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ABSTRACT ARTICLE HISTORY

The objective of this work is to support co-creation of novel ideas in Received 22 November 2021
biodesign during fast-paced and facilitated workshops. We created Accepted 17 October 2022
a card-based tool which simultaneously provides knowledge on KEYWORDS

both ‘science’ and ‘context’. The tool was used to trigger and inspire Interdisciplinary design;
collaborative ideation in two biodesign workshops in which parti- design tool; biodesign;
cipants from scientific and design backgrounds produced ideas for creativity; innovation
healthcare-related innovations. To understand the perception of

the tool and the mechanism of scientific knowledge integration in

ideation, we conducted post-workshop interviews with 10 partici-

pants. Our qualitative analysis shows that the exposure to contex-

tualised scientific knowledge provided by the tool enabled

participants to generate ideas that cover a wide spectrum from

the micro-scale of bioscience to the macro-scale of socio-political

contexts, and thus supported the acceleration of ideation in biode-

sign workshops.

1. Introduction: interdisciplinary biodesign

Interactions and collaborations between different disciplines are growing increas-
ingly, paving ways to new interdisciplinary industrial paradigms and biological
production (Ginsberg and Chieza 2018). Entangling two or more disciplines is the
essence of new knowledge and precondition of innovation (Dorst 2018; Oxman
2016). The paradigm shift towards more sustainable futures highlights the role of
bio-sciences in creation of novel and useful technologies (Future Today Institute
2020). In the UK, the bioeconomy is estimated to double within 10-15 years
(Department for Business Energy & Industrial Strategy 2018). Bioeconomy refers
to all economic activity derived from bio-based products and processes which
contribute to sustainable and resource-efficient solutions to the challenges humans
face in food, chemicals, materials, energy production, health and environmental
protection. For example, synthetic biology is expected to be at the forefront of
such developments, illustrated by proliferation of hundreds of companies that
produce chemicals, drugs, proteins, probiotics, sensors, fertilisers, textiles and food
through application of engineering principles to organisms (Meng and Ellis 2020).
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2. Research objective

While interdisciplinary ideation across design and engineering is well supported by
creativity support tools (CSTs) — for example, the TechCards (Ocnarescu et al. 2011),
there is lack of tools and best practices for practitioners wanting to work with knowledge
from biosciences, such as in the field of biodesign. This research aims at bridging this gap.

More specifically, the goal of this research is to explore how biodesign ideation can be
supported in short-term collaborations and in the early stages of projects such as work-
shops and hackathons. We explore how biodesigners use novel bio-scientific knowledge
to generate innovative ideas in a series of interdisciplinary co-creative ideation work-
shops. Our assumption is that ideation tools can support the process and facilitate
collaboration.

3. Theoretical foundation

3.1. Emerging interdisciplinary knowledge spaces in biodesign (bridging science
and design)

Biodesign is an emerging interdisciplinary paradigm crossing biology with design (Collet
2020). Biodesign is not a single method, but a methodology with many possible
approaches (Gough et al. 2021) that combine interdisciplinary knowledge spaces.
Interdisciplinarity offers several advantages such as dealing better with complexity and
fostering creativity. Interdisciplinary projects are likely to be impactful and address larger
sets of societal needs (Kddridinen and Tervinen 2017). Interdisciplinary approaches
provide novel insights about connections between technology and society but also
envision new avenues in R&D (Agapakis 2014). Novel interdisciplinary entanglements
in science and design fundamentally advance both domains (Ito 2016).

When designers and scientists collaborate from early phases of a project, designers can
challenge research direction and future applications (Driver, Peralta, and Moultrie 2011;
Benony and Maudet 2020), which goes beyond the popular understanding suggesting
designers are most impactful at supporting scientists with communication. Instead, the
role of design knowledge in interdisciplinary collaboration is multifaceted, ranging from
being a catalyst for research (Sawa 2016) to stimulating creation of new knowledge
through artefact generation (Driver, Peralta, and Moultrie 2011). This suggests there is
untapped potential in entangling bio-science and design, particularly from early stages of
research or ideation (Simons, Gupta, and Buchanan 2011). The challenge in unlocking
this potential is caused by boundaries between practices and lack of mutual under-
standing (Bucciarelli 2003). Events such as the annual Design with the Living symposium
at the Design Museum in London (4-5 November 2021) and Croiser arts, design et
sciences pour enseigner autrement? - Intersecting Arts, Design and Science towards
innovation in higher education - symposium at the Pompidou Centre in Paris (12—
13 November 2021) highlight the growing prevalence of interdisciplinary biodesign and
its democratisation.

Examples of interdisciplinary approaches in biodesign that entangle science and
design illustrate the potentialities of a bio-based future. The development of Material
Driven Design method addresses technical properties of novel materials and user percep-
tion (Karana et al. 2015). The CHEMARTS project has produced a series of innovative
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material demonstrators, which are results from cross-pollination of design and scientific
research (Kédridinen et al. 2020). At the intersection of synthetic biology and design,
provocative and infamous projects speculate the future of science and design entangle-
ment (Calvert and Schyfter 2017) (see also Ginsberg et al. 2014; Dunne and Raby 2013).
Advancements in design processes for bio-inspired smart building systems (Park and
Bechthold 2013) and establishing livingness as a material quality in design (Karana,
Barati, and Giaccardi 2020) are some of the examples.

Practitioners in biodesign (domain based on science and design entanglements) are
influenced by their disciplinary expertise which imposes asymmetric roles (Benony and
Maudet 2020). Strategic tools and facilitation methods could probe the interaction
dynamics, challenge role asymmetry and leverage outcomes. Tools have the potential
to facilitate desired interactions through a process of ideation. A characteristic for
emerging domains is lack of pre-existing tools (Peters, Loke, and Ahmadpour 2020),
which is critical because tools play a key part in ideation, particularly at the fuzzy-front
end of innovation (Inie and Dalsgaard 2017).

3.2. Challenges in interdisciplinary idea generation

A challenge with interdisciplinarity is its complexity and lack of established best practices
that would be applicable across different contexts (Groth et al. 2019). Figure 1 illustrates
the locus of this research by summarising an overview of disciplinary dimensions (Zeigler
1990; Groth et al. 2019) and clarifies our terminology.

A pivotal challenge in interdisciplinarity is misunderstanding. Misunderstandings in
collaborative idea generation in biodesign originate from specialist language, but also
from seemingly shared terminology that has different meaning in different contexts
(Agapakis 2014). Similarly, lack of shared formal language leads to communication
difficulties (Driver, Peralta, and Moultrie 2011; Rust 2007). Therefore, we assume that
interdisciplinary biodesign ideation relies on effective tools and translation of core
knowledge, ultimately leading to shared understanding (Kleinsmann and Valkenburg
2008), which supports creative idea generation.

A prevalent strategy to eliminate barriers related to terminology in bioscience and
design collaboration is longevity. Long-term projects have a tendency to eliminate
discipline-specific language barriers (Groth et al. 2020; Sawa 2016). When practitioners

Study focus

!—‘—\
OQ
OH 000

INTRADISCIPLINARY «— MULTIDISCIPLINARY <—> CROSSDISCIPLINARY «—» INTERDISCIPLINARY <—> TRANSDISCIPLINARY

Figure 1. Disciplinary interactions (each circle represents a discipline) and study focus. Derived from
Zeigler’s original drawing.



4 S. VALK ET AL.

from widely diverse backgrounds collaborate, the nature of co-doing is likely to induce
learning and shared understanding (Kurtzberg and Amabile 2001), also explained with
the concept of tacit knowledge sharing, which occurs naturally in long-term dialogues
(Nonaka and Takeuchi 1995; Lave and Wenger 1991; Schindler 2015; Polanyi 1975).
Well-defined and mutually understood goals in interdisciplinary projects can eliminate
barriers (Kdiridinen and Tervinen 2017).

