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Preface

In a world shaped by constant transformation and global interconnectedness, design emerges as

a bridge between people, places, and ideas. Cumulus Monterrey 2024: Design Across Borders -
United in Creativity invited the international design community to reflect on the profound potential
of design to transcend cultural, geographic, and disciplinary boundaries, uniting us in the shared

pursuit of innovation, inclusion, and positive change.

This edition of the Cumulus Proceedings gathers contributions that respond to urgent questions:
How can design foster empathy and intercultural understanding? In what ways does it become
a catalyst for social transformation in a complex, globalized world? Can design truly become a

universal language—and what are the challenges in achieving that ideal?

The richness of perspectives represented in these proceedings speaks to the global nature of the
Cumulus network. Authors, researchers, educators, and practitioners from across continents have

come together to share insights, experiences, and provocations within four thematic tracks:

+ Design for Change explores design’s role in social innovation, sustainability, equity, and the
circular economy—highlighting projects that place co-creation and inclusion at their core.

* Speculative Futures ventures into emerging territories shaped by technology, artificial
intelligence, and immersive experiences, imagining the future of creative practice.

+ Education in Art and Design focuses on pedagogical innovation, interdisciplinarity, and the
challenges and opportunities of digital transformation in global learning environments.

+ Translocality brings critical attention to issues of migration, decolonization, and the Global
South, recognizing the importance of diverse voices and perspectives in shaping a more

equitable world through design.

Together, these contributions reflect a collective commitment to harnessing creativity as a force
that transcends barriers—linguistic, political, cultural—and brings people together around shared

values and visions.

We are proud to present this volume as a testament to the power of design to imagine, inspire, and
unite. May it serve not only as a record of this important moment in time but also as a spark for

continued dialogue, collaboration, and transformation in the global design community.



Design Across Borders: United in Creativity
Lorenzo Imbesi
Full Professor, Sapienza University of Rome

President, Cumulus Association

The Cumulus Monterrey 2024 Conference marked a timely and vital moment in the global
conversation about the role of design in shaping a better world. Hosted at the prestigious design
institutions of Tecnolégico de Monterrey and Universidad de Monterrey (UDEM), the international
gathering has been further enhanced by the unique Monterrey's rich heritage and cultural
identity, contributing to a thriving ecosystem of creative exchange for scholars, researchers, and

practitioners across various design disciplines.

The central theme of the conference, “Design Across Borders: United in Creativity,” provided

an inspiring gateway for exploring how design holds the possibility to transcend geographical,
cultural, and disciplinary boundaries. In particular, the conference was framed by four imperative
trajectories: “Design for Change,” investigating how design practices can drive social innovation
and sustainable development; “Design Futures,” exploring the interplay between technology and
creativity, immersive experiences, virtual realities, and the implications of artificial intelligence;
“Education in Art and Design,” investigating pedagogical approaches in the field; and “Translocality,”
addressing complex issues of migration, decolonisation, and North-South dynamics. Themes

highlight the broad scope of contemporary artistic and design pursuits.
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At the heart of the conference was a shared recognition that design can be a dynamic force for
empathetic understanding and intercultural dialogue. Through a rich program of keynote lectures,
panel discussions, workshops, exhibitions, and informal exchanges, the international community
demonstrated determination to work collaboratively across geographical and cultural divides,
confirming the foundational premises of the conference: that creativity knows no boundaries, and
through design, we can forge connections that transcend the limitations of space, time, and cultural
difference. In an era of unprecedented global challenges, from climate change to technological
acceleration, from cultural conflicts to social inequities, designing without boundaries means
identifying areas of commonality, intersection, and convergence, highlighting them in ways that
resonate with and reflect the spirit of our transborder region. As traditional confines between
nations, disciplines, and cultural contexts become increasingly permeable, the design community
must find itself uniquely equipped to harness this fluidity. Rather than resisting uncertainty, design
must embrace it, transforming constraints into opportunities for innovative problem-solving and

cross-cultural exchange.

The proceedings collected in this edition offer an extensive variety of perspectives on the ideas and
projects discussed at the event. They include case studies, speculative work, educational reflections,
and practical strategies, all pointing to the evolving role of design to shape societal interactions,
encouraging intercultural dialogue, and building a more harmonious and interconnected world.
However, these proceedings capture only a portion of the energy and insight shared during the
conference, with the remaining impact continuing to reverberate through ongoing collaborations

and dialogues within our global community.

As we move forward, the conversations from Cumulus Monterrey 2024 remind us that creativity
thrives not in isolation, but in community. And in a time marked by division and uncertainty, design,
when practiced with care and intention, can truly serve as a bridge. One that brings us together to

learn, to act, and to imagine a positive change.
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ECO-DATA INFORMED PROCESSES.
NATURE AS A CO-DESIGNER TO FACE
ENVIRONMENTAL CHANGE.

Ami Licaj*?, Marco Marseglia®, Giuseppe Lotti¢, Elisa Matteuccid,
Francesco Cantini¢, Tommaso Celli.

a,b,c,d,ef, Architetcure Department, University of Florence
*ami.licaj@unifi.it

ABSTRACT | change is a feature of the Earth’s evolution, manifesting itself through
imperceptible shifts or radical transformations that spread across time and space. However, the
climate crisis introduces alterations of unprecedented scale and speed, challenging the natural
order. The goal is to address crises by preserving the environment and exploring new paradigms
in ecology, society and technology, translating scientific insights into design to address social and
environmental challenges. This research embraces the transformative potential of integrating
natural processes with design to address pressing global challenges.(Haraway, 2015; Kohn, 2021)

Nature has long been a muse and mentor in design, inspiring innovative and sustainable
solutions. This research explores how emerging biodesign and biofabrication technologies can be
harnessed to create digital design processes, specifically data visualization, that not only respect
ecological balances, but also promote principles of interspecies cooperation. Techniques such as
Living Building Materials (LBM) (Alemu et al., 2022), Engineered Living Materials (ELM) (Wang et
al., 2022) and others are discussed to explore how they could be implemented in the DIKW (data-
knowledge-information-wisdom) process of data visualization.

