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,.()0.,( 
Biodesign is a field that integrates design and biology, involves 
living organisms in the creative process, and brings together 
knowledge from fields such as microbiology, engineering, che-
mistry, art, and architecture to respond to contemporary cha-
llenges such as the climate crisis. However, its development faces 
limitations in terms of disciplinary integration and its transfer 
to productive and social contexts. 

At the University of Los Andes, the 2006 academic reform 
allowed synthetic biology and biodesign to be incorporated into 
the Design program. Since 2017, participation in the Biodesign 
Challenge and in projects such as RootKnit, Pseudofreeze, and 
Must(go) has consolidated a trajectory that has led to the crea-
tion of courses such as Biomoda and Design and Biotechnology, 
as well as a teaching ecosystem with increasingly transdiscipli-
nary practices. 

Based on an analysis of the lessons learned, tensions, and 
challenges of these projects, the study seeks to understand 
how collaborations between disciplines are formed, progress, 
or are interrupted, and how they can be strengthened in bio-
design training.  

The transdisciplinary approach is understood here as coope-
ration between disciplines and non-academic actors to produ-
ce integrated knowledge. However, in the cases analyzed, this 
transdisciplinarity manifests itself mainly within academia, in 
the articulation between design and biology. Incipient links can 
be observed with contexts and subjects for whom designs are 
created, in situ prototypes, and efforts to recognize the values, 
needs, and projections of the communities or environments in-
volved. Although the cases do not directly incorporate external 
knowledge or actors, they do show initial strategies for metho-
dological expansion and the incorporation of external perspec-
tives, which constitute a starting point for more robust trans-
disciplinary practices. 

.1(('(2/ 
This research adopts a qualitative approach using multiple case 
studies to analyze the experiences of teachers and students 
who participated in three biodesign courses at the Faculty of 
Architecture and Design at the University of Los Andes. The 
process began with a review of the literature on the relationship 
between science and design to define biodesign and innovation, 
and analyze cases of collaboration among scientists, designers, 
and artists in university contexts. 

Empirical information was collected through semi-structured 
interviews with students and teachers, supplemented by docu-
mentary analysis of classroom materials, which allowed for the 
examination of group dynamics, collaborative practices, and 
tensions in the educational process. Qualitative analysis for the 
construction of analytical categories was developed through 
thematic coding, combining inductive and deductive criteria, 
based on the recurrence of themes, the contrast between actors, 
and the comparison between cases. 

Subsequently, a cross-sectional comparison and triangulation 
of sources and perspectives was carried out to identify patter-
ns, divergences, and contextual conditions that influenced the 
experiences of transdisciplinary collaboration. Based on these 
findings, a diagnostic tool was designed and tested with the par-
ticipating teachers, from which pedagogical recommendations 
were generated to strengthen transdisciplinary collaboration in 
future courses.'(  ' ()(', '( 
The cases corresponded to courses in the biodesign area of the 
Faculty of Architecture and Design that had teachers from di-
fferent disciplines or with hybrid backgrounds in design/art and 
science. They had been taught at least once before by the same 
professors, and incorporated students from various disciplines, 
methodologies specific to design and science, and collaborative 
work within the curriculum. 

The selected students belonged to groups that completed 
the course with solid results and fulfilled all deliverables. In 
each case, two students were chosen to represent, where pos-
sible, diversity in terms of discipline, gender, and roles within 
the team. All of them actively participated in most phases of the 
course and were in the final semesters of their academic training. 

(-  '('( ( ',)((
According to Owen (2007), contemporary problems require a 
review of decision-making processes, as scientific thinking is 
often not heard or taken into account, and design thinking is 
not used at all. The latter, understood as a complement to the 
former, “embodies a wide range of creative characteristics, as 
well as several other special qualities of great value to decision 
makers” (Owen, 2007, p. 17). The complementarity between the 
two lies in the fact that design thinking and scientific thinking 
differ in the way they construct and validate knowledge, and 
their articulation of thought, according to the author, adequa-
tely covers the areas for decision-making. 