For short-term collaborations that aim at generating novel and useful ideas there is
a lack of validated ideation tools and methods. Time sensitive workshop-based practices
are affected by constraints, which may be alleviated by tools and methods that enable
creative idea generation within boundaries of fast-paced environments. An example is
research with Biocards, which found that higher levels of abstraction on scientific
principles support bio-inspired ideation (Lenau et al. 2015).

Design tools could address some of the challenges in biodesign ideation, since they
allow thinking through making - an exploration in which the practitioner ‘plays around’
with materials without knowing what will come out of it (Peters, Loke, and Ahmadpour
2020). Guided explorations facilitate ‘thinking through making’ in co-design and parti-
cipatory design (Sanders and Stappers 2013). Tools can also be ‘instruments of inquiry’ in
the creative design process, enabling perception, conception, externalisation, knowing-
through-action, and mediation (Dalsgaard 2017); they can catalyse interactions, build
relationships and enable diverse communities to innovate creatively by allowing framing
of problems from multiple perspectives (Freach n.d.). Co-design tools can also be used to
leverage communication about the intended experiences associated with living materials
by providing a shared vocabulary (Ertiirkan, Karana, and Mugge 2022). Narrative
building in design can be an effective way for mediating collaborative activities
(Dindler and Iversen 2007). Narrative theory and its use in design is well documented
(Forlizzi and Ford 2000; Lloyd 2000), but lacks coherent definitions. However its
common ingredients have been identified: chronological representation of events that
involves characters and their agency (Grimaldi, Fokkinga, and Ocnarescu 2013).

3.3. Ideation cards supporting collaboration

Ideation cards provide inspirational materials (Haritaipan, Saijo, and Mougenot 2019),
guide the process of ideation and negotiation (Halskov and Dalsgaard 2007) and incite
co-discovery (Brandt, Messeter, and Binder 2008). Cards are tangible ‘idea containers’
that trigger creativity and facilitate collaboration (Aarts et al. 2020; Lucero, Halskov, and
Buur 2016). They are useful for facilitating knowledge transfer from theory to practice
(Tahir and Wang 2020). The format is popular because cards are easy to use, interpret
and apply, evaluate, and redesign. Cards act as boundary objects-in-use by enabling
knowledge sharing (Melville-Richards et al. 2020; Star and Griesemer 1989).

Ideation cards can impose unwanted effects as external stimuli, which may lead to
fixation (Vasconcelos and Crilly 2016; Crilly and Cardoso 2017). Combining sources of
inspiration in ideation can reduce fixation (Halskov and Dalsgard 2006) and provide
process (Mora, Gianni, and Divitini 2017). Emergence of narratives (Dindler and Iversen
2007) through combination of inspiration sources and reflection (Schén 1991) may also
alleviate fixation. Diversity and domain specificity of card contents are critical for their
use. The KCC (Krebs Cycle of Creativity) proposes that creative transitions (Table 1)
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Table 1. Transitions between domains in KCC (Oxman 2016).

Domain What the discipline produces Used by
Science Knowledge Engineers
Engineering Utility Designers
Design Behaviours Artists

Art New perceptions of the world Scientists

(granting access to new information and inspiring new scientific inquiry)

depend on an interdisciplinary perspective by showing how disciplines (science, engi-
neering, design, art) are interrelated (Oxman 2016). It provides a cartographic overview
that implies the importance of communicating and utilising discipline-specific knowl-
edge in interdisciplinary co-creation. Consequently, the contents of interdisciplinary
ideation cards should aim at communicating diverse knowledge representing the four
domains.

4. Literature summary and positioning of the study

The field of biodesign is rich in different terminologies and definitions, oftentimes
described by overlapping and diverging constructs resulting in ill-defined boundaries
of the field (Gough et al. 2021), suggesting that biodesign is inherently interdisciplinary.
To better navigate the landscape of biodesign, which is often associated with terms such
as biomimetics, bio-inspired design, bioscience-based design and biophilic design, we
adapt a position that distinguishes between two main constructs which we base on
existing literature. Firstly, design that is inspired by biology and secondly, design with
biology (Table 2).

Example projects that embrace the entangled nature of design with biology include the
Dynamic Robotic Fibres collaboration bridging HCI with design and materials science
and CMD - a set of artificial ecosystems that share access to light based on their oxygen
production (Figure 2).

The table illustrates the positioning of this study by showing a way to view biodesign
as a landscape, instead of abiding by one predefined definition of biodesign. We position
the paper within the area of biodesign that aims to design with biology. The two

Figure 2. Dynamic Robotic Fibers by Amy Winters (left), CMD by Michael Sedbon and collaborators
(right).
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Table 2. Approaches in biodesign and their characteristics.

Biodesign
Design inspired by biology Design with biology
Scope Intradisciplinary, multidisciplinary (Vincent Interdisciplinary, transdisciplinary (Valk and
2009) Mougenot 2020)
Process Knowledge adapting and transferring (Vincent  Knowledge integrating (Maudet, Asada, and
2009) Pennington 2020; Myers 2018)
Aim Analogy-seeking (Yargin, Firth, and Crilly 2018) Entanglement-seeking (Ramirez Figueroa 2018)
Aim Stimulate creativity (Esat and Ahmed-Kristensen Implement the living (Agapakis 2014; Ginsberg and
2018) Chieza 2018)
Approach Problem solving (Lenau et al. 2015), addressing Problem finding (Driver, Peralta, and Moultrie
tame problems (Gough et al. 2021) 2011), sensemaking (Haidamous 2017; Sanders
and Stappers 2014)
Focus Engineering mechanics (Keshwani et al. 2013),  Symbiosis, diverse knowledge (Oxman 2016)
form-giving, styling (Myers 2018)
Scale/ Human (Barati, Karana, and Hekkert 2019; Alternative to human (Wakkary 2021; Ito 2016;
perspective Gough et al. 2021; Sayuti, Montana-Hoyos, Metcalfe 2015)
and Bonollo 2015)
Subject Inanimate matter (Collet 2020) Animate living matter (Collet 2020)
Tools/ Individual (Lenau et al. 2015) Collaborative, fast paced and facilitated - focus of this
approaches Time consuming and incidental ‘Treasure paper
for ideation Hunting’ (Maudet, Asada, and Pennington
2020)

approaches can both be applied simultaneously or sequentially; and they can be com-
plementarity, but require different approaches, mindsets, and knowledge spaces.

The interdisciplinary approach of design with biology is underexplored in design
research, albeit being capable for addressing open ended societal issues (Kdiridinen
and Tervinen 2017), however, tools such as Biocards exist in design inspired by biology.
Interdisciplinarity can address complex problems, however boundaries between practices
and knowledge spaces pose challenges (Bucciarelli 2003) particularly in collaborations.

There are encouraging approaches in interdisciplinary biodesign. For example, resi-
dences where designers immerse in lab environments (Sawa 2016; Chieza 2018). The
limitation of such approach is that it is time consuming. Similar approaches have been
studied by looking at how industrial designers and scientific researchers can contribute to
each other’s work (Driver, Peralta, and Moultrie 2011) and investigating how experiential
knowledge exchange (Nimkulrat et al. 2020) can facilitate research on new materials
(Groth et al. 2019). Hands on activities in shared space have been found to support
collaborative knowledge spaces across the sciences and creative practices (Groth et al.
2020). There are limited tools and approaches available to support interdisciplinary
biodesign. Treasure hunting provides one collaborative approach and suggests that
developing strategies for scientific knowledge representation for design is critical in
interdisciplinary collaborative ideation (Maudet, Asada, and Pennington 2020).
Collaborative fast paced and highly facilitated tools and methods are currently under-
explored in the literature.

4.1. Research scope

Unlike existing interdisciplinary biodesign approaches that require a substantial com-
mitment in time - such as residence (Sawa 2016; Chieza 2018) or treasure-hunting
(Maudet, Asada, and Pennington 2020) - our approach is to focus on short and early
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Table 3. Overview of the proposed ‘designing with biology’ ideation.