This approach, part of the transition to the circular economy, defines a post-

Anthropocene future (Rognoli et al., 2021), emphasizing co-creation with natural processes. It
presents ecologically informed design as a methodology that can integrate digital and biological
innovations to promote the embodiment of processes that respect the rhythms of nature in
design practice.

Based on these considerations, we investigate the possibilities of incorporating bioinspired
strategies in the digital domain, particularly in the field of data visualization. Our goal is to
study how these processes can advance the domain, fostering a deeper connection with and
for nature. The research aims for a shift in design paradigms to include more holistic, nature-
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informed processes that align with environmental sustainability models and promote the use
of natural strategies as a key component for innovation. In addition it aims to integrate these
practices in the educational field, preparing the next generation of designers to think critically
about the environmental impact of their digital work.

The contribution proposes the development of Data-Informed Ecological Processes, which
combine digital technologies with biomimicry principles to create innovative and sustainable
alternatives to conventional data visualization methods. The research proposes the development
of data-driven ecological processes, integrating digital technologies and biomimetic principles to
create innovative and sustainable alternatives to traditional data visualization methods. These
processes will culminate in the development of an application methodology, leading to the
realization of a workshop for design students in the later stages of the research. This scientific
contribution will introduce new practices and processes in the fields of design and education.
The methodology will act as a catalyst for further applications, including new design courses in
which solutions inspired by nature and its strategies will be explored and integrated into data
visualization processes.

In conclusion, this contribution advocates for a future design paradigm where nature and
technology harmonize, utilizing biofabrication and biomimicry to develop sustainable design
solutions. This approach aims to transform data visualization practices, promoting an eco-
conscious and integrated design methodology that offers low-energy solutions, thereby
advancing conventional data visualization methods.

KEYWORDS | DATA-VISUALIZATION, CLIMATE CHANGE, BIOMIMICRY,
NATURE, SUSTAINABILITY
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1. Introduction

Humanity is facing a global emergency due

to climate change and biodiversity loss,

which threaten both the environment and
social structures. To address this crisis,
technological solutions alone are not enough;
a fundamental change in thinking and lifestyle
is required.

Design plays a crucial role in this
transformation, acting as a catalyst

for change. Designers must adopt an
interdisciplinary approach to envision a
sustainable future, integrating technology
with purpose and promoting a renewed
relationship between humanity and
nature. This new paradigm underscores
the importance of innovative design in
overcoming challenges and leading us
towards a better future for the planet. In
this context, there is a need to establish a
new shared narrative that encompasses
overcoming global crises, a critical reflection
on the contribution of new technologies,
increased awareness of sustainability
challenges, and a rethinking of our current
development model. (Lotti, 2021)
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Building on these premises, we explore the
potential synergies between design and
biodesign. Specifically, this contribution
investigates the possibility of integrating
biodesign strategies into the digital domain,
particularly in the field of data visualization.
The objective is to examine how these
innovative approaches can advance the
sector, enhancing our understanding of
complex phenomena and leveraging its
principles to enrich the visual representation
of issues related to the global emergency.

2. Background

2.1 Bio-integrated design strategies,
from emulation to integration

Change belongs to our world. In any age of
Earth everything is changed sometimes little,
sometimes radical, so it's the way of the
things that our world is destined to change.
Evolution is itself a constant change permuted
during the time. The Changing is bound by
two factors: time and space. The change
brought by the climate crisis is anomalous,



because these two factors are anomalous:
a changing too fast and too wide. From the
data collected in the IPCC (Special Report on

Emissions Scenarios) some experts associated

the emission of CO2 with global temperature
increase evaluated the rise up about 2.5 Cin

less than fifty years (IPCC, 2018). This speed of

changes is incompatible for the adaptation of

living beings, inducing on the living beings that

can move, a kind of “forced transhumance”,
with dangerous consequences on surviving.
It was observed that the majority of living
beings that can move, are migrating from
the protected areas, it's estimated that only
8.02% have residence expectations of 100
years at least in these areas.(Loarie et al.
2009) In conclusion, the changes brought
by the climate crisis are happening on
multiple levels, this means the scenario we
see unfolding is not only worrying and in
continuous evolutions, but also chaotic.

Amidst the challenges posed by
contemporary crises, the emulation of
natural processes emerges as a guiding
ethos for shaping design strategies towards
greater sustainability, efficacy, and efficiency.
Embracing the paradigm of nature as a
model, measure, and mentor (Benyus, 1997)
has sparked renewed enthusiasm among
designers. This has catalyzed the creation of
projects that draw inspiration from biological
principles, demonstrating an evolving
engagement with biomimicry.

Recent growth of interest in biology has
prompted designers to create design
solutions that increasingly incorporate a

hybrid approach (Langella, 2021). Numerous
individuals have spoken their views on this
issue, particularly in recent years, resulting
in a significant increase in contributions.
Emerging fields of study include Biomimicry
design (Benyus, 1997), Biomimetic design
(Vincent, 2006), Biophilic design (Wilson,
1986), Biodesign (Myers & Antonelli, 2012;
Ginsberg & Chieza, 2018; Dade-Robertson,
2020), and Bio-integrated Design (Cruz &
Parker, 2022).