To explain this, Owen (2007) first considers that creative 
people tend to work in two ways, as discoverers or creators, and 
outlines the domains shown in Figure 1. 

& '. (e domains of the creative model. 
Reproduced from Owen (2007, p. 17).  

81

 (  ))() (. .0 )(. .2 (2025): ))   (  



Discoverers exercise their creativity through findings and are 
motivated by the need to understand and find explanations for 
phenomena that are not well understood. This is where scien-
tists come in. Creators exercise their creativity through invention 
and are motivated by the need to synthesize what they know 
into new constructions, compositions, concepts, etc., that pro-
vide tangible and fresh expressions of what can be. The com-
plementarity between science and design becomes even more 
evident in Figure 2, which shows a division of the domains of 
the creative model based on the intersection between two axes 
that accommodate all disciplines within it. The vertical axis re-
presents the symbolic/real dimension according to the content 
or scope of activity of the disciplinary field, and the horizontal 
axis comprises the analytical/synthetic component that classi-
fies fields according to the way they work. 

In contrast to these positions, the author considers that, where 
scientists examine facts to discover patterns and perspectives, 
designers invent new patterns and concepts to address facts and 
possibilities. In a world with growing problems that despera-
tely need understanding and insight, there is also a great need 
for ideas that can combine that understanding and insight into 
creative solutions.  

For their part, authors such as Oxman (2016) propose the 
Krebs Cycle of Creativity (Figure 3) with the aim of representing 
the anti-disciplinary hypothesis: that knowledge can no lon-
ger be attributed to or produced within disciplinary boundaries, 
but is completely entangled. The goal is to establish a tentati-
ve but holistic map of the interrelationship between these do-
mains, where one realm can incite (r)evolution within another, 
and where a single individual or project can reside in multiple 
domains. For the most part, it is an invitation to question and 
modify what is being proposed.

The proposed mapping once again places science and design 
at opposite ends of the spectrum: science linked to information 
and knowledge based on perception and nature, and design as-
sociated with behavior and utility, anchored in production and 
culture, reinforcing their complementary nature. 

In Figure 4, Owen (2007) points out that behind any discipline, 
there is a system of objectives, values, and measures that defi-
ne the construction and assessment of knowledge within it. In 
the case of science and design, their criteria are marked with 
the colors yellow and pink, respectively. 

However, considering these criteria as the only ones is a li-
mited view, since there is not necessarily always consensus on 
these forms of validation, and they depend greatly on the bran-
ches into which the discipline is divided. Therefore, in this case, 
they would merely frame the starting point for some of the as-
pirations and validations of the disciplines. 

Regarding the science–design pairing, Owen (2007) consi-
ders that both are valuable, but together they provide the best 
balance between skeptical inquiry and imaginative application.

,(-   ( , , ,)(-( ,',
In this work, biodesign is understood as a field that integrates 
design with scientific, technological, and creative knowledge, 
such as biology, engineering, art, and architecture, to promote 
joint creation and research. This convergence represents a new 
way of producing knowledge by combining different modes of 
thinking and poses challenges for disciplinary adaptation, espe-
cially in traditional scientific contexts. At the University of Los 
Andes, where collaboration with various disciplines and com-
munities is a central part of the curriculum, these proposals are 
particularly beneficial. Biodesign practices are based on design 
thinking, defined by Owen (2007) as an inventive, visual, colla-
borative, and optimistic methodology that combines systemic 
vision and communication skills. When interacting with other 
ways of thinking, new ways of validating and producing knowle-
dge emerge, which vary according to the objectives and contexts 
of each project, reflecting both the emerging nature of biodesign 
and its potential to generate diverse and innovative approaches.

& ). Design and science are 
complementary. Reproduced from 
Owen (2007, p. 18). 
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& *. (e Krebs cycle of creativity. Reproduced from Oxman (2007). 