Proposed format Function
Approach Workshop/ Collaborative, fast paced and facilitated ideation (Flus and Hurst 2021)
hackathon
Tool Ideation cards Supporting creativity and collaboration (Aarts et al. 2020; Lucero, Halskov, and Buur
2016)

phase collaborations - such as workshops and hackathons. This approach has been
found to embody characteristics of divergent and convergent design (Flus and Hurst
2021), therefore it can be generalisable for the broader field. We assume that successful
early stage biodesign ideation can incite extensive projects and create large scale
impact.

The literature demonstrates it is unclear how collaborative biodesign ideation can
be supported, hence our research questions: How to support collaborative ideation
in biodesign workshops? How can scientific knowledge be accessed and under-
stood by biodesign workshop participants? Our hypothesis is that introducing
novel bio-scientific knowledge in ideation workshops can be effective if practitioners
are provided with a combination of specific and generalisable knowledge about
science.

5. Methodology

This research uses a case study that develops a set of novel ideation cards to explore
support mechanisms for biodesign ideation in workshops. The proposed approach is
outlined in Table 3.

Our case study consists of three phases: (1) developing an ideation tool (cards) for
biodesign workshops, (2) running a series of workshops with the cards and (3) conduct-
ing interviews with workshop participants. While the cards are mainly intended to
support ideation during the workshops, they are also used to elicit participants’ reflection
in post-workshop interviews.

5.1. Development of ideation cards for biodesign

While cards for general ideation aim at supporting collaboration, we developed ideation
cards that aim at overcoming the specific challenges associated with the interdisciplinar-
ity of ‘designing with biology’, i.e. interdisciplinary knowledge integration and narrative
building. To that end, we developed two sets of cards — science cards and context cards, as
described in Table 4.

The card layout for the science cards is inspired by TechCards (Ocnarescu et al. 2011),
showing general information as well as detailed information (Figure 3). The cards
(Figure 4) were developed collaboratively with experts in synthetic biology and bioengi-
neering by discussing discipline specific literature (Villalba et al. 2021). We selected
synthetic biology and bioengineering as both fit under the biosciences umbrella term. The
criteria for identifying and synthesising contents targeted four key qualities described in
the KCC (Table 1).
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Table 4. Overview of the proposed content for the ideation cards.

Name Science cards Context cards

Function Interdisciplinary knowledge sharing Narrative building

Operationalisation  Facilitating the transition from scientific Facilitating the emergence of a narrative which
knowledge to broader social context through  connects scientific knowledge with a societal
the 4 levels of KCC model goal (sustainable development goal)

(based on Oxman 2016)
Operationalisation 4 levels of operationalisation about the Context (summary and visual representation of
structure bioscientific method: knowledge (what is it?), goal)

utility (what can it be used for?), behaviour
(how can it be used?), perception/context
(example case)

Topics Synthetic Biology & Bioengineering (CRISPR, United Nations Sustainable Development Goals
Biosensors for Disease and Pollution (Health & wellbeing, affordable & clean energy,
prevention, Probiotics, DNA isolation, clean water & sanitation, industry, innovation
Fermentation, Genetic Engineering, Cell-free and infrastructure, reduced inequalities,
Systems; 3D/4D printing, Cellular agriculture, sustainable cities & communities, responsible

Organ on a chip, 3D/4D imaging, Biomimetic consumption/production, climate action, no
engineering, Synthetic morphology, Biological ~  poverty, zero hunger, quality education,

priming, Bio-architecture) gender equality, decent work, life below water,
life on land, peace & justice, partnerships)
Number of cards 16 17
Title of the scientific 1
method or concept
Definition and description of | GENERAL
the method or concept INFORMATION
example :
Image(s) of the example
where the scientific method
or concept has been applied
in a real life context
| DETAILED
INFORMATION
Summary of the example’s
function, capabilities and
usefulness

Link to a source
document or file

Figure 3. Science card layout.

We integrate UN SDGs (United Nations Sustainable Development Goals) in a card
format so that they can be combined with science cards (Figure 5). The purpose of the
context card is to allow collaborators to build a narrative based on predefined building
blocks.



CODESIGN (&) 9

CRISPR - CASS INOUSTRY, INNOVATION & INFRASTRUCTURE

Inclusive and sustainable industrialisation,
plus innovation and infrastructure, can
unleash dynamic and competitive economic
forces that generate employment and income.
They piay & key role in introducing and pro-
moting new technologies. The world still has a

- gene editing involving precise cutting and

long way to go to fully tap this potential.

CARD WITH
Utility t— SCIENTIFIC | CARDWITH
KNOWLEDGE UN SDG
Behaviour
Scale
- ds of beer brewers and iy IMUSTEA IR
hiBrce o mately lead to new taste sﬁ'§1§ﬁg Rl
DEVELOPMENT
GOALS &

Figure 4. Example cards (left: science card; right: context card).

Based on the example in Figure 4 the KCC operationalisation structure on science
cards is: CRISPR allows gene editing/correction (utility, scale), which can be used to
improve malt for new taste experiences (behaviour and perception).

5.2. Case selection

We organised two online workshops in 2020, where participants and organisers used
conventional tools such as video calls, group chat, file sharing, and virtual white boards
(Figure 6).

Participants were post-graduate students in design (innovation design engineering) at
Imperial College London/Royal College of Art and bioengineering at Imperial College
London who were randomly assigned to groups of 24 people for the ideation workshop.
Their courses involve interactions between students from diverse backgrounds and
previous training in engineering, science, social sciences and arts. The motivation for
selection is the interdisciplinary profile of participants and their interest in biodesign.

One workshop was in synthetic biology (2 h), the other one in bioengineering (5 h),
both topics covering distinct areas of knowledge that can be used for designing with the
living. In both workshops, participants tackled a general brief of generating novel and
useful ideas for future of healthcare. Healthcare was chosen because participants from all
disciplines can relate to it and UN SDGs are either directly or indirectly related to health
and well-being.

Science cards and the context cards were provided in a virtual white board.
Participants were asked to select one card from each category (see Figure 5) and use
them simultaneously as references in idea generation.

In a given time frame, participants were asked to produce novel ideas related to the
brief and to post descriptions of their ideas, sketches, and annotations in the virtual white
board (see Figure 6).
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UN SUSTAINABLE
DEVELOPMENT
GOAL CARDS

<«
SCIENCE CARDS o

SELECT ONE CARD
FROM EACH CATEGORY

v

——

UN SUSTAINABLE
SCIENCE CARD DEVELOPMENT
GOAL CARDS
Opportunity Goal

I
STARTING POINT FOR IDEATION

Figure 5. Card selection process in workshops.

5.3. Data collection

5.3.1. Post workshop interviews

The objective of the interviews was to gain an understanding of the biodesigners’
(Table 5) perception on the use of cards and knowledge acquisition during the colla-
borative biodesign ideation workshops (Yargin, Firth, and Crilly 2018). We conducted
semi-structured interviews (duration: 40-60 min) with questions that addressed the
participant perception about the tools and the ability thereof to support ideation, clarity,
understandability and relatability of bioscientific knowledge for ideation and value of
generating biodesign ideas in the context of UN SDGs. Clarity, understandability and
relatability are connected to design principles of CST, such as low thresholds, high ceilings,
wide walls (Shneiderman et al. 2006). Interviewees were asked questions in the context of
collaboration using Design and Science cards. Ten participants from various back-
grounds (Table 5) were interviewed. They were selected from the pool of participants
who engaged with the workshop from start to finish and who volunteered to be
interviewed.

5.4. Data analysis

The content of the interviews was analysed through directed qualitative content analysis —
an approach established for validating and extending existing theoretical frameworks
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—_ = ALL CARDS CARD SELECTION (NARRATIVE) SKETCHES, WRITTEN DESCRIPTIONS,
E—— COMPUTER GENERATED IMAGES ETC.

Figure 6. Schematic view of workshop setup as screenshot.

Table 5. Overview of 10 biodesigners participating in the study.

