodological approach not only allows to verify the actual feasibility of some 
intuitions, but also enables new understandings that have not yet been fully explored.
The innovation consists precisely in the possibility of conceiving, producing and 
applying new manufacturing techniques through DF, aimed at shaping biomaterials 
to zero or reduce waste production as much as possible (Chan, 2017; Rissanen & 
Mcquillan, 2016).

The situated collaboration
It is important to point out that the practical and experimental dimension, 
always attributed to Design culture (Schön, 1993), is crucial in verifying appli-
cation scenarios to be applied to future projections of both materialisation and 
processes.  Places play an elective role in conducting this experimental and knowl-
edge validation process, shared through innovative and integrated processes in 
GM’s prototyping. Makerspace and Fab Lab show a particular tendency to accept 
this type of activity. More specifically, De_FORMA has been carried out with the 
instrumental support of some research laboratories of the Department of Design 
in Politecnico di Milano, in which academic and making culture converge. These 
spaces embody the vocation of building, sharing and transferring knowledge, ideas, 
experiences and know-how acquired during collective, interdisciplinary and inter-
national research projects. Places populated by technological equipment, but also by 
passionate people from different disciplines and/or expertise in the same discipline, 
able to apply their direct knowledge with cultural exchange. In De_FORMA there 
is a horizontal and synergic collaboration of heterogeneous competences within the 
same discipline of Design: specialists of self-produced materials and biomaterials, 
DF experts, operators specialized in the fashion, lighting or healthcare sectors coop-
erate for the enhancement, integration and development of knowledge, converging 
on methods, tools, and models.
In this scenario, the design practice should be aimed at a wider integration in the 
internal - but also external - dynamics of the discipline of Design. The development 
of complex materials and products involves complex manufacturing processes that 
are configured through the dialogic exchange between the world of Design, the world 
of applied sciences, engineering and chemistry (Antonelli, 2012; Miodownik, 2007). 
In this sense, it is possible to think that in the future there will be an increasing shift 
from the monodisciplinary focus of Design towards other disciplines, to collaborative 
openness towards shared and interdisciplinary contents and methodologies.

The dimensions of the designer
From the premises and from the evidence that emerged thanks to the project, it is 
possible to evaluate potential effects in the paradigm shift of the interdisciplinary and 
transdisciplinary designer, managing complexity and technique, both in hard and soft 
skills. In detail, some evidence may emerge for the redefinition of the role and skills 
of the designer, in a perspective of updating his or her multiform perception in the 
different professional fields. Design acts as a guide to the entire creative and innova-
tive process, and the designer is no longer seen as the traditional creator of unique 
meanings, forms, functions, products and artefacts, but assumes new significant roles 
in the broadest sense of the term design. Within this recombinatory process, some 
identities of the multiform designer can be traced:
Creative and maker of artefacts or concrete, functional and sustainable applications 
that concretely introduce material and scientific exploration into people’s real lives;
Creative and critical generator of innovative approaches and processes in terms of 
modification of material practice, experimentation of new design processes and ques-
tioning of consolidated production protocols;
Facilitator and coordinator in the systemic design of the biomaterial production, for 
a better understanding of the processes that manage the experimental complexity 
and for the application effects in various product contexts;
Intradisciplinary and interdisciplinary facilitator, to establish a fruitful dialogue 
of understanding and cultural mediation between different sectors and discipli-
nary domains;
Storyteller and disseminator, able to communicate the design process and the results 
obtained to an audience ranging from researchers to makers, from experts to the general 
public, using ad hoc linguistic registers to allow fruition in line with different audiences.
These skills are already recognisable in contemporary designers, but it is also true 
that these are not the main qualities used to describe the professional profile of the 
designer. The question that may arise is if there is an exhaustive definition of the 
possible skills of the professional of the present and future in the short and medi-
um-term. This is not intended to argue that basic training should be called into 
question, but rather to rework how knowledge and skills are learned, used and experi-
enced. It is hoped that in the future, by breaking down the concept of vertical, passive 
and imitative reception of information, new pedagogical approaches to knowledge 
will be implemented to make a paradigm shift possible, in order to elaborate and 
adopt a new conceptualisation of processes/products.
The next generation of designers will have to be challenged towards new proactive 
and critical forms of research of information and therefore of knowledge, open to 
new design and intellectual practices, among disciplines. Designers will have to over-
come the limits of their own language and learn new ones; an approach with which 
nodes of meaning can be read, interpreted and connected, to attribute a new value 
of meaning. As new possible nodes are inserted or created, bridges are built for the 
future, all to be invented.
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Participants in the De_FORMA research project, funded within the Farb and Mini-
Farb calls by the Department of Design of Politecnico di Milano, are: Patrizia Bolzan 
(coordinator), Daria Casciani, Erminia D’Itria, Flavia Papile, Stefano Parisi, Barbara 
Pollini and Carlo Emilio Standoli.
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Rethinking FRAKTA – Bio-Fold, Katya Bryksina e Tomás Clavijo, 2020.
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«Thinkering is the red thread that allows us to read disruptive events of 
superfine creativity through history, achieved through progressive collective 
refinements». This way, Paola Antonelli defines a movement cuts across 
contemporary society, which takes advantage of the «possibility of interacting 
with a network of knowledge, tools and communities of interest» to create a 
practice of doing virtually, digitally, physically and socially enhanced.
Portmanteau of the terms “thinking” and “tinkering” (messing, experimen-
ting) it is a concept that crosses the emerging creative communities, the 
forms of digital-driven production, the bottom-up co-production, traditional 
do-it-yourself and the open-source paradigms, serving as a starting point to 
rethink the practice of design for the XXIst century.
In this context, the most courageous and curious creatives abandon the 
conventional frontiers and definitions of research, production and intellectual 
property to create a new creative ecosystem of experimentation and pluralism 
in which design production becomes widespread and fluid. It places itself as 
a model of reference for change, able to synthesize broad visions of scenario, 
practical experimentation and collective refinements in physical or virtual 
places – where different actors, disciplines, methods, languages, techniques 
come together – and to offer integrated, finished and punctual solutions to 
the issues of contemporary living, dealing with their irreducible complexity 
with sustainability.
The gallery aims to explore the eclectic production ways that arise from the 
dynamism of these phenomena, giving voice to a design that gives rise to 
collective processes rather than products and new forms of constructive inte-
raction not only between people with other people but also between people, 
new technologies and the same matter. Consumers are no longer the endpoint 
of the process, but an integral part of it, they transform and benefit from 
adaptive evolutionary systems rather than artifacts. Applied to research, the 
new approach reevaluates experimentation itself as a cross-disciplinary ground 
for acquiring new knowledge, exploring the new, prefiguring the future. The 
results are complex scenarios and solutions, often with substantial social value, 
very close to the issues of public utility, such as equity, well-being and health.
So, in an approach that lies between the “disappearance” of the object and a 
“spectacularization” of the process, the applied dimension of design expresses 
itself as a sort of activism, which reveals and questions the new ways of desi-
gning, free from industrial constraints of the past and closer to reality.