& 4. Foundations: perspectives 
and values for science, art, law, 
medicine, and design. Reproduced 
from Owen (2007, p. 21). 
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',)),( ,(  
The study of collaborative purposes in biodesign allows us to 
understand how knowledge is constructed and validated at the 
intersection between design and science. According to Bénony 
and Maudet (2020), complementing Driver et al. (2011), these 
collaborations can be aimed at supporting the commercialization 
of new technologies, guiding the direction of research, or com-
municating science (Figure 5); for this research, we will address 
the first two purposes. In the biodesign classes at the University 
of Los Andes, interdisciplinary dynamics with transdisciplinary 
aspirations predominate, although the equitable integration of 
academic and non-academic actors remains a challenge. Previous 
studies show similar tensions, such as the difficulties in trans-
lating biological knowledge into design (Kennedy et al., 2015), 
and the evolution of the roles between scientists and designers 
toward functions of mediation, mutual learning, ethical provo-
cation, and guidance (Bénony & Maudet, 2020). 

In this study, based on interviews with biology and design stu-
dents and professors, the roles that each discipline assumes ac-
cording to the stage of the project were identified. In the disco-
very phase, the designer was invited and the biologist acted as a 
guide; in the definition phase, the biologist acted as an influencer 
and the designer as an “elastic mind”; in the development phase, 
the designer was an apprentice and the biologist a supervisor; 
and in the delivery phase, the designer became a solitary creator 
and the biologist was excluded. In summary, both disciplines 
advanced experimentally from their own approaches, althou-
gh significant differences were evident in their interaction and 
validation of knowledge (Table 1). 

Based on the information gathered previously and an initial 
approach based on personal experience with biodesign class 
projects, the following hypotheses on transdisciplinary colla-
borations are proposed (Table 2). 

Beyond refuting or confirming hypotheses, the cases analyzed 
demonstrate the ways in which these paradigms operate and 
the differences with respect to the frameworks of thought that 
govern each discipline.

& ,. Collaboration objectives between design and science. Adapted from Bénony and Maudet (2020, p. 559). 
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',)),, 

,(

-01

'-  ,,'( 
,  (') *(, 

(,)(, 2015)

,- ( 
',(')/, 
, ( (',),-
(( ( )., 2011)

'(- (- 
(,,

(, 2007)

,)-./

((- ( ((' 
(',

(( ( )., 2011)

2' )',0

'-    
-,-((( , (( 

 ,-((
(-(-  )., 201B)

-  ( 
',', 

, '('(
(( ( )., 2011)

84

 (  ))() (. .0 ). .2 (2025): ))   (  



'( (-( 

They care about how things are. They worry about how things should be. 

Science explores the unobservable.  Explore the observable. 

They produce new knowledge. Create new experiences. 

They lead the project content.  They lead the process. 

They find their place through interest (they translate the concerns of  
wnon-scientists into their own terms). 

They generally take the lead in organizing the project's schedule and activities. 

They treat biology as a material for design, rather than as a scientific field or 
discipline in its own right.  

)( 1. ( -( , ,),-  (-(  (') , ( , ( '( ( (,(  
 C,  ( (2020)

'( (-( 

Designers tend to view science (in this case, biology and microbiology) as 
an input for design rather than as a discipline with which to collaborate. 
Science is used as a means to an end. 

One of the main challenges when carrying out transdisciplinary work is 
ensuring the equitable participation of all members throughout the project. 

Throughout the project, biologists become the bridges between ideas  
and reality. 

Tools such as prototypes, maps, and field journals, among others, act as 
boundary objects and significantly mediate contributions between designers 
and biologists. They can help improve communication and promote more 
equitable participation throughout the process. 

Collaboration between biologists and designers is generally approached 
through challenge/project-based learning methodology in teams. 

Designers are usually the ones who take the lead in organizing the project 
process and who make the most use of the tools proposed in this process due 
to their familiarity with them. 

Biologists generally feel more comfortable and participate more in the 
research and prototyping stages of a project. Designers tend to exclude 
biologists from the communication stage and feel more comfortable in the 
problem definition and ideation stage. 