Participant Naming scheme Background Level of expertise

1 SD-1 Materials science and engineering MSc + MA

2 SD-2 Industrial design MSc + MA

3 SD-3 Design engineering MSc + MA

4 SD-4 Design MSc + MA & MA obtained
5 SD-5 (Bio)Science MSc + MA & PhD obtained
6 BE-1 Chemical engineering, biotechnology PhD

7 BE-2 Bioengineering BSc

8 BE-3 Biochemistry MSc

9 BE-4 Biophysics PhD

10 BE-5 Bioengineering PhD

(Hsieh and Shannon 2005). The directed approach to content analysis enabled to
determine preliminary coding scheme and relationships between codes.

Two researchers coded the data. Our analysis consisted of (1) transcribing the
interviews and (2) highlighting relevant sections and then coding based on predeter-
mined open ended interview questions. We followed the coding scheme described by
Stompff, Smulders, and Henze (2016) and proposed by Valkenburg (2000). Interview
data was divided into 305 segments of which 20% (N = 61) were selected randomly for
assessing the inter-rater agreement score. Segments were coded into four categories:
knowledge, effect, contextualisation and narratives by the first author and an indepen-
dent researcher belonging to the same research group. The coding was compared and
discussed, which resulted in inter-rater agreement score of 92% (56 out of 61).
Disagreements were discussed and, if no agreement could be obtained, the data were
not used.

6. Results

All participants stated that the workshops increased their interest for biodesign and
integrating interdisciplinary knowledge into their projects. The interviewee reflections
about their collaborative ideation revealed three emerging themes: the value of
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bioscientific knowledge representation, diversity of knowledge on the cards and con-
textualisation of ideas.

6.1. Bioscientific knowledge representation

The cards provided playful interactions for the workshops and were seen as useful
components in idea generation, particularly for initiating the process. SD-2 said that
bouncing back and forth between the scientific information and his design expertise was
crucial for idea generation. BE-1 suggested that the cards initiated their thinking process
by providing direction and a starting point. BE-3 said that knowledge on the cards helped
the team to cover a wide variety of ideas to combine into directions later. BE-1 reflected
that the cards made the creative process game-like, rather than an exercise and added that
the process felt like a ‘casual conversation’ without losing scientific focus. He also claimed
that he could not ideate in biodesign without the cards, given his lack of expertise.

Participants noted that their ability to understand the scientific knowledge was
essential for collaborative ideation. Higher levels of understanding were related to better
engagement in the workshop. BE-3 was able to quickly apply the cards: ‘It was easy to
start brainstorming because the process was in place’, referring to the narrative that
emerged when combining different scientific methods with various contexts. BE-1 sig-
nified the use of language because the cards explained specialist topics without the use of
specialist language: ‘I appreciate that the cards are easy to understand even if you don’t
come from this area of expertise’. BE-2 added: ‘the cards are good to look at - this is
important! Sometimes scientific information is very difficult to absorb’. Knowledge that
was relatable was more likely to find use in ideation. According to SD-2, being able to
relate the science to ongoing projects was a driving force for ideation. Additionally,
participants found that ideation could have been more fruitful if they were able to
understand the science better. BE-1: “The cards initiated our thinking process. Without
the cards, coming up with ideas would’ve been difficult. They provided direction and
starting point for the discussion which was very useful’. BE-5 noted that the cards were
useful for supporting creative and useful concepts: ‘A lot of it is raw science and getting
into papers, but this was more about reality and role of creative process. Bioengineers are
used to solving clearly defined problems, but the real value is spotting things outside this
space’. Participants found that one of the key outcomes from using the cards were their
ability to accelerate the creative process and minimise team misunderstandings about
unfamiliar scientific opportunities. SD-1 said: ‘The cards were perfect as an easy summary
of a concept. I definitely felt they were successful in triggering creative thinking. The format
was very useful for giving the main idea about the concepts to play with. Enables to quickly
jump into brainstorming. No need to spend time on figuring it all out’.

6.2. Knowledge diversity in biodesign ideation

Participants considered the diversity of knowledge presented on the science-based cards
supportive of ideation. This was a result of participants being able to relate to at least
some aspect of a card, making the knowledge actionable. BE-3 said: ‘there was a good
balance between specificity and generalisability of information on the cards’. BE-4 reported
there were ‘several layers’ of knowledge on the cards, which enabled the ideation process:
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‘You can get the idea of the card really quickly and it allows you to harvest and gather more
information later if needed’. The diverse contents of the cards were perceived logical and
easy to understand because they explained scientific methods from multiple perspectives,
leading to a wholistic overview. SD-3 stated: ‘The best thing about Synbio cards is that they
break down, in simple terms, the different areas of Synbio in chewable bits that can be
worked with’. However, it was mentioned that rigidity of knowledge provided to the
biodesigners for ideation was challenging because selecting the narrative was limiting
(selection of 1 science and 1 UN SDG card): ‘There’s no leeway, There’s one card and
nothing else.” SD-5 preferred to see information about different scientific methods and
concepts presented on the same level of abstraction. SD-4 suggested that the visual nature
of knowledge representation accelerated ideation.

SD-1, SD-2 and SD-5 mentioned that extreme cases of scientific concepts applied in
real life settings can support idea generation. SD-1: T'm interested in things that are
extravagant and exciting, like CRISPR’ and SD-3: ‘Tt was good to see down to earth and
crazy examples’. SD-3 highlighted the importance of user-related information on the
cards: Tt is useful to have an image with the product in use’. Contrastingly, SD-5 suggested
that ‘connection to human can sometimes be over amplified’. When reflecting on informa-
tion and knowledge representations on the cards, participants expressed a wide variety of
individual preferences for knowledge that supported them or their team ideation process.
SD-1 found that the summary of scientific concepts and their overview (as a set of cards)
triggered creativity since it triggered knowledge contextualisation. SD-1 highlighted that
the summary of scientific knowledge on the cards initiated a speedy process. SD-2 found
that having a set of cards with diverse knowledge provided a shared knowledge base for
team ideation process, eliminating misunderstandings about complex scientific phenom-
ena. Similarly, SD-3 suggested that the card contents enabled a clear process and clarity
about the scientific knowledge and its potential application areas. When discussing the
format and knowledge representation, SD-5 said that the cards provided a useful over-
view and explanatory pictures increased understanding of the science. The pros and cons
of each scientific method improved contextualisation.

6.3. Knowledge contextualisation

Despite some challenges in combining the Science and UN Goal cards, the respondents
found combining sources of inspiration helpful for ideation because it explicitly put
scientific opportunities into societal context. For example, BE-5 suggested that ‘the UN
cards helped a lot by adding guidance and structure’. SD-2 said that bridging the scientific
methods with design approaches for coming up with biodesign ideas can be difficult due
to contextual differences. SD-1, SD-3, SD-4 said that combining the perspectives with UN
SDGs was a natural, fun and quick process. SD-4 specified: ‘Choosing the card combina-
tions with the group was really holistic, the dynamic was really good, we were in a really
good flow’. According to SD-1 their group would have been lost during the ideation if
there was no bridging of different perspectives (1 UN SDG card with 1 Science based
card). Combining the cards provided clear process and surprising ideas according to
participants. The ideas were described as surprising because the cards provided partici-
pants with new knowledge that they did not have before, nor knew they could use in
ideation. SD-2 added that the story acted as a framework for brainstorming. BE-3
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suggested that mixing and matching the cards was ‘the best thing and irreplicable for us’
later suggesting: ‘Combining the two cards together was quite concise. Really laid a good
structure for us to start brainstorming’.

SD-4 said that combining the science with broader context created an inspiring
narrative to use as starting point: ‘it was useful to have this story before ideation. It led
us to having a good process. It took us to an idea that may or may not work but we felt it
was magic’, SD-2 added: ‘combining the cards was straightforward. UN cards were clear
and relatable’. SD-1 thought that making connections between cards enabled their group
to access ideas that would otherwise have been unreachable. It was noted that sustainable
development goals allowed participants to place their ideas into a broader context that
has significance and meaning: it’s good to know what’s considered important in the world’.
(SD-5). Exposure to critical contexts raised participant awareness and encouraged them
to envision ideas that directly address global issues. This exposure alleviated ambiguities
of ideation and accelerated the team process.