The concept of biodesign is complex and
multifaceted, as demonstrated by the
numerous views presented by academics
and experts in the discipline. It can be
defined as the integration of biology into
design processes, with the aim of improving
functionality. The growing interest in

the principles of biodesign involves the
incorporation of biological processes into
numerous design disciplines, including
architecture, fashion, product design and
interface design, highlighting its ability to
infiltrate and impact various fields (Myers
& Antonelli, 2012; Ginsberg & Chieza, 2018;
Dade-Robertson, 2020).

This application of biomimesis at a systemic
level has become widespread in recent
years, especially within the academic design
community and has led to a significant
increase in companies and design studios
that have an interest in entering this field.
See, in this regard, the virtuous case history
Officina Corpuscoli from which the brands
Mogu, Ephea and, more recently, Sgqim were
born. These realities show how the topic of
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biodesign is growing, especially with regards
to biofabrication

In particular, the term “biofabrication,
borrowed from medicine (Moroni et al,

2018), refers to a method for fabricating
materials using living cells like, for example,
microorganisms - fungi, microalgae, bacteria-.
Recent biofabrication techniques offer the
possibility of developing innovative types of
materials such as Living Building Materials
(LBM) (Alemu et al., 2022) or Engineered
Living Materials (ELM) (Wang et al., 2022). This
type of materials allows design to define new
concepts co-created with natural processes
and is part of the transition from a linear
economy to a circular economy and defines a
post-Anthropocene future (Rognoli et al., 2021).

The panorama of biofabricated design offers a
wide range of examples that demonstrate the
increasing use of microorganisms such as fungj,
algae and bacteria in the production processes
of materials and semi-finished products.

As an example, Mogu and Ephea are leaders in
the production of indoor and fashion products
based on fungal mycelium, while Solaga and
Faber Futures focus on the use of microalgae
for filtering solutions and natural pigments.

Biomason, on the other hand, stands out
for the production of organic cement, using
microorganisms to reduce carbon emissions
in the construction industry.

Finally, in the textile sector, Colorifix and
Living Color propose biological dyeing
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processes based on bacteria, offering
sustainable alternatives to artificial dyes.
These examples illustrate the growing adoption
of bio-inspired design approaches, highlighting
the crucial role of biotechnology in addressing
environmental challenges and promoting
sustainability in manufacturing sectors.

As we have carefully explored the impact
and application of biofabricated materials

in physical design, the natural question that
emerges is how these methodologies can
be effectively applied in the digital domain,
leveraged by the livingness of microorganisms
But how can we reinterpret the use of
digital technologies, no longer as detached
entities from our natural environment, but
as integrated tools capable of mimicking,
respecting and amplifying natural cycles and
strategies?

2.2. Living artefacts as environmental-
sensitive interfaces for regenerative
ecologies.

The concept of Living artefacts (Karana et

al., 2020) stands as a pivotal paradigm in
biofabrication and biodesign, promoting
prolonged livingness of organisms (e.g.,
fungi, algae, bacteria, and plants) to use time,
enabling novel interactions, functions, and
expressions in our daily life.

One of the core principles of Living artefacts
concern the way humans experience the
livingness of these objects, namely Living
Aesthetic (Karana et al., 2020). This occurs by
noticing the changes of different type, degree,



and duration occurring in the sensorial
qualities (e.g., colour, smell, texture), form,
and movement, as interface of their biological
phenomenon (e.g., growth, reproduction, and
decay) which is affected by environmental
inputs (e.g., temperature, moisture, light).
Indeed, microorganism offer designers
opportunities to endow artefacts with
environmental sensing and adapting abilities.

Leveraging computation to mediate these
inputs broadens the spectrum of possible
inputs to be used, and on the other hand
allows digital systems to expand the range

of outputs towards more tangible, profound,
and critical experiences. Exemplary instances
of these hybrid systems have been developed
in the field of Bio-Human-Computer
Interaction (Bio-HCI).

The concept of Living Bits (Pataranutaporn

et al., 2020) is presented as the integration

of microorganisms in, with and as computing
systems, in the attempt of outlining and
inspiring the possibility for integrating
organic and regenerative living systems in
human-computer interaction. This research
analyzes a rich spectrum of example projects
within microbial HCI. They characterized

and systematically studied the utilization

of microbes as biological interfaces in each
project across scales and applications.

They identified and compared the unique
advantages between digital and biological
computers, including energy sources (e.g.
water, nutrients, and gas, such as oxygen) and
the flexibility of microbes. Examples include
producing pigments or fluorescent molecules

for visual cues or releasing scents as olfactory
cues. In addition, they categorize the use
cases of microbes through a design rationale
and proposition into different application
domains of microbial interfaces, e.g.
communicate and materialize. Finally, they
characterized the design elements of Living
Bits according to scale, including interface and
interaction scales.

Living Color Interfaces (Groutars et al., 2022)
explores specifically the use of Flavobacteria,
able to grow in highly organized colonies
producing vivid iridescent colorations.

The research provides insights on the

type, degree, and duration of change in
Flavobacteria's expression, i.e., their living
aesthetics. The study introduces a capturing
tool to characterize these changes concerning
form, texture and iridescent color. To support
the long-term study of their living aesthetics,
they designed Flavorium, a bio-digital artifact
sustaining Flavobacteria for a month. Potential
applications include a living monitor showing
the user’s physical activity by connection with
their smartwatch or living label indicating a
houseplant’s wellbeing.