The creation of meaning and validation of the biodesign process is negotiated 
according to the collaborative purpose and the stage of the project. 

Including the stage of biologizing the problem in the problem-based 
biodesign methodology can encourage greater participation by biologists by 
incorporating scientific techniques and tools. 

The roles of the biologist and the designer change substantially depending on 
the methodology used to approach the biodesign project (problem-based, 
solution-based, nature-inspired, etc.) and the stages within it (although they 
vary depending on the class, they are generally: explore, interpret, ideate, test, 
evaluate, and communicate) (Figures 13 to 15). 

Biodesign competitions and entrepreneurship are practices that promote 
successful collaborations between designers and biologists/microbiologists. 

)( 2. ,(( , ') ',)),,. ( , C,  ( (2020)
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At this point, it is necessary to identify the values that underpin 
biodesign and guide the construction and evaluation of knowle-
dge, following a logic similar to that proposed by Owen in Figure 
4. This analysis seeks to establish a common objective that ar-
ticulates the various areas that make up biodesign, recognizing 
innovation as a core value of the field and understood not only as 
the introduction of new ideas, but also as maintaining, applying, 
and generating transformations from them. Understanding bio-
design from this value allows us to approach it in a more com-
prehensive way, considering the multiple dimensions necessary 
for innovation to be effective and sustainable. 

,()  ,,) , ,- ,-(( 
0%&-& %0:.*, 
The concept of border objects is key to facilitating collabora-
tion between disciplines with different languages and methods, 
such as design and science. According to Välk et al. (2019), these 
objects are flexible enough to adapt to the needs of each actor, 
but stable enough to maintain a common identity that enables 
the translation and transfer of knowledge. In multidisciplinary 
contexts, diagrams, models, or prototypes function as means 
to represent, learn, and transform knowledge, generating sha-
red meaning. Heinemann et al. (2011) point out that material 
objects in innovation workshops expand collective cognition 
and foster creativity by building mutual understanding in a si-
tuated way. In the studies by Välk et al. (2019), designers took 
on exploratory roles, using frontier objects to materialize ideas, 
while scientists contributed specialized knowledge; prolonged 
work on the same object improved the quality of the proposals, 
highlighting its generative, exploratory, and recording func-
tions. Although the resulting learning is ambiguous, situated, 
and contextual, it is essential for interdisciplinary innovation. 
Thus, applying this concept to the design of transdisciplinary 
tools allows for the creation of meeting points, the negotiation 
of meanings, and the construction of collective knowledge. 

* -'5(,'%(, %1 '((%2*'%( 1%& 3(-&,*(-'() 0'%-,')( .,, 
According to Arocena and Sutz (2003), the relationships among 
science, technology, and innovation have entered a stage of 

greater interdependence, where innovation is understood as a 
social process that both induces and requires change. They add 
that: “social innovations became intertwined with technical 
and productive innovations: companies grew... and the set of 
ideas that could be put into practice increased for that reason” 
Arocena and Sutz, 2003, p. 80). Within this framework, Chanal 
et al. (2011) propose three key dimensions for analyzing innova-
tion: market, technology, and social appropriation, which must 
interact continuously to achieve sustainable processes. These 
three dimensions originate in disciplines related to these prin-
ciples (Figure 6) and, ideally, should constantly interact with 
each other for an innovation to be successful and sustainable. 

Understanding biodesign projects from these dimensions 
allows us to identify necessary adjustments to achieve success-
ful innovation that, among other things, successfully transitions 
from academia to the real world. The relationships between the 
dimensions can be represented by a triple helix system (Figure 
7), where each dimension permeates and transforms the others, 
symbolizing the growth and evolution of the innovation process.
Each dimension responds to different types of innovation de-
pending on the type of novelty, where it occurs, who has control 
over it, and who supports it. As Pinch and Bijker (2008) point 
out, innovation has historically been understood as a novelty 
that, mediated by discovery, arises from science and techno-
logy, although other simultaneous forms are now recognized. 
Figures 8 to 10 summarize some of the most important charac-
teristics of each type of innovation, and Figure 11 incorporates 
the concept of open innovation, which arises when the three 
dimensions operate in a balanced and dynamic manner. This 
paradigm, described by Chesbrough (2003) and cited by Miralles 
et al. (2012), combines internal and external ideas to create va-
lue through flexible business models, while Miralles et al. (2012) 
highlight its emphasis on collaborative knowledge management 
through networks, intellectual property, entrepreneurship, and 
R&D. Open innovation promotes cooperation, transparency, 
and mutual learning, although it poses challenges in terms of 
knowledge integration, results evaluation, and knowledge rights. 
Even so, it constitutes a desirable horizon that offers adaptive 
and collective conditions with respect to the current challenges 
of knowledge production. 