BE-2 found that the UN cards enabled contextualisation of specific skills. According to
SD-5 the challenge in combining different categories was mostly within the science-based
card because there ‘appeared to be an overlap between some of the cards, but the UN cards
were very important and made us precise’. BE-1: T think it’s a helpful thing to combine
cards together into a narrative — ideation can be fun! But in a lab meeting it looks like
a task’. When reflecting on their quick team process, SD-4 said that ‘one of the cards was
very relatable so that’s why we chose so fast’ and SD-1 stated: ‘the process was to pick and
match where a lot was based on the feeling. Can I see it fit? Does it feel right?” BE-5 found
that the UN Cards and Science cards are most useful when planning new innovations.

7. Discussion

The results from a series of workshops demonstrate an approach for supporting colla-
borative biodesign ideation with utilisation of a conceptual interdisciplinary creativity
model (KCC). We found that exposure to diverse bio-scientific knowledge presented in
a standardised format (Design x Science cards) has potential to support ideation process
in biodesign. Based on participant comments and our observations on the ideas gener-
ated, the prevalent effect of the cards was on the team process, rather than quality
(novelty and usefulness) of proposals. This could be justified with the time-limited nature
of the experiment.

When analysing the participant perception on the collaborative ideation, we found
that contextualisation of scientific knowledge supported team process and enabled
creating narratives prior to brainstorming. The results show that interdisciplinary biode-
sign ideation can be supported by tools that integrate a combination of science-specific
and generalisable knowledge. The study expands design theory in combined sources of
inspiration (Halskov and Dalsgird 2006) to interdisciplinary biodesign collaborations;
and contributes to the development of CSTs in interdisciplinary biodesign. The main
findings for interdisciplinary biodesign ideation are:

¢ Practitioners value diverse knowledge contents from/on CSTs;
¢ Contextualisation supports creativity and generation of innovative ideas;
e Narratives can act as accelerators and starting points for ideas.
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7.1. Knowledge diversity and contextualisation with narratives

We found that biodesigners (irrespective of their background) prefer using general and
specific knowledge to inform their ideation. The diversity of knowledge initiated diver-
gent and convergent thinking. Our exploratory study found that Design x Science cards
that were developed based on interdisciplinary and diverse knowledge (as described by
the KCC and Table 1) were unanimously considered supportive of ideation because the
cards incited thinking along unconventional thought patterns. The diversity of knowl-
edge representation was considered twofold: firstly, the card deck provided a diverse
selection of bioscientific inspiration. Secondly, each card was designed with diverse
characteristics in mind (scientific knowledge and its utility, potential effect on behaviour
and perceptions). The interviews showed that the cards supported ideation because of
quick and easy access to summarised scientific knowledge, allowing speedy process and
decisions making. A key characteristic of the cards was their affordance to imply process
and guidance for discussions and ideation. Consequently, this was perceived as positive
for the team process and the speed at which ideas could be generated.

The results show that combining the cards was an engaging process and participants
considered this an important step in building team dynamics. It was found that combin-
ing UN SDGs (United Nations Sustainable Development Goals) and scientific methods
helps to contextualise ideation. The contextualisation can be described as narrative
building whereby different pieces of knowledge are put together. Participants in this
study used the narrative as a creative input to inspire ideation.

7.2. Limitations

A methodological limitation of this study concerns directed content analysis, which is
associated with researchers finding evidence that is supportive of a theory under inves-
tigation. During interviews, some participants may answer in ways that please research-
ers (Hsieh and Shannon 2005), however we mitigated this potential effect by explicitly
asking participants to be critical. The card format can be a limitation and other forms of
interventions that are based on the principles applied for making the cards could lead to
valuable insights. The workshops used in this case study were conducted online, which is
likely to have caused unwanted side effects on the quality of collaboration, although
becoming a common format for ideation workshop.

7.3. Future work

This study found that interdisciplinary biodesign ideation can be supported with colla-
borative tools, such as ideation cards. The finding is relevant for advancing the field of
interdisciplinary biodesign. The results with Design x Science cards indicate that
designers prefer new information in standardised formats emphasising the role of
facilitator as a moderator of inspirational content. A key challenge in facilitating the
workshops was balancing generalisable and specific contents for the cards. This reflects
on research describing how designers source ideas from science laboratories, whereby
there is a ‘sweet spot’ for describing sources of inspiration (Maudet, Asada, and
Pennington 2020). Further research could explore facilitation strategies of biodesign
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ideation. Understanding the role of various types of narratives (Grimaldi, Fokkinga, and
Ocnarescu 2013) in biodesign ideation, including temporal narratives (Pschetz and
Bastian 2018), could also provide insights for advancing the field. Future work could
also address the ethical dimension of co-creative biodesign, for example by adapting
existing frameworks for responsible innovation, such as Consequence Scanning (Brown
2019). Given the fast-paced nature of our workshops and focus on ideation, there was no
emphasis on ethical consequences.

8. Conclusion

This paper explores how to support collaborative ideation in biodesign workshops. The
exploration is necessary to accelerate biodesign processes and provide a complimentary
approach to time consuming collaborations such as residencies. Using a case study with
Design and Science cards based in a series of workshops, we found that biodesign
ideation could be supported with tools such as ideation cards. Our results show that
practitioners value tools which provide diverse interdisciplinary knowledge about bios-
cientific phenomena in ideation. The results suggest that combining bioscientific knowl-
edge with large-scale contextual challenges such as the United Nations Sustainable
Development Goals help biodesigners to contextualise their ideas and develop
a narrative. The narrative building provided collaborators with process for creative
ideation and co-creation.

Acknowledgements

Authors are very grateful to Dr Kirsten Jensen, Dr Naomi Nakayama, and Dr Livia Kalossaka for
providing expert input for the development of Design x Science cards. We thank Malak Sadek for
support during the data analysis. We express gratitude to Archie Bond for support in revising the
manuscript.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The work was supported by the Engineering and Physical Sciences Research Council [EP/
R513052/1].

ORCID

Sander Vilk () http://orcid.org/0000-0001-7142-8088
Céline Mougenot (1*) http://orcid.org/0000-0002-3849-163X



CODESIGN 17

References

Aarts, T., L. K. Gabrielaitis, L. C. De Jong, R. Noortman, E. M. Van Zoelen, S. Kotea, S. Cazacu,
L. L. Lock, and P. Markopoulos. 2020. “Design Card Sets: Systematic Literature Survey and Card
Sorting Study.” In DIS 2020 - Proceedings of the 2020 ACM Designing Interactive Systems
Conference, 419-428. doi:10.1145/3357236.3395516.

Agapakis, C. M. 2014. “Designing Synthetic Biology.” ACS Synthetic Biology 3 (3): 121-128. doi:10.
1021/sb4001068.

Barati, B., E. Karana, and P. Hekkert. 2019. “Prototyping Materials Experience: Towards a Shared
Understanding of Underdeveloped Smart Material Composites.” International Journal of Design
13 (2): 21-38. http://www.ijdesign.org/index.php/IJDesign/article/viewFile/3255/856

Benony, M., and N. Maudet. 2020. “From Guests and Guides to Collaborators: Negotiating Roles
in Design and Biology Collaborations.” Design Journal 23 (4): 1-18. doi:10.1080/14606925.2020.
1762339.

Brandt, E., J. Messeter, and T. Binder. 2008. “Formatting Design Dialogues - Games and
Participation.” CoDesign 4 (1): 51-64. doi:10.1080/15710880801905724.

Brown, S. 2019. Consequence Scanning Manual Version 1. London: Doteveryone. https://dotever
yone.org.uk/wp-content/uploads/2019/04/Consequence-Scanning_Agile-Event-
Manual_TechTransformed_Doteveryone.pdf

Bucciarelli, L. L. 2003. “Designing and Learning: A Disjunction in Contexts.” Design Studies 24 (3):
295-311. doi:10.1016/S0142-694X(02)00057-1.