The case of Flavobacterial Displays is further
explored as an example of Microbial Displays
(Kim et al., 2023), generating three concepts:
Flavo in Situ, a Circular canvas left open and
exposed to the sea, displaying microbial
growth; Flavo's Night Out, a night club dance
floor, which accompanies clubbers and
music with a magnified and ceiling-projected
live footage of swimming Flavobacteria; and
Environmental Modification, a living street
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display reflecting Earth’s lands and oceans
shape and colors. Using genetically modified
Flavobacteria, which sense air quality
changes and trigger dynamic displays to
raise awareness about pollution. Ultimately
this research proposes a Taxonomy of
Surfacing Livingness in Microbial Displays,
consisting of six microbe-sensitive, tuneable
mechanisms for human noticing of
microorganisms: 1) Canvassing, 2) Marking,
3) Magnifying, 4) Translating, 5) Nudging, and
6) Molecular Programming.

Cyano-Chromic Interfaces (Zhou et al., 2023)
tackle the issue of temporal dissonance in
microbe-embedded artifacts, where the
inherent “time lag” in human perception of
subtle microbial metabolic changes might
impede seamless interactions and timely
attention to the living components within
these artifacts. In addressing this challenge,
they introduce Cyanochromic Interface, in
which photosynthetic activity of cyanobacteria
(Synechocystis sp. PCC6803) is timely surfaced
by an electrochromic (EC) material. They
developed different application concepts toy
instantiate how the interface can be tuned for
diverse functional and experiential outcomes
in living artifacts, some of these are a Daylight
Log, in which at low light conditions, its EC
units fade its color, “requesting” humans to
unfold the artifact exposing the cells to more
light, and leaving a visible trace for humans to
notice and to reflect on their interaction with
the artifact over time and a Mushroom Shade,
in which its electrochromic unit darkens
under excessive sunlight, casting a protective
shadow on the fungi body below, allowing
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users to delicately care for each cluster of
fruiting bodies by “planting” the shade.

These examples make evident how
biomaterials and living organisms can be used
to materialize environmental data, potentially
encouraging a connection between user and
the environment. In this respect, the following
section explores the state of the art on eco-
informed perspectives for innovative data
visualization processes.

2.3. Nature’s Blueprint: eco-informed
perspectives for innovative Data
Visualization processes

Nature offers a vast array of solutions and
strategies for design, promoting sustainability
and impact reduction. The plant kingdom's
ability to store information and make
decisions is a key strength, as is its intricate
communication networks (Mancuso, 2019).
This collaborative effort ensures resilience
even under harsh conditions. Design has been
influenced by nature since ancient times, with
spider web-inspired fishing nets and plant-
fiber artifacts. Digital and biotechnological
advances have expanded knowledge
exchange beyond traditional production
processes, promoting a shift towards design
in harmony with nature. This connection has
evolved significantly with the advent of digital
and biotechnological advances.

The digital field must explore innovative
strategies to balance technological
advancement with environmental
sustainability, particularly in resource-limited



contexts. De-digitalization, which does not
mean abandoning digital technology, involves
realigning it with sustainability principles
inspired by nature. The goal is to achieve

a harmonious integration between the
technological and natural worlds, enhancing
design practice’'s communicative effectiveness
while adhering to environmental principles.
This requires an eco-informed methodology
for designing materials and products,
addressing contemporary environmental and
social challenges, and envisioning a future
where design aligns with natural cycles. This
approach involves employing bio-inspired
and bio-based methods to enrich traditional
Data Visualization processes, fostering a
deeper connection with nonhumans and
incorporating nature’s strategies into problem
framing and solving.

Historical examples illustrate the profound
connections between humans, non-humans,
and artifacts. The Incan Quipu system, used
around 2000 B.C., employed ropes and knots
as an early data visualization tool to document
community life and culture (Harley et al.,
1987). Similarly, Tegan Bristow's examination
of Vernacular Algorithms (2021, 2022) reveals
that African isizulu beadwork incorporated
binary code principles, representing an early
form of complex information encoding. These
cases highlight the deep ties among societies,
artifacts, and the natural world, suggesting
that artifacts can play a role in eco-systemic
and ethical communication.

Building on these examples supports
envisioning a future where design and

technology evolve towards sustainable and
ethically oriented practices deeply connected
to our relationship with nonhumans.

2.3.1. Nature-Inspired Design: Merging
Digital and Ecological Systems

The integration of nature-inspired design
principles into man-made artifacts is driven
by several key motivations. Firstly, it fosters
sustainable design by aligning creative
processes with natural cycles, thus reducing
environmental impact. Secondly, it enhances
data visualization by addressing traditional
methods' limitations in capturing ecological
complexity. By incorporating natural patterns
and strategies, new ways of representing
data can be discovered, making it more
accessible and meaningful. Finally, leveraging
nature’'s advanced information processing
systems, such as mycorrhizal networks,

can lead to innovative data visualization
paradigms, creating a deeper connection with
users and promoting a better understanding
of complex phenomena.

Previous research (Licaj & Matteucci, 2023)
highlights concepts like Data Walking, which
involves collecting data through walking in
natural environments to foster a collaborative
exploration between humans and nature.
This method offers a holistic view of complex
systems. Sensing Chromatism explores how
color variations in nature communicate
information, enhancing the relationship
between design principles and non-human
communication. Sound Datafication inverts
traditional data-sonification by transforming
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natural sounds into data for design projects.
The BioViz approach advocates for Eco-
Data Informed Processes, integrating digital
technologies with biomimicry principles

to offer alternatives to conventional data
visualization methods.