& -. Dimensions of innovation. Adapted 
from Chanal et al. (2011). 
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& .. Dimensions of innovation and open innovation. adapted from chanal et al. (2011), including concepts 
described by arocena and sutz (2003). 
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Three classes from the biodesign program were analyzed as case 
studies; the information for each was summarized in a table 
(Figure 12). The three cases are: 1) Nature-inspired design, focu-
sed on applying biological principles to sustainable solutions; 2) 
Biomoda, aimed at developing biomaterials for the textile indus-
try; and 3) Designing biological systems, which integrate design 
and microbiology to create devices based on microorganisms. 
The analysis sought to understand how students relate to lear-
ning and interdisciplinary collaboration tools, evaluating their 
usefulness and articulation with the dimensions of innovation. 
In case 1, students valued two tools, including the prototyping 
workshop for its ability to generate ideas, promote collective 
learning, and facilitate transdisciplinary interaction, acting as a 
boundary object without requiring full consensus (Figure 13). In 
case 2, scientific tools such as characterization plans and anno-
tated bibliographies were perceived by designers as unintuitive 
(Figure 14), highlighting the need to adjust them to the project's 
objectives. Finally, in case 3, it was observed that different tools 
can perform similar functions with varying levels of effective-
ness, underscoring the importance of their selection and adap-
tation to the collaborative context (Figure 15).

& /. Technical details of the class Designing biological systems/Synthetic biology: designing the future. Prepared by the author based on the 
class syllabus. 
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& ''. Juana's tool evaluation matrix 2. Prepared by Juana using her own template.  

& '0. Sara's tool evaluation matrix 2. Created by Sara using her own template. 

& 1. Maria's tool evaluation matrix 1. Created by Maria using her own template. 
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The conditions and dilemmas that influenced the success or fai-
lure of interdisciplinary collaborations in the cases studied were 
termed paradigms, in reference to the concept proposed by Kuhn 
in The Structure of Scientific Revolutions (1962). Although not all 
of them can be considered definitive paradigms of biodesign at 
this point, they mark the starting point for possible paradigms.

 They were categorized as follows: participants (students, tea-
chers, and advisors). 

1. Experience 
2. Discipline of origin 
3. Stereotypes and invalidation 
4. Group trajectory 
5. Teaching and learning dynamics 
6. Moment of connection 

Conditions of the discipline 
7. Scientific validation 
8. Differences in purposes and starting points 
9. Dealing with uncertainty 

Conditions of the class
10. Tools and exercises 
11. Challenging monodisciplinary logic 
12. Learning from scratch 
13. Negotiated meaning 
14. Translations of meaning 
15. Vote of confidence 
16. Learning imbalance 
17. Disparity between disciplines 
18. Time 

5*%-%%)/ 1%& %3*'('() * 5%- '- *% * .,, ,*3-'- 
The information gathered from the class program and student 
testimonials made it possible to identify the paradigms described, 
as well as the moments, tools, and stages of the project in which 
participants felt more or less comfortable, and those phases that 
presented the greatest difficulties in terms of progress and tea-
mwork. These findings were represented using a spiral model 
(Figures 16 to 18) to analyze the project’s development in rela-
tion to the three dimensions of innovation. Symbols indicating 
paradigms were used for interpretation:  

favorable. 

unfavorable or difficult moments during the project. 

inconclusive. 