Calvert, J., and P. Schyfter. 2017. “What Can Science and Technology Studies Learn from Art and
Design? Reflections on ‘Synthetic Aesthetics’.” Social Studies of Science 47 (2): 195-215. doi:10.
1177/0306312716678488.

Chieza, N. 2018. “Reflections from Ginkgo’s First Creative-In-Residence.” Gingko Bioworks Blog.
https://www.ginkgobioworks.com/2018/04/11/creative-in-residence/

Collet, C. 2020. “Designing Our Future Bio-Materiality.” AI and Society, no. 0123456789. doi:10.
1007/s00146-020-01013-y.

Crilly, N., and C. Cardoso. 2017. “Where Next for Research on Fixation, Inspiration and Creativity
in Design?” Design Studies 50: 1-38. doi:10.1016/j.destud.2017.02.001.

Dalsgaard, P. 2017. “Instruments of Inquiry: Understanding the Nature and Role of Tools in
Design.” International Journal of Design 11 (1): 21-33.

Department for Business Energy & Industrial Strategy. 2018. “Growing the Bioeconomy.” https://
www.gov.uk/government/publications/bioeconomy-strategy-2018-to-2030

Dindler, C., and O. S. Iversen. 2007. “Fictional Inquiry—design Collaboration in a Shared
Narrative Space.” CoDesign 3 (4): 213-234. doi:10.1080/15710880701500187.

Dorst, K. 2018. “Mixing Practices to Create Transdisciplinary Innovation: A Design-Based
Approach.” Technology Innovation Management Review 8 (8): 60-65. doi:10.22215/timreview/
1179.

Driver, A., C. Peralta, and ]. Moultrie. 2011. “Exploring How Industrial Designers Can Contribute
to Scientific Research.” International Journal of Design 5 (1): 17-28. doi:10.17863/CAM.34129.

Dunne, A., and F. Raby. 2013. “Speculative Everything: Design, Fiction, and Social Dreaming.”
Speculative Everything: Design, Fiction, and Social Dreaming. doi:10.1093/jdh/epv001.

Ertirkan, H., E. Karana, and R. Mugge. 2022. ”Is This Alive? Towards a Vocabulary for
Understanding and Communicating Living Material Experiences.” In DRS2022: Bilbao, edited
by D. Lockton, S. Lenzi, P. Hekkert, A. Oak, J. Sadaba, and P. Lloyd. doi:10.21606/drs.2022.796.

Esat, R., and S. Ahmed-Kristensen. 2018. “Classification of Bio-Design Applications: Towards
a Design Methodology.” Proceedings of International Design Conference, DESIGN 3: 1031-1042.
doi:10.21278/idc.2018.0531.

Flus, M., and A. Hurst. 2021. “Design at Hackathons: New Opportunities for Design Research.”
Design Science 7. do0i:10.1017/dsj.2021.1.

Forlizzi, J., and S. Ford. 2000. “Building Blocks of Experience: An Early Framework for Interaction
Designers.” In Proceedings of the Conference on Designing Interactive Systems: Processes,
Practices, Methods, and Techniques, DIS, 419-423. doi:10.1145/347642.347800.


https://doi.org/10.1145/3357236.3395516
https://doi.org/10.1021/sb4001068
https://doi.org/10.1021/sb4001068
http://www.ijdesign.org/index.php/IJDesign/article/viewFile/3255/856
https://doi.org/10.1080/14606925.2020.1762339
https://doi.org/10.1080/14606925.2020.1762339
https://doi.org/10.1080/15710880801905724
https://doteveryone.org.uk/wp-content/uploads/2019/04/Consequence-Scanning_Agile-Event-Manual_TechTransformed_Doteveryone.pdf
https://doteveryone.org.uk/wp-content/uploads/2019/04/Consequence-Scanning_Agile-Event-Manual_TechTransformed_Doteveryone.pdf
https://doteveryone.org.uk/wp-content/uploads/2019/04/Consequence-Scanning_Agile-Event-Manual_TechTransformed_Doteveryone.pdf
https://doi.org/10.1016/S0142-694X(02)00057-1
https://doi.org/10.1177/0306312716678488
https://doi.org/10.1177/0306312716678488
https://www.ginkgobioworks.com/2018/04/11/creative-in-residence/
https://doi.org/10.1007/s00146-020-01013-y
https://doi.org/10.1007/s00146-020-01013-y
https://doi.org/10.1016/j.destud.2017.02.001
https://www.gov.uk/government/publications/bioeconomy-strategy-2018-to-2030
https://www.gov.uk/government/publications/bioeconomy-strategy-2018-to-2030
https://doi.org/10.1080/15710880701500187
https://doi.org/10.22215/timreview/1179
https://doi.org/10.22215/timreview/1179
https://doi.org/10.17863/CAM.34129
https://doi.org/10.1093/jdh/epv001
https://doi.org/10.21606/drs.2022.796
https://doi.org/10.21278/idc.2018.0531
https://doi.org/10.1017/dsj.2021.1
https://doi.org/10.1145/347642.347800

18 S. VALK ET AL.

Freach, J. n.d. Behold and Beware, Design Toolkits. University of Texas Austin, School of Design
and Creative Technologies. https://designcreativetech.utexas.edu/behold-and-beware-
designtoolkits

Future Today Institute. 2020. Tech Trends Report. New York: Future Today Institute. www.
futuretodayinstitute.com

Ginsberg, A. D., J. Calvert, P. Schyfter, A. Elfick, and D. Endy. 2014. Synthetic Aesthetics:
Investigating Synthetic Biology’s Designs on Nature. MIT Press.

Ginsberg, A. D., and N. Chieza. 2018. “Editorial: Other Biological Futures.” Journal of Design and
Science. doi:10.21428/566868b5.

Gough, P., J. Forman, P. Pataranutaporn, L. A. Hepburn, C. Ramirez-Figueroa, C. Cooper,
A. Vujic, et al. 2021. “Speculating on Biodesign in the Future Home.” In Conference on
Human Factors in Computing Systems - Proceedings, 11-15. doi:10.1145/3411763.3441353.

Gough, P., S. Yoo, M. Tomitsch, and N. Ahmadpour. 2021. “Applying Bioaffordances Through
an Inquiry-Based Model: A Literature Review of Interactive Biodesign.” International Journal
of Human-Computer Interaction 37 (17): 1583-1597. June. doi:10.1080/10447318.2021.
1898846.

Grimaldi, S., S. Fokkinga, and I. Ocnarescu. 2013. “Narratives in Design: A Study of the Types,
Applications and Functions of Narratives in Design Practice.” In Proceedings of the 6th
International Conference on Designing Pleasurable Products and Interfaces, DPPI 2013,
201-210. doi:10.1145/2513506.2513528.

Groth, C., M. Pevere, P. Kéiridinen, and K. Niinimédki. 2019. “When Art Meets Science :
Conditions for Experiential Knowledge Exchange in Interdisciplinary Research on New
Materials.” In International Conference of the Design Research Society Special Interest Group
on Experiential Knowledge (EKSIG), 2019 Tallinn, Estonia, September 1-14.

Groth, C., M. Pevere, K. Niiniméki, and P. Kairidinen. 2020. “Conditions for Experiential
Knowledge Exchange in Collaborative Research Across the Sciences and Creative Practice.”
CoDesign 16 (4): 328-344. doi:10.1080/15710882.2020.1821713.

Haidamous, T. 2017. “Rethinking the Role of Design Within the Technological Advancements in
Biomimetics and SynBio.” Design Journal 20 (supl): S4009-18. doi:10.1080/14606925.2017.
1352903.

Halskov, K., and P. Dalsgaard. 2007. “The Emergence of Ideas: The Interplay Between Sources of
Inspiration and Emerging Design Concepts.” CoDesign 3 (4): 185-211. doi:10.1080/
15710880701607404.

Halskov, K., and P. Dalsgérd. 2006. “Inspiration Card Workshops.” In Proceedings of the
Conference on Designing Interactive Systems: Processes, Practices, Methods, and Techniques,
DIS 2006, 2-11. doi:10.1145/1142405.1142409.