Examples include “Atlantic Wonder” (Vezzani
et al., 2021) and “Data Meditation”, which
promote nonextractive practices and deeper
human-environment dialogue. NASA's use of
nature-inspired color palettes enhances public

engagement through “semantic association”
(Crameri, 2020; Samsel et al., 2018), while
Marco Loi's carpets combine Sardinian

sound recordings with Al-generated textile
designs, blending auditory experiences with
textile art (Sbarbati, 2021). Additionally, The
Material Experience Lab’s FlavoMetrics (fig.1)
uses microorganisms like Flavobacteria for
interactive design experimentation, merging
biology with digital technology (Risseeuw

et al., 2023).

This synergy between digital and natural
worlds has the potential to redefine
information design practices, leading to a
more eco-aware and integrated approach to
data visualization.

Figure 1. FlavoMetrics. On the left, the interactive digital tool that could support the design process with different living

media. On the right, a colony of Flavobacteria increases in size over time and shows a wide variety of colors, ranging

from purple and red to the more dominant green tones.
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3. Methodology

Building on the opportunities and limitations
addressed above, this paper proposes

a methodological approach aiming to
incorporate the principles deriving from
biomimicry, biointegrated design and
biofabrication, bio HCI and Living Artifacts, in
the different phases of the Data Visualization
through “Eco-informed” processes. This
methodological proposal is rooted in the
structure of the DIKW (Data-Information-
Knowledge-Wisdom) model that describes
how Data (D) once aggregated turns into
Information (I) which then leads to Knowledge
(K) of a given phenomenon and consequent
Wisdom (W). According to Nathan Shedroff
(2000) and Lankow et al. (2012), it is defined
as the most suitable model for describing the
Data Visualization process.

Through a careful analysis of selected case
studies, this research aims to highlight the
feasibility and effectiveness of using eco-
informed strategies in the practice of Data
Visualization, thus demonstrating their potential
to enrich and innovate the whole process.

This approach not only emphasizes the
importance of inspiration from the living
world for sustainable and innovative solutions,
but also promotes greater environmental
awareness and holistic integration of digital
and bio-innovation-inspired strategies in the
field of information representation.

After the initial exploration of case studies
that establish a relationship between the
DIKW process and biodesign, a detailed

analysis of data visualization opportunities in
biodesign was conducted, focusing primarily
on the Knowledge-Wisdom phase. Cases
were selected based on specific criteria: the
use of living microorganisms and the ability
to visualize data in established forms of data
visualization. These cases were analyzed

by classifying them according to kingdom,
species, and visualization method. The result
was an initial compilation and articulation

of the potential for integrating biodesign
and data visualization, advancing towards
ecological data visualization.

Finally, the research led to the proposal of

a biodesign-inspired educational program
aimed at bridging the gap between the

fields of data visualization and biodesign.

The course structure also included the
integration of the already tested tool such as
the “Biodesign Agenda” (Marseglia et al., 2024)
and the development of a “BioViz Handbook”,
which will be further developed in the next
steps of the research.

4. Results: From Data to
Knowledge Eco-Informed process

Below, the various theoretical and applicative
dimensions suggested by the selected
examples will be examined in detail following
the flow of the DIKW model, defining the
following taxonomic classification of the flow
of processing, translation and assimilation of
the information message.
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4.1. Data, the living and non-living world
as a spontaneous source of Data.

In the first phase of this process, the non-
human domain serves as a broad and
spontaneous source of raw data. In this
context, the main objective is to observe

and record phenomena within ecosystems,
biodiversity and biological processes,
exploring the inherent patterns, rhythms and
structures that regulate the balances of the
biosphere. These may include interactions
between species, patterns of growth and
evolution, and transformation processes in
their most basic form. The goal is to recognise
the living and non-living world as a vast
repository of data that can inform design and
inform sustainable innovation.

A representative example is the “Grass Map”
project (fig 2). It is an innovative approach at
the intersection of urban ecology and data
science, with the aim of analyzing urban

Grassimap
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grass as a natural color palette to understand
the environmental characteristics of urban
spaces. Treating grass color as a critical
interface between humans and nature,

the project hypotheses that these shades
can reveal insights into the surrounding
environment from both cultural and scientific
perspectives. Involving the public in the data
collection process, participants contribute
grass samples from their areas, fostering

a personalized and tangible connection

to the research. The unique color palette

for each zone is linked to environmental
data such as the Air Quality Index (AQI),
exploring the interaction between air quality
and visual aspects of urban greenery. This
method deepens the participatory nature
of environmental research, highlighting

the potential of exploiting environmental
features as a source for data collection and
fostering a closer relationship between
community participants and empirical
environmental insights.
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Figure 2. Grass Map project website. Every image is mapped and associated to different data as AQI (air quality index): is

a number used by government agencies to communicate to the public how polluted the air currently is or how polluted

it is forecast to become.
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Two main approaches can be found in this
first phase:

- Eco-sourcing of data: Favour data
collection from natural sources or use
methods that minimize its environmental
impact.

- Bio-inspired data collection techniques:
Employ biomimicry in data collection tools
and techniques, drawing inspiration from
the efficiency and adaptability of natural
systems.