[ me, you, nous; human, machine, matter; consumer, producer, 
prosumer; criticism, complexity, change; research, innovation, 

future; introspection, extroversion, activism ]

Thinking, Tinkering, Thinkering
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Dot One, Iona Inglesby, 2015. The project, now a company, aims to convert data from DNA into graphic 
languages and patterns, then reproduced in hand-made fabrics. The data collected is valuable information for 
research in genetics, while a legible and tangible language helps the community to understand science and its 
importance, to feel like an active part of the process, but at the same time to “claim” its own identity, defined 
from custom patterns. 

01 02 DNA analysis starts from a saliva sample, then to each component (ATCG) is assigned a color and a 
percentage and to each combination of them a graphic pattern. 
03 04 The places of production, from the classic workshops with chassis to the scientific laboratory, where 
some activities are also held to fully involve people. 
05 The final products can be scarves, sweaters, bags, rugs, of which the consumer can choose their color 
combination.

Me, You, Nous 
> 
The spread of digital networks and the open-source paradigm shifted the focus of design 
practice to production processes with a high level of experimentation and pluralism, in which 
the convergence of knowledge, languages, between producer and consumer, between tradition 
and innovation, thus as between research and the community, creates creative universes and 
symbiotic exchange activities able to steer change according to a collective growth logic.
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01 Solar Sinter 3D Printer, Markus Kayser, 2011. A new type of 3D printer designed and created by the designer 
to sinter the desert sand through sunlight, guided and pointed through Fresnel lenses, and transformed into 
glass artifacts.
02 Terraform furniture, Gavin Keightley, 2019. Furnishing elements whose shape and surface finish are given 
by the use of sustainable molds, made with food waste combined and reacted, to create new aesthetics and 
expressiveness.
03 04 Sketch Furniture, Front Design, 2005. Taking up the light painting technique, the products are made 
from sketches freely drawn with light in space, then captured by a camera and transformed into a 3D model 
for printing.
05 Terra Cotta, Talia Mukmel, 2011. Unpredictable organic shapes given by a mixture of sand and flour cooked 
at high temperatures.