Haritaipan, L., M. Saijo, and C. Mougenot. 2019. “Impact of Technical Information in
Magic-Based Inspiration Tools on Novice Designers.” International Journal of Technology and
Design Education 29 (5): 1153-1177. d0i:10.1007/s10798-018-9476-x.

Hsieh, H. F,, and S. E. Shannon. 2005. “Three Approaches to Qualitative Content Analysis.”
Qualitative Health Research 15 (9): 1277-1288. d0i:10.1177/1049732305276687.

Inie, N., and P. Dalsgaard. 2017. “How Interaction Designers Use Tools to Manage Ideas.” In
Proceedings of the 2017 CHI Conference Extended Abstracts on Human Factors in Computing
Systems - CHI EA ’17, 2668-2675. New York: ACM. doi:10.1145/3365104.

Ito, J. 2016. “Design and Science.” Journal of Design and Science. doi:10.21428/f4c68887.

Kédridinen, P., and L. Tervinen. 2017. Lost in the Wood (S): The New Biomateriality in Finland.
Helsinki: School of Arts, Design and Architecture, Aalto Arts Books.

Kéaridinen, P., L. Tervinen, T. Vuorinen, and N. Riutta. 2020. The CHEMARTS Cookbook. Espoo:
Aalto University. https://aaltodoc.aalto.fi/handle/123456789/44165

Karana, E., B. Barati, and E. Giaccardi. 2020. “Living Artefacts: Conceptualizing Livingness as
a Material Quality in Everyday Artefacts.” International Journal of Design 14 (3): 37-53.

Karana, E., B. Barati, V. Rognoli, and A. Zeeuw van der Laan. 2015. “Material Driven Design
(MDD): A Method to Design for Material Experiences.” International Journal of Design 9 (2):
35-54.


https://designcreativetech.utexas.edu/behold-and-beware-designtoolkits
https://designcreativetech.utexas.edu/behold-and-beware-designtoolkits
http://www.futuretodayinstitute.com
http://www.futuretodayinstitute.com
https://doi.org/10.21428/566868b5
https://doi.org/10.1145/3411763.3441353
https://doi.org/10.1080/10447318.2021.1898846
https://doi.org/10.1080/10447318.2021.1898846
https://doi.org/10.1145/2513506.2513528
https://doi.org/10.1080/15710882.2020.1821713
https://doi.org/10.1080/14606925.2017.1352903
https://doi.org/10.1080/14606925.2017.1352903
https://doi.org/10.1080/15710880701607404
https://doi.org/10.1080/15710880701607404
https://doi.org/10.1145/1142405.1142409
https://doi.org/10.1007/s10798-018-9476-x
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1145/3365104
https://doi.org/10.21428/f4c68887
https://aaltodoc.aalto.fi/handle/123456789/44165

CODESIGN 19

Keshwani, S., T. A. Lenau, S. A. Kristensen, and A. Chakrabarti. 2013. “Benchmarking
Bio-Inspired Designs with Brainstorming in Terms of Novelty of Design Outcomes.” In
Proceedings of the International Conference on Engineering Design, ICED 7 DS75-07 Seoul,
Korea, August, 21-30.

Kleinsmann, M., and R. Valkenburg. 2008. “Barriers and Enablers for Creating Shared
Understanding in Co-Design Projects.” Design Studies 29 (4): 369-386. doi:10.1016/j.destud.
2008.03.003.

Kurtzberg, T. R., and T. M. Amabile. 2001. “From Guilford to Creative Synergy: Opening the Black
Box of Team-Level Creativity.” Creativity Research Journal 13 (3-4): 285-294. doi:10.1207/
S$15326934CRJ1334_06.

Lave, J., and E. Wenger. 1991. Situated Learning: Legitimate Peripheral Participation (Learning in
Doing: Social, Cognitive and Computational Perspectives). Learning in Doing. doi:10.2307/
28045009.

Lenau, T. A,, S. Keshwani, A. Chakrabarti, and S. Ahmed-Kristensen. 2015. “Biocards and Level of
Abstraction.” In Proceedings of the International Conference on Engineering Design, ICED 2 (DS
80-02) Milan, Italy.

Lloyd, P. 2000. “Storytelling and the Development of Discourse in the Engineering Design
Process.” Design Studies 21 (4): 357-373. d0i:10.1016/s0142-694x(00)00007-7.

Lucero, A., K. Halskov, and J. Buur. 2016. “Designing with Cards.” In Collaboration in Creative
Design: Methods and Tools, edited by P. Markopoulos, ].-B. Martens, J. Malins, K. Coninx, and
A. Liapis, 75-95. Springer International Publishing. doi:10.1007/978-3-319-29155-0.

Maudet, N,, S. Asada, and M. Pennington. 2020. “Treasure Hunting: An Exploratory Study of How
Designers and Scientists Identify Potential Collaborative Projects.” DRS2020: Synergy 1. doi:10.
21606/drs.2020.126.

Melville-Richards, L., J. Rycroft-Malone, C. Burton, and J. Wilkinson. 2020. “Making Authentic:
Exploring Boundary Objects and Bricolage in Knowledge Mobilisation Through National
Health Service-University Partnerships.” Evidence ¢ Policy: A Journal of Research, Debate and
Practice 16 (4): 517-539. doi:10.1332/174426419X15623134271106.

Meng, F., and T. Ellis. 2020. “The Second Decade of Synthetic Biology: 2010-2020.” Nature
communications 11 (1): 1-4. doi:10.1038/s41467-020-19092-2.

Metcalfe, D. J. 2015. “Multispecies Design.” University of the Arts London and Falmouth
University. https://ualresearchonline.arts.ac.uk/id/eprint/13351/

Mora, S., F. Gianni, and M. Divitini. 2017. “Tiles: A Card-Based Ideation Toolkit for the Internet of
Things.” In DIS 2017 - Proceedings of the 2017 ACM Conference on Designing Interactive
Systems, 587-598. doi:10.1145/3064663.3064699.

Myers, W. 2018. Bio Design: Nature — Science — Creativity. Thames & Hudson. https://thamesand
hudson.com/bio-design-9780500294390

Nimkulrat, N., C. Groth, O. Tomico, and ]. Valle-Noronha. 2020. “Knowing Together-
Experiential Knowledge and Collaboration.” CoDesign 16 (4): 267-273. doi:10.1080/15710882.
2020.1823995.

Nonaka, I, and H. Takeuchi. 1995. “Knowledge-Creating Company.” Harvard Buisiness Review.
doi:10.1016/S0969-4765(04)00066-9.

Ocnarescu, 1., F. Pain, C. Bouchard, A. Aoussat, and D. Sciamma. 2011. “Improvement of the
Industrial Design Process by the Creation and Usage of Intermediate Representations of
Technology, ‘TechCards’.” In DPPI'11 - Designing Pleasurable Products and Interfaces,
Proceedings, no. c. doi:10.1145/2347504.2347559.

Oxman, N. 2016. “Age of Entanglement.” In Design and Science, MIT Media Lab, 1-11. MIT Press.
doi:10.21428/7e0583ad.

Park, D., and M. Bechthold. 2013. “Designing Biologically-Inspired Smart Building Systems:
Processes and Guidelines.” International Journal of Architectural Computing 11 (4): 437-463.
doi:10.1260/1478-0771.11.4.437.

Peters, D., L. Loke, and N. Ahmadpour. 2020. “Toolkits, Cards and Games — A Review of Analogue
Tools for Collaborative Ideation.” CoDesign 17 (4): 1-25. doi:10.1080/15710882.2020.1715444.