4.2. Information, aggregations and
correlations between data

During the information framing phase, data
collected from both the living and non-living
realms are consolidated and examined to
discern patterns, trends and connections.
This phase requires the interpretation of data
through the lens of human cognition to create
compelling narratives about complex issues,
including those related to climate change

or societal shifts. A deep understanding of
conservation trends and biological dynamics
is crucial to devise the most effective
methodologies to transform raw data into
actionable insights. The ultimate goal is to
uncover the symbiotic relationships that
pervade the natural world, thereby extracting
valuable insights to inform ecoinformed
design principles.

An example of this approach is the work of
Entangled Others Studio in which ecology,
scientific research and generative art are

fused through the skillful use of advanced
digital technologies, including artificial
intelligence. This creative effort focuses on
articulating the intricate relationships within
ecosystems, resulting in visual narratives that
emphasize the concept of biodiversity.

The “Decohering Delineation” project (fig.3) in
particular uses neural networks together with
oceanographic data to visually represent the
interconnectedness of marine ecosystems.
While these projects underline the firm’s
commitment to fusing digital innovation with
ecological issues, they also call for a critical
examination of the environmental impact of
digital technology. The reliance on massive
computational resources and artificial
intelligence underlines a tension between the
aesthetic and educational ambitions of digital
art and its ecological implications, inviting a
reassessment of digital practices in favor of
more sustainable approaches.

At this stage, the approaches used can be
summarized as follows:
- Biointegrated Models: Incorporating
biological principles into the design of
visualization tools and interfaces, aiming
for sustainability and adaptability.

- Nature-inspired Encoding: Design

data visualizations that mimic patterns,
structures and processes found in the
natural world, improving comprehensibility
and engagement.
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Figure 3. The Decohering Delineation project. On the left, a photo from the exhibition. On the right, a diagram of

how using marine data as a driving influence, multiple neural networks are entangled through quantum computing,

producing an entangled output.

4.3. Knowledge, the transposition of
non-human communication models

The knowledge stage is where the aggregated
information is further synthesized to develop
deeper insights and frameworks that can
address complex contemporary issues.

This involves transposing communication
models from the non-human world to

human contexts, extracting principles of
organization, adaptation, and resilience found
in nature, and applying these to problem
framing and solving. For example, studying
the communication networks of fungi or the
collective behavior of insects could inspire
new ways of managing data, enhancing
connectivity, and fostering collaborative
problem-solving in human systems. The aim is
to interrogate the living and non-living world
in order to extrapolate the most suitable
strategy to be used for the production of a
communicative artifact.
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An example of this approach is the
experiments by Andrew Adamatzky of
the Unconventional Computing Lab at
the University of the West of England on
Physarum Polycephalum.

Scientists at the lab discovered that the
propagation process of this single-celled
organism can significantly contribute to seeing
and predicting certain phenomena, such

as the organization of the railway network
(Adamatzky, 2013) or migration routes
(Adamatzky, & Martinez, 2013). These results
highlight a paradigm shift towards a more
organic and less digitally-centered approach
to data visualization. In essence, this shift to
biodesign and living artifacts represents a
significant step away from traditional, purely
digital data visualization techniques, embracing
a more integrated, designinfluenced process



that capitalizes on innate problem-solving
strategies found in nature.

At this stage, the following approaches could
be identified:

- Biofabrication for Data Visualization:
Using biofabricated materials and
processes to create physical models of
data, offering a tangible and interactive way
to understand complex information.

- Bio HCl techniques: Integrating biological
elements and principles into HCI to create
more intuitive and natural user interfaces
for data exploration.

4.4. Wisdom, sharing knowledge to
raise awareness

The climax of the Eco-informed Visualization
process, embodied by the Wisdom phase,
represents a critical point at which the insights
mentioned in previous phases converge,
paving the way for innovative approaches to
data interpretation and representation.

This phase traces trajectories towards
unexplored domains to systematize models
that are deeply influenced by both the living
and non-living realms.

The aim is to experiment with new
communication languages that not only
convey information, but are capable of
engaging the audience on a deeper and more
intuitive level by exploiting the principles that
govern the entire ecosystem.

Referring to this the research identifies
two pathways for new solutions in the eco-

informed data visualization process:
- Living artifacts integration: This approach
involves the creation of artifacts for data
visualization through collaboration with
other living organisms, exploiting their
characteristics of growth, adaptation
and reaction to changing environmental
conditions, thus embodying the dynamic
and interconnected nature of the data to
be represented. Visualizations employing
living artifacts act as a tangible bridge
between the abstract world of data and the
palpable reality of life, offering the viewer
an immersive experience that highlights
the symbiotic relationship between human
activity and the natural environment. By
integrating biological processes into Data
Visualization, these artifacts encourage a
deeper understanding and appreciation
of data, offering the possibility to visualize
those issues that are characterized by
continuous variation in time and space.

-+ Combining biological and technological
processes: This principle emphasizes

the integration between technological
progress and natural processes, ensuring
that the tools and methods used in data
visualization coexist in balance with the
principles of sustainability and ecological
awareness. This vision challenges us to
rethink the role of technology in design
practice, proposing a model in which
digital and bio-innovative strategies
co-exist synergistically to enhance our
understanding and translation of data
and its wider implications. By taking a
holistic view, this approach emphasizes
the importance of considering the ethical,
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environmental and social impact of our
technology choices, guiding us towards
more responsible and sustainable practices
in data visualization.

Ultimately, the wisdom phase of the eco-
informed data visualization process pushes us
to look beyond the traditional boundaries of
Data Visualization processes to explore new
ways of solving problems by incorporating
techniques inspired by the non-human

world. This phase promotes the adoption

of strategies informed by nature, inviting

us to re-imagine the way we visualize and
communicate complex topics.

5. Discussion

5.1. Biodesign and Data Visualization.
First practical examples of BioViz

The “Visualization through biology” table
[Table 1] provides a foundational synthesis of
the research’s original contributions, offering
a practical guide for using living organisms
to create innovative and bio-inspired data
visualizations. It serves as a reference for
students in educational programs to select
specific organisms for data visualization,
indicating the type of chart each organism
can generate. This bio-inspired approach
integrates natural elements into the data
visualization process, presenting novel
solutions for representing datasets.

The table categorizes information into
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Kingdom (biological kingdom of the organism),
Species (specifies the species used),
Visualization Method (describes the type of
chart that can be generated), and Reference
(provides the citation of the scientific article
or study). It is designed to assist in identifying
which organisms to use for specific datasets
and the resulting type of chart or visualization
method. For example we can see how, in the
kingdom of Protists, the organism Physarum
Polycephalum has been studied for its maze-
solving abilities, as described by Nakagaki

et al. (2000).

Using this organism, the position of the

seeds can trace the trajectory of lines in a

line chart, and other possible visualization
methods include the trend line, transit map,
and network chart. In the kingdom of Fungi,
Ganoderma Lucidum, described by Tang

et al. (2023) for its high spore yield, can be
used in a bubble chart, where the weight and
position of the seeds determine the size of the
bubbles. Other possible visualization methods
include the Voronoi chart, packed circle chart,
polar chart, and radar diagram, each using
seed weight parameters. In the kingdom of
Bacteria, Streptomyces Coelicolor, according
to Chieza and Ward (2015), can be used to
develop a dot density diagram, where the
chemical composition of the growth medium
determines the population density of the dots.
Other possible visualization methods include
the Voronoi chart and the convex treemap.
Serratia marcescens, discussed by Venil et

al. (2021) for pigment extraction, can be
visualized with a convex treemap. Escherichia
coli can be used to design schemes based on



the position of the agar/seed, as shown in the project by Jelte van Abbema. Paenibacillus vortex
can be used for a flow map to represent the architecture of the colony, as well as a radial area
chart. In the kingdom of Plantae, Chlamydomonas Reinhardetii can be used to visualize a heat map,

where the amount of light is represented by color saturation, as described by Colliaux et al. (2015).

Protist | Physarum Line Seeds Nakagaki, T., Yamada, H., & Toth,
Polycephal | chart, position | A. (2000). Maze-solving by an
um Trend = Line amoeboid organism. Nature,

Line, trajector | 40/6803), 470-470.
Transit y

map,

Network

Fungu | Ganoderma | Bubble Seed Tang, C., Tan, Y., Zhang, J., Zhou, & -

S Lucidum chart weight+s | S., Honda, Y., & Zhang, H. (2023). \ "
eed A novel strain breeding of . —g
position | Ganoderma lucidum UV119 @ \
= Bubble | (Agaricomycetes) with high A
size spores yield and strong resistant

ability to other microbes’
invasions. Foods, 123), 465.

Voronoi Seed
chart weight+s
eed
position
= Area
size

packed Seed

circle weight+s

chart eed
position
= Circle
diamete

r
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Polar
chart

Seed
weight =
chart
extensio
n

Radar
diagram

Seed
weight =
radar
extensio
n

Bacter
ia

Streptomyc
es
Coelicolor

Dot
density
diagram

Growing
medium
chemical
composi
tion =
dot
populati
on
density

Chieza, N., & Ward, J. (2015,
March). Design in the age of living
technology. In Proceedings of the
2nd Biennial Research Through
Design Conference (Vol. 2).

Voronoi
chart,
Convex
Treemap

Seed
weight+s
eed
position
= Area
size

Bacter
ia

Serratia
marcescens

Convex
treemap

Seed
weight+s
eed
position
= Area
size

Venil, C. K., Dufossé, L.,
Velmurugan, P., Malathi, M., &
Lakshmanaperumalsamy, P.
(2021). Extraction and application
of pigment from Serratia
marcescens SB08, an insect
enteric gut bacterium, for textile
dyeing. 7extiles, 1(1), 21-36.

Bacter
ia

Escherichia
coli (Not
sure)

Any

Position
of
agar/see
d=
Scheme
design

https://www.dutchdesignawards.
nl/gallery/jelte-van-abbema/
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Color
saturati

Reinhardtii

Bacter | Paenibacill | Flow Position | https://www.dezeen.com/2015/0
ia us vortex Map, of seed 9/14/ori-elisar-grows-letterforms-
Radia = lab-using-bacteria-filled-petri-
Area Architect | dishes-hebrew/
Chart ure of
colony
Planta | Chlamydo | Heat Amount | Colliaux, D., Giraud, L.,
e monas map of light = | Yéprémian, C., Bessiére, P., &

Droulez, J. (2015, July). Probing
models of minimal swimming

on vehicules in vivo with microalgae
phototaxis. In European
Conference on Artificial Life 2015.

Table 1. Visualizing through biology

5.2. Outlining innovative educational
pathways

The contribution proposes a new educational
pathway based on the integration of biodesign
and biofabrication methodologies and tools
with principles of data visualization.

In relation to the bio-informed processes
described above, this approach lies between
Knowledge and Wisdom. This initial
exploration will allow for the development of
further experiences at scale in the later stages
of the DIKW process.

Through the development of this initial
methodological proposal, the aim is to
transform the conventional approach to data
visualization, replacing digitally constructed
processes through classic visualization
software with biological strategies and
biofabrication processes. The intention is

to find a correlation between the function

expressed by traditional graphs used in data
visualization and the behavior of certain living
organisms, seeking to employ this behavior
to represent specific types of information or
data. By learning the correlations between
these conventional visualization tools and
the natural processes exhibited by specific
organisms, students can understand new
techniques for representing information. For
example, the growth dynamics of bacterial
colonies or the behavioral strategy of
organisms like Physarum Polycephalum can
serve as graphical analogs for representing
complex data sets, providing a highly
communicative and biologically inspired
visualization method.

This interdisciplinary and systemic approach
allows for the creation of projects that
represent complex phenomena related to
climate and environmental emergencies.
Not only does it demonstrate the potential
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of integrating biodesign and biofabrication
principles into the data visualization process,
but it also promotes interdisciplinary
collaboration and the creative resolution of
what are known as wicked problems (Rittel &
Webber, 1973).

Specifically, the program of the educational
pathway could be structured as follows:

1. Basics:

- Introduction to Biodesign and
Biofabrication: Overview of key concepts,
methodologies, and tools. Introduction to
biological materials (e.g., bacterial cultures,
physarum polycephalum, agar plates) and
biofabrication tools (e.g., incubators, petri
dishes, growth mediums)

- Introduction to Data Visualization: Review
of traditional data visualization techniques
(graphs, histograms, etc.) and conventional
visualization softwares (e.g. Flourish,
Rawgraph, Tableau, etc.)

2. Integrating Biodesign with Data
Visualization:

- Theoretical Framework: Explore the
relationship between traditional data
visualization functions and the behaviors of
living organisms.

- Case Studies: Present examples of
successful integration of biological
strategies into data visualization.

- Classification and selection of biological
materials: Identify and select organisms
based on specific characteristics—such
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as changes in saturation in response to
UV light or growth patterns influenced
by their medium—to provide innovative
alternatives to conventional graphs and
histograms.

- Delivery of the “BioViz Methodology
Handbook”: an open-source guide

for integrating biodesign with data
visualization. This handbook will include
methodologies, best practices, and tools
for developing bio-inspired visualizations.
It will feature a curated selection of
organisms whose unique traits can be used
to craft novel alternatives to traditional
data representation methods.

3. Hands-on Experimentation:

- Through the “BioViz Methodology
Handbook,” professors, and experts,
participants are guided in the development
of a bioinspired visualization process.
Participants engage in laboratory work
sessions to kick off their projects. Using
the methodologies and tools provided,
they develop their own biological data
visualization projects. Once the projects are
developed, each group presents their work
to the rest of the students. This is followed
by a feedback session, where facilitators
and peers offer constructive feedback on
the projects, helping to refine and improve
the visualizations.

The structure of the program, from basic
concepts to practical experimentation, shows
a possible comprehensive application of the
principles described in the paper. Moreover,



it emerges how this kind of pathway not

only improves educational practices, but

also promotes sustainability and responsible
innovation in design. Moreover, the described
pathway can be adapted to various time
scales, from a short workshop to a multi-
month course or even a Master’s program.

For shorter formats, such as workshops, it is
critical to consider the reaction times of the
microorganisms involved in biofabrication
such as the case of those microorganisms
whose reactions become visible after perhaps
seven days. This requires careful planning
and, potentially, prepreparation of some
biological materials to ensure that participants
can observe significant results within the
workshop time frame.

In longer formats, such as a multi-month
course or a Master's program, there is

more flexibility to delve into processes

and observe the full life cycle of biological
transformations. This allows for more detailed
study and application of bioinspired design
principles, giving students a richer and more
comprehensive learning experience. By
adapting the length of the program to the
needs and constraints of the educational
context, the educational track can provide
designers with methods and tools for more
sustainable and innovative design actions.

6. Conclusion

In conclusion, adopting eco-data informed
processes marks a significant step towards a
sustainable future, where digital and nature
merge to address environmental challenges.
Through the application of bio-inspired
strategies, we aim to tame entropy in our
design systems, fostering solutions that
honor natural cycles and dynamically adapt
to environmental needs. This approach not
only strengthens the bond between humanity
and nature but lays the groundwork for
system design deeply rooted in principles of
sustainability and responsible innovation.

The outlined research suggests a path where
design and digital collaborate in harmony with
the environment, leading us towards more
sustainable and aware practices identifying a
set of strategies to modify Data Visualization
processes in all its key steps which: Eco-
sourcing of data, Bio-inspired data collection
techniques, Biointegrated Data Models,
Nature-inspired Encoding, Biofabrication for
Data Visualization, Bio HCI techniques.

By rethinking data visualization through

these lenses, we can create more meaningful
and impactful representations that resonate
with natural processes and cycles. This

holistic integration not only enhances our
understanding of complex phenomena

but also promotes a deeper environmental
awareness and ethical approach to innovation.
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In conclusion, merging bio-inspired strategies
with digital innovation offers a transformative
path for data visualization, encouraging
sustainable and adaptive practices that

honor and reflect the intricate dynamics of
our natural world. This integrated approach
paves the way for a future where design

and technology work in harmony with

nature, fostering resilience and sustainable
development. The research also includes in its
future developments a series of steps such as:

- Collection of large amounts of case
studies in order to outline a database of
strategies that could be used to design
BioVisualizations.

- Making this catalog accessible through a
platform in order to provide a useful tool to
researchers and designers
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