In addition, an emotional journey was integrated with emojis to 
represent the emotions of the participants, and each student's 
name was placed in the spiral corresponding to their discipli-
ne of origin.

Although the innovation model considers the analysis of 
cases from three dimensions (market, technology, and social 
appropriation), the academic nature of the projects limited the 
possibility of exploring them in a balanced manner. Therefore, 
this exercise should be understood as a starting point for iden-
tifying the degree of development of each dimension and gui-
ding future research.

(.(./-  
The identified paradigms, together with emotions, testimonies, 
and interactions, constitute an analytical tool for understanding 
transdisciplinary collaborations in biodesign. Based on these 
inputs, socialization sessions were held with teachers (Figures 
19 to 21) in which cases constructed based on student accounts 
were presented in order to reflect on and identify opportunities 
for improvement that would strengthen specific aspects of in-
terdisciplinary collaboration. The main results obtained in these 
sessions are described below. 

')', , ( () 
The analysis of the three cases allowed us to identify common 
lessons learned and specific challenges in transdisciplinary co-
llaborations in biodesign (Table 3). In case 1, the need to stren-
gthen the market dimension and the application context was 
highlighted, incorporating real industry references, the circu-
lar economy to connect biological exploration with sustainable 
scenarios, and methodological adjustments that favor group 
cohesion and experimentation. In case 2, methodological and 
language tensions arose between design and science, especially 
when demanding scientific justification behind aesthetic or ma-
terial decisions. These were addressed through changes in the 
course structure, such as the fragmentation of the fashion sys-
tem and the use of the problem tree to improve methodological 
clarity aimed at improving methodological clarity and critical 
appropriation of knowledge.  

In case 3, the main challenge was scientific validation: stu-
dents had difficulty understanding and applying rigorous scien-
tific processes, which led to the proposal of intermediate exer-
cises that balance theory and practice, promoting a more active 
role for designers concerning scientific knowledge. Across the 
board, the three cases highlighted the importance of extending 
experiences beyond the classroom to strengthen the continuity, 
scalability, and impact of collaborations. 
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& '). Teacher 1 and guest assistant in the class 
during the prototyping session, interacting with the 
socialization tool. Own elaboration. 

& '*. Matrix of objectives, tools, and indicators of 
success for Teacher 1. Own elaboration. 

& '4. Matrix of paradigms and ideation of 
teacher 3. Own elaboration. 

91

 (  ))() (. .0 )(. .2 (2025): ))   (  



Case / 
Subject 

Disciplines 
involved 

Participating  Type of 
collaboration 

Tools and 
methodologies 

Level of 
innovation 

Key findings Conditions 
and dilemmas 
that influenced 
the success or 
failure of the 
collaboration  

0- 1.  
Design inspired 
by nature – 
GreenGuajira 

Design, biology, 
microbiology, 
and biomedical 
engineering. 

Teachers of 
architecture, 
biomedical 
engineering, 
design, and 
science; students 
of design and 
biomedical 
engineering. 

Interdisciplinary 
collaboration 
with the intention 
of migrating to 
transdisciplinarity.  

 Observation 
of nature and 
direct contact 
with biological 
systems. 
Selection of a 
mentor species. 
Identification of 
a relevant active 
principle. 
 Development 
of experimental 
models for 
simulation and 
understanding. 
Formulation of 
design proposals 
with potential for 
application in a 
specific context 
and need. 

It covers the 
technological 
and social 
appropriation 
dimensions 
of innovation, 
although the 
latter is not 
explored in 
great depth. 
The market 
dimension is 
not explored.

Product: a kit 
of spheres 
designed to 
counteract 
salinity and 
nourish the soil, 
which could 
be used to 
transform arid 
land into fertile 
soil. 
Through their 
proposal, the 
team sought to 
promote small-
scale agriculture 
so that 
families in the 
department of 
La Guajira could 
access food 
grown in their 
homes. Through 
their proposal, 
the team sought 
to promote 
small-scale 
agriculture so 
that families in 
the department 
of La Guajira 
could have 
access to food 
grown in their 
own homes.  

Conditions for 
participants 
(students, 
teachers, and 
advisors) 
Group trajectory 
Teaching 
and learning 
dynamics 
Moment of 
Conditions of the 
discipline  
Differences in 
purposes and 
starting points 
Dealing with 
uncertainty 
Conditions of the 
class 
Negotiated 
meaning 
Vote of 
confidence 
Learning 
imbalance 
Time.

)( D:  , '( ',,.

*(e numbering in the last column corresponds to the paradigm named in the section “Categories of potential paradigms”. 
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Case / 
Subject 

Disciplines 
involved 

Participating Type of 
collaboration

Tools and 
methodologies

Level of 
innovation 

Key findings Conditions and 
dilemmas that 
influenced the 
success or failure of 
the collaboration

0- 2. 
Biomoda – 
Penumbra 

Microbiology 
and design. 

Design and 
microbiology 
teachers; 
design 
students.   

Limited  
interdisciplinary 
work.   

Laboratory 
practices focused 
on exploring 
materials. 
Technical 
experimentation 
with materials 
and processes 
applicable to the 
fashion system.  
Practical design 
exercises to 
integrate the 
knowledge 
acquired. 
Development of 
proposals aimed 
at responding 
to the needs 
of the fashion 
ecosystem. 

It focuses 
primarily on 
the dimension 
of social 
appropriation, 
with a great 
effort to justify 
the technological 
dimension, and 
does not explore 
the market 
dimension.

Product: 
biomaterial made 
from gelatin, 
water, eggshell 
powder, graphite, 
and glycerin. 
It arises from 
the problems 
caused by the 
mass production 
of traditional 
buttons, zippers, 
and Velcro, which 
are usually made 
from polluting 
materials such 
as PET plastic, 
resins, nylon, and 
acrylic. 
Learning: 
Theoretical 
and practical 
knowledge to 
explore new 
ways of creating 
fashion through 
a proposal 
that solves 
an identified 
challenge. 

Conditions for 
participants (students, 
teachers, and advisors)
Group trajectory 
Conditions of the 
discipline
Scientific validation 
Differences in purposes 
and starting points 
Class conditions 
Tools and exercises 
Learning from scratch 
Translations of meaning 
Disparity between 
disciplines.

*(e numbering in the last column corresponds to the paradigm named in the section “Categories of potential paradigms”. 

Case / 
Subject 

Disciplines 
involved 

Participating Type of 
collaboration

Tools and 
methodologies

Level of 
innovation

Key findings Conditions and 
dilemmas that 
influenced the 
success or failure 
of the collaboration

0- 3. 
Biological 
systems – 
Microbe 

Design, 
microbiology, 
and biology. . 

Teachers and 
students of 
biological 
sciences and 
design. 

Interdisciplinary 
collaboration with 
initial approaches to 
transdisciplinarity. 

Progressive 
approach to the 
study context.  
Theoretical 
classes focused on 
understanding the 
fundamentals of 
synthetic biology. 
Guided 
experimentation in 
the laboratory. 
Use of design tools 
to prototype and 
communicate 
results. 
Integration of 
scientific concepts 
into innovative 
proposals focused 
on local challenges 
(Figure 12). 

It moves along 
a very even 
path in terms 
of technology 
and the social 
adoption of 
innovation. It 
does not explore 
the market 
dimension.

Product:  
Intervention in 
university trash 
cans using "living" 
lids to produce 
microbiological 
assistance in the 
primary separation 
processes of waste 
management, 
promoting care 
dynamics between 
micro systems 
and the users 
responsible for 
primary separation. 
Learning:   
Introduction 
to scientific 
processes and basic 
understanding 
of biological 
systems to apply 
them in a design 
proposal based 
on the identified 
problem(s). 

Conditions of 
participants 
(students, teachers, 
and advisors)
Experience 
Teaching and learning 
dynamics 
Moment of 
connection 
Conditions of the 
discipline 
Differences in 
purposes and starting 
points
Conditions of the class 
Tools and exercises 
Challenging 
monodisciplinary logic
Learning from scratch 
Negotiated meaning 
Translations of 
meaning 
Vote of confidence 
Learning imbalance 
Disparity between 
disciplines 
Time
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This study analyzed transdisciplinary collaborations in biode-
sign from the three dimensions of innovation (market, techno-
logy, and social appropriation), developing tools to collect and 
analyze the experiences of students and teachers. The paradig-
ms identified allowed for reflection on pedagogical practices 
that strengthen collaboration, highlighting the role of language, 
alliances, connection with the context of application, and the 
link between academia and industry. The dimensions model was 
validated with teachers as a frontier object that facilitates com-
munication and interdisciplinary learning, although it requires 
iterations and greater articulation with existing programs and 
methodologies. More than a prescriptive guide, the methodo-
logy promotes critical reflection on the values of biodesign and 
its contributions to innovation. 

The study was limited to three courses and a single institution, 
which restricts the generalizability of the results. The sample 
prioritized successful experiences and students with high aca-
demic continuity, excluding perspectives that could complicate 
the analysis. Future studies should incorporate failed projects, 
students who dropped out, and teams with no connection to the 
author, in order to identify tensions, obstacles, and structural 
barriers to transdisciplinary collaboration. 

Furthermore, although the approach was transdisciplinary, 
the analysis focused on internal academic disciplines and did not 
include external actors or knowledge, which are fundamental to a 
broad conception of transdisciplinarity. Including communities, 
citizen laboratories, industry, artistic collectives, non-academic 
experts, and local knowledge would allow for an analysis of the 
negotiation of epistemic and ethical boundaries in biodesign. 

These considerations have curricular implications: biodesign 
requires pedagogical structures that recognize its hybrid nature, 
with spaces for interdisciplinary encounters, mechanisms for 
conceptual translation, time for experimentation, evaluation 
criteria that are sensitive to methodological diversity, and sus-
tained links with external actors, strengthening the coherence 
of courses and their alignment with the innovation ecosystem. 

Finally, avenues for future research are opened up: applying 
the methodology to other courses and institutions; creating re-
positories of good practices and frontier objects; exploring the 
role of emerging technologies (generative AI, advanced biofa-
brication, accessible biological analysis tools); and incorporating 
external actors to understand how transdisciplinarity redefines 
the relationships between universities, society, and innovation 
ecosystems. Taken together, the study provides a conceptual and 
methodological framework for analyzing transdisciplinary colla-
borations in biodesign and their contribution to debates on inno-
vation, sustainability, and scientific-creative training. Far from 
closing the discussion, the research invites further exploration of 
new lines of research on training in transdisciplinary contexts.  

.1,0' 0(-,.,(- 
The study was conducted in accordance with ethical princi-
ples of informed consent, confidentiality, transparency, and 
risk minimization. Although initial consent from teachers and 
students was obtained as part of a degree project, the evolution 
of the project into an academic publication has required obtai-
ning additional specific consent for dissemination in a journal, 
informing them about the nature of the publication, the mate-
rials included, and their right to approve, modify, or withdraw 
their participation. In the absence of authorization, photogra-
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described by Arocena and Sutz (2003). 
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& '0. Human-centered innovation: behavior and social appropriation as a guide. Adapted from Chanal et al. (2011), including concepts 
described by Arocena and Sutz (2003). 

& 1. Business- and enterprise-centered innovation: market success as a guide. Adapted from Chanal et al. (2011), including concepts 
described by Arocena and Sutz (2003). 
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& '-. Innovation model with the Greenguajira project 
from the nature-inspired design class. Created by the 
author based on testimonials from students who carried 
out the project. 

& '.. Innovation model with the Microbio project 
from the Biological Systems class. Created by the author 
based on testimonials from students who carried out the 
project. 

& '/. Innovation model with the Penumbra project 
from the Biomoda class. Created by the author based on 
testimonials from students who carried out the project. 
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