Polanyi, M. 1975. The Tacit Dimension/Michael Polanyi. Philosophy Today.


https://doi.org/10.1016/j.destud.2008.03.003
https://doi.org/10.1016/j.destud.2008.03.003
https://doi.org/10.1207/S15326934CRJ1334_06
https://doi.org/10.1207/S15326934CRJ1334_06
https://doi.org/10.2307/2804509
https://doi.org/10.2307/2804509
https://doi.org/10.1016/s0142-694x(00)00007-7
https://doi.org/10.1007/978-3-319-29155-0
https://doi.org/10.21606/drs.2020.126
https://doi.org/10.21606/drs.2020.126
https://doi.org/10.1332/174426419X15623134271106
https://doi.org/10.1038/s41467-020-19092-2
https://ualresearchonline.arts.ac.uk/id/eprint/13351/
https://doi.org/10.1145/3064663.3064699
https://thamesandhudson.com/bio-design-9780500294390
https://thamesandhudson.com/bio-design-9780500294390
https://doi.org/10.1080/15710882.2020.1823995
https://doi.org/10.1080/15710882.2020.1823995
https://doi.org/10.1016/S0969-4765(04)00066-9
https://doi.org/10.1145/2347504.2347559
https://doi.org/10.21428/7e0583ad
https://doi.org/10.1260/1478-0771.11.4.437
https://doi.org/10.1080/15710882.2020.1715444

20 S. VALK ET AL.

Pschetz, L., and M. Bastian. 2018. “Temporal Design: Rethinking Time in Design.” Design Studies
56: 169-184. doi:10.1016/j.destud.2017.10.007.

Ramirez Figueroa, C. 2018. Bio-Material Probes: Design Engagements with Living Systems.
Newcastle University. https://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.765309

Rust, C. 2007. “Unstated Contributions - How Artistic Inquiry Can Inform Interdisciplinary
Research.” International Journal of Design 1 (3): 69-76.

Sanders, E.B.-N, and P. J. Stappers. 2013. “Chapter 3, How It Works: Generative Tools and
Techniques.” In Convivial Toolbox, Generative Research for the Front End of Design, BIS
Publishers. https://www.bispublishers.com/convivial-toolbox.html

Sanders, E. B. N., and P. J. Stappers. 2014. “Probes, Toolkits and Prototypes: Three Approaches to
Making in Codesigning.” CoDesign 10 (1): 5-14. doi:10.1080/15710882.2014.888183.

Sawa, M. 2016. “The Laboratory Life of a Designer at the Intersection with Algal Biotechnology.”
Architectural Research Quarterly 20 (1): 65-72. doi:10.1017/51359135516000191.

Sayuti, A., C. A. Montana-Hoyos, and E. Bonollo. 2015. A Study of Furniture Design
Incorporating Living Organisms with Particular Reference to Biophilic and Emotional Design
Criteria Biophilic Design View Project Mangroves of Sungai Merbok View Project.” 04 (01):
75-106. https://www.researchgate.net/publication/313858346

Schindler, J. 2015. “Expertise and Tacit Knowledge in Artistic and Design Processes: Results of an
Ethnographic Study.” Journal of Research Practice 11 (2): 1-23.

Schon, D. 1991. The Reflective Practitioner - How Professionals Think in Action. New York:
Routledge of Taylor & Francis Group. https://www.taylorfrancis.com/books/9781351883160
Shneiderman, B., P. Jennings, G. Fischer, B. Myers, E. Edmonds, and M. Eisenberg. 2006.
“Creativity Support Tools : Report from a U. S.” International Journal of Human-Computer

Interaction 20 (2): 61-77. doi:10.1207/s15327590ijhc2002_1.

Simons, T., A. Gupta, and M. Buchanan. 2011. “Innovation in R & D: Using Design Thinking to
Develop New Models of Inventiveness, Productivity and Collaboration.” Journal of Commercial
Biotechnology 17 (4): 301-307. d0i:10.1057/jcb.2011.25.

Star, S. L., and J. R. Griesemer. 1989. “Institutional Ecology,translations and Boundary Objects:
Amateurs and Professionals in Berkeley Museum of Vertebrate Zoology, 1907-39.” Social
Studies of Science 19 (3): 387-420. doi:10.1177/030631289019003001.

Stompft, G., F. Smulders, and L. Henze. 2016. “Surprises are the Benefits: Reframing in
Multidisciplinary Design Teams.” Design Studies 47: 187-214. doi:10.1016/j.destud.2016.09.004.

Tahir, R., and A. I. Wang. 2020. “Transforming a Theoretical Framework to Design Cards: League
Ideation Toolkit for Game-Based Learning Design.” Sustainability (Switzerland) 12 (20): 1-25.
do0i:10.3390/su12208487.

Valkenburg, R. 2000. The Reflective Practice of Design Teams. Delft University of Technology.
http://resolver.tudelft.nl/uuid:8bbe62ab-e761-46{7-b386-3ead14a9d56d

Vilk, S., and C. Mougenot. 2020. “Generative Boundary Objects as Integral Parts of Framing in
Design and Bioscience Collaborations.” In Proceedings of the Design Society: DESIGN
Conference, 1135-1144. Cambridge University Press. doi:10.1017/dsd.2020.106.

Vasconcelos, L. A., and N. Crilly. 2016. “Inspiration and Fixation: Questions, Methods, Findings,
and Challenges.” Design Studies 42: 1-32. doi:10.1016/j.destud.2015.11.001.

Villalba, C., A. Jaiprakash, J. Donovan, J. Roberts, and R. Crawford. 2021. “Testing
Literature-Based Health Experience Insight Cards in a Healthcare Service Co-Design
Workshop.” CoDesign 17 (1): 70-82. doi:10.1080/15710882.2018.1563617.

Vincent, J. F. V. 2009. “Biomimetics - a Review.” Proceedings of the Institution of Mechanical Engineers
Part H: Journal of Engineering in Medicine 223 (8): 919-939. doi:10.1243/09544119JEIM561.

Wakkary, R. 2021. Things We Could Design: For More Than Human Centred Worlds. Hawthorne,
CA, U.S.A.: MIT Press.

Yargin, G. T., R. M. Firth, and N. Crilly. 2018. “User Requirements for Analogical Design Support
Tools: Learning from Practitioners of Bio-Inspired Design.” Design Studies 58: 1-35. doi:10.
1016/j.destud.2017.11.006.

Zeigler, E. F. CB, Corbin, HM, Eckert. 1990. “Don’t Forget the Profession When Choosing
a Name!” The Evolving Undergraduate Major.


https://doi.org/10.1016/j.destud.2017.10.007
https://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.765309
https://www.bispublishers.com/convivial-toolbox.html
https://doi.org/10.1080/15710882.2014.888183
https://doi.org/10.1017/S1359135516000191
https://www.researchgate.net/publication/313858346
https://www.taylorfrancis.com/books/9781351883160
https://doi.org/10.1207/s15327590ijhc2002_1
https://doi.org/10.1057/jcb.2011.25
https://doi.org/10.1177/030631289019003001
https://doi.org/10.1016/j.destud.2016.09.004
https://doi.org/10.3390/su12208487
http://resolver.tudelft.nl/uuid:8bbe62ab-e761-46f7-b386-3ead14a9d56d
https://doi.org/10.1017/dsd.2020.106
https://doi.org/10.1016/j.destud.2015.11.001
https://doi.org/10.1080/15710882.2018.1563617
https://doi.org/10.1243/09544119JEIM561
https://doi.org/10.1016/j.destud.2017.11.006
https://doi.org/10.1016/j.destud.2017.11.006

	Abstract
	1. Introduction: interdisciplinary biodesign
	2. Research objective
	3. Theoretical foundation
	3.1. Emerging interdisciplinary knowledge spaces in biodesign (bridging science and design)
	3.2. Challenges in interdisciplinary idea generation
	3.3. Ideation cards supporting collaboration

	4. Literature summary and positioning of the study
	4.1. Research scope

	5. Methodology
	5.1. Development of ideation cards for biodesign
	5.2. Case selection
	5.3. Data collection
	5.3.1. Post workshop interviews

	5.4. Data analysis

	6. Results
	6.1. Bioscientific knowledge representation
	6.2. Knowledge diversity in biodesign ideation
	6.3. Knowledge contextualisation

	7. Discussion
	7.1. Knowledge diversity and contextualisation with narratives
	7.2. Limitations
	7.3. Future work

	8. Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	References