Human, Machine, Matter
> 
Changing cultural and technical conditions allow us to interact, exchange information, cooperate, 
design and produce not only with people but also with other entities, equally responsive, often 
autonomous and evolving, such as digital technologies and the same matter. The open-source 
culture that is emerging extends its boundaries to unprecedented collaborations that push designers 
to explore new channels of contamination and production of ideas.
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01 Amateur workshop, Jerszy Seymour, 2010. Exhibition in which the author put some pieces of wood and a 
special polycaprolactone wax in front of visitors, stimulating their creativity and leaving the production of the 
final masterpiece in their hands.
02 LEGO Liquid Handler, Stanford University, 2017. DIY robotics kit, to give young students of STEM disciplines 
the opportunity to create by themselves a tool for automating biological experiments. The structure is entirely 
made with the famous LEGO bricks.  
03 04 Grow Your Own Couture, Piero D’angelo, 2018. DIY fashion kit, for making lichen-covered garments, 
which thanks to their ability to absorb pollutants and metabolize them into less harmful compounds, make the 
DIY bio-garments simple to make but also useful to protect the wearer from the harmful air around them.

Consumer, Producer, Prosumer
> 
In the past, reaching the consumer with a finished product meant reaching the 
end of the design process, but today it is the production process that is codified 
and communicated in the form of instructions to be implemented independently. 
The consumer becomes an active part of the design and generative process of the 
artifacts: the products are incompletely received by him, as semi-finished products 
to be implemented and completed according to free and personalized choices.
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Precious Plastic, Dave Hakkens, 2013-now. Open hardware project for plastic recycling. The author has 
designed several machines that can be made autonomously following the instructions, but also implemented 
by anyone. Acting through digital networks, Precious Plastic has become a real global community and has 
stimulated the opening of several laboratories worldwide, where plastic is collected, melted and transformed. 
The goal is to maximize the recycling of plastic, but also to favor local economies.

01 David Hakkens, Dutch designer, who uses one of his open hardware machines. 
02 03 The places of production are widespread, independent but united by the network, towards a common 
attitude to sustainable change. 
04 The possible end products are potentially infinite, in fact the machinery can melt the plastic and transform 
it in different ways (filament, sheets, shavings, different semi-finished products ...) and each creative reality 
belonging to the community creates its own projects and sell them online.

Criticism, Complexity, Change
> 
Design becomes a useful tool to deal with critical issues, social, political, cultural 
and environmental problems; even to assume proactive or activist roles, which 
pursue their goals thanks to the degrees of freedom given by the network and 
new technologies. Communicative, demonstrative, cognitive, as well as pragmatic 
purposes, to provide concrete answers to the management of complexity and make 
attractive and desirable to all a constructive and regenerative vision of the future.
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01 02 03 Symbiosis, Jelte van Abbema, 2009. In response to the pollution and the vast resources consumption 
caused by the advertising printing industry, the Dutch designer is experimenting with a way to “grow” letters, 
thanks to the use of bacteria that produce ink. Their growth is monitored through nutrients to obtain a 
typeface that changes color and configuration over time until it disappears. For this reason, the author imagines 
future “living” billboards in which bacteria will grow and create messages.
04 05 The room of change, Giorgia Lupi, XXII Triennale di Milano, 2019. From Big Data to a large infographic 
that shows how multiple aspects of our environment have changed in the past, are changing now and will 
change in the future. By combining different sources and disciplines, the project intends to describe the world 
both from a global perspective and from a local and individual point of view, stratifying dense and granular 
information that highlights how widespread the changes are at every scale.

Research, Innovation, Future
> 
The changes that affect society, the project and the economy are also changing 
scientific research. The experimental component of design becomes a place of 
convergence and investigation, in which different figures overcome sectoral 
boundaries and hybridize towards more complex and fluid permutations. The 
practice of doing, therefore, becomes a vehicle for new knowledge and a starting 
point for prefiguring visions of scenario projected to the future.
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01 Design Museum Dharavi, Jorge Mañes Rubio & Amanda Pinatih, 2016. Traveling showcase that exhibits 
the intensely creative and craft tradition of Dharavi, a crowded and lively district of Mumbai. Used as a tool to 
promote local change, the project highlights the ability of the locals to adapt and reinvent themselves daily.
02 03 Breathing Colour, Hella Jongerius, London Design Museum 2017. Exhibition where phenomenological 
studies, practical experiences, design stories and ideas behind the most important works of the designer on 
color are shown.
04 Everything but the end product, Design Academy Eindhoven, 2016. During Milan Design Week, a group 
of graduates from the Eindhoven Academy wanted to exhibit only semi-finished products deriving from their 
research and experimentation on materials, in response to the vast amount of products on display.

Introspection, Extroversion, Activism
> 
Innovation overcomes the simple dualities of the past of form-function, objectives-
means, needs-desires, but it is the result of a multidimensional research process, made 
up of phases and interactions, of models, ideas, visions and “productive messes”, trial 
and error; of a series of relationships through which design reveals and questions the 
new ways of the project. Introspection and openness towards the outside combine 
themselves for a sort of collective redefinition of the discipline and its role.
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