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ABST�CT

If you could trap a moment of painful sorrow or a deep joy, what form would 
you like to keep? This project is exploring how designing with biology can 
allow new sets of affordances and ways of expressing and interacting with 
the artifacts. Hence to this idea, the researcher is exploring the concept of 
crystalizing tears and turning them to gold, both metaphorically and literally. 
Showcasing how wearable made of living things could allow us more humane, 
poetic, and symbiotic relationships, compare to transactional interactions we 
currently have with wearables based on computation.

As the outcome of the project, the researcher uses a biochemical 
phenomenon to commemorate chapters in life. Beyond that, the researcher 
is opening a field of what could be possible in the context of designing with 
biology and biological matters, how we are going to use them, and what kind 
of relationship we could build, as we move from machines to organisms, from 
pixels to cells.

In its core, the researcher desired to show that Interaction designers must 
become material researchers, rather than inhabiting in the realm of familiar 
mediums. And this is what this thesis is all about, and hopefully, it does not 
stop there.
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P�-INTRODUCTION

It’s early spring, my father and I are heading to our 
Olive trees, we pack our tools, portable radio, and a 
bag of broad bean seeds. We arrive, my father takes 
some time to find his favorite radio station in the 
middle of nowhere. I am probably just wondering 
around, also, a bit rebellious, asking why we need to do 
this? Why on earth would anyone plant broad beans 
under olive trees? Anyway, we dive into work, at some 
point, my father takes one grown broad bean out 
from the soil, and points at small bags in the roots of 
the plant, “This, Ivan, are small bags of nitrogen, and 
nitrogen makes insects away from our Olives.” At that 
moment, rebelliousness stoped, followed by a moment 
of understanding nature complex relationships, 
symbiosis, and communications that I never knew 
before.

15ish years later, I’m starting with my thesis. This time 
I’m planting a seed for future frontiers that will allow 
me to experiment and explore uncharted scenarios 
using design and ethics as a torch in the darkness. 
As a designer, I want to place myself between 
experimental technology and the manifestation 
of the same in a human’s life and environment. I 
believe that in the future, the designer’s role will be 
far more beyond aesthetics and experience inside 
of a product. As a professional, we have to find a way 
of being a mediator in this complexity and advocate 
for sustainable and benevolent development of 
technology and our relationship with it.

The relationship between Biology and Technology 
is going through a significant transformation. 
Advancement in Synthetic Biology and Biotechnology 

will change how we grow, use, and un-use things 
around us1. Nevermore, we, as designers, have a 
responsibility to create and discuss why and how we 
want to use a particular technology, and what kind 
of relationship we want to design between users and 
products.

How will Biology play a role in this new era? What 
happens if products become alive? How could 
relationships and ownership change if our products 
could live, grow, or die because of our actions or 
behaviors? What kind of reflection and experience will 
these properties provoke?

In this thesis, I want to explore these questions, and 
by looking at biological affordances, I would like to 
challenge myself as a designer to work in a new field 
that will allow me to understand how to build products 
that are far more complex than simple input and 
outputs transactions.

The researcher is proposing ways of building products 
that will have an impact on how the individual 
will perceive themselves and society. How new 
affordances could allow us to treat humans as far 
more complex and capable being, avoid molding 
experience in the form of tap or swipe.2

Planting a seed
---  Somewhere in Korčula
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INTRODUCTION

Biological Affordances & Aesthetics of Interaction 
is a research thesis that serves as a cornerstone 
for researchers' affinity towards biology and 
biotechnology. As the researcher started to diving into 
a field of biology, drawing on the notion of affordance 
as being one of the significant impacts when it comes 
to the influence of the medium while designing with it, 
the researcher became inspired by the new types of 
interactions, perception, and co-existence with living 
things.

Coming from an Interaction design background, a 
lot of the practices in this profession is influenced by 
mechanical/computational technology. Affordances of 
our today's machines drastically defined how current 
Interaction design practices are established and 
practiced. Using Biology as a radical shift in design 
medium, the researcher proposes a new mental model 
that interaction designer and other similar design 
fields will have to build from scratch, with new values, 
moving away from the mechanical thinking model. 
When on/off become inhale/exhale, are we still going to 
work with the same tools and way of thinking?

Moreover, in this thesis, the researcher is trying to 
understand the broader meaning of designing with 
biology, what are the application and implications 
of creating with such a medium. Biology as a design 
medium is no doubt novel, but already explored 
medium, in most cases used in the realm of industrial 
design, where the medium is served mostly in a "dead 
form," where a biological medium is "frozen" serving 
as a mold for a cast. This is where the researcher 
sees immense potential for the Interaction Design 

field to explore how to design with biology by treating 
it as a living medium. As a place where this thesis is 
happening, the researcher found wearables to play an 
exciting roll in the mediation of biology in humans' lives. 
Having something that is living thing and acting as an 
extension of a more spacious living thing was found to 
be an exciting area of exploration. Moreover, wearable 
as mediator brought many different questions related 
to relationship, ownership, and ethics. Therefore 
research outcome was followed by several fields that 
touched on these topics, proposing new perspectives 
and frameworks on how to build a relationship, what 
is meaning of longevity in living matters, as well as in 
its core of the thesis, exploring affordances of living 
things.

In the process of the thesis, the researcher was giving 
his best at treating his subject with respect, creating 
humble and respectable interactions with living 
things, exploring biological affordances of a body 
to understand ourselves better, acting as a mirror, 
or a new definition of our values. When it comes 
to elevating taken decision, design practices, and 
perspectives, the researcher surround himself with 
experts such as biologists, engineers, data scientist, 
and designers, leveraging all voices equally in all parts 
of the process, striving to develop a sensibility for 
agnostic medium thinking in contemporary design 
practices, unbiasedly taping in the unknown.

Defining vocabulary
Throughout the project, the researcher felt the need 
to define new naming and labels to balance the power 
structure, draw the line between overlapping and 

“Mouse is a single 
X-Y combination on 
a screen, and that 0 
dimensional point is 
what UI thinks of you”3 
----  John Underkoffler, on mouse cursor.
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similar terms, and represent a deeper, more specific 
meaning to the broad term.

Host - Person who's carrying bio wearable.
Bio Wearable - Wearable made out of or inhibited by 
living things and biochemical processes.
Affordance - Affordances are an object's properties 
that show the possible actions users can take with it, 
thereby suggesting how they may interact with that 
object4. Thus James Gibson covered the pragmatic 
definition of Affordances. The researcher is also 
interested in psychological and relationship as an 
attribute to affordance.

Collaboration partners
During the thesis, the researcher collaborates or has 
been mentor by:
Teresa Frisan - Professor in Cell and Molecular Biology 
at Umeå University
Chris Nyffler - Design Director at IDEO
Ale Argenio - Lead Designer at IDEO
Giulia Tomasello - founder of Alma (Future Flora)
Alumni Teachers and external tutors at Umeå Institute 
of Design, Sweden

introduction

At the beginning of the thesis, the researcher started to brew Kombucha, as the thesis "amuse-
bouche," and it was supposed to be served during presentations. Due to school lockdown, it was 
never served at the presentation but consumed and highly enjoyed by classmates (I believe so).
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RESEARCH

Imagine a world in which products become alive, how 
would you treat them, what kind of relationship would 
you build with them? 

This was one of the leading questions that followed the 
researcher throughout the thesis project, acting as a 
provocation to the idea of imagining things made out 
of living matters. The researcher hypothesized on the 
idea, that as we move from machines to organisms, 
from pixels to cells (fig. 1), we won't change just the 
medium, but the entire world around it. The biological 
affordances and aesthetics of interaction will influence 
production, social behavior, material affordances, and 
many more of the layers that will be affected by this 
transformation5.

In this transformation, the researcher mapped 
multiple points that were investigated. Those are 
relationship, place, affordances, and the aesthetics of 
interaction, while shaping the thesis research question, 
and where this provocation could take its place. The 
researcher became fascinated by wearables as a 
starting point to investigate these influences. How 
current, (digital) wearables are used, and how Bio 
wearables could be used.

The current digital wearable is capable of monitoring 
and providing us feedback in the form of digital 
data. While when it comes to Bio wearables, the 
ability to extract different kinds of data, and, not only 
quantifying them into a digital data but also using them 
to act as a full enhancement and extension of a human. 
Using the host's biological outputs not just as an asset 
in the form of data, but as the main building block of 

a wearable. Whereas for feedback, the researcher 
investigates and prototypes the idea where feedback 
is not only in the form of quantified analysis but also 
as a biochemical reaction as immediate feedback of 
certain states or behavior.

Bio wearable was made in collaboration with 
biologists from Microbiological Department at Umeå 
University, led by Teresa Frisan, Ph.D. We prototyped 
the manifestation of symbiotic relationship, map the 
affordances of biological materials, and provoke new 
kinds of interaction paradigms, using Bio wearables 
as a medium of exploration between host and living 
things.

Building bridges and languages
Finding common ground in conversations was 
one of the necessary objectives to create healthy 
communication and potential collaboration. As a 
researcher, coming from a design background with 
elementary knowledge in biology and chemistry, it was 
inevitable that to create a collaborative environment, 
approach towards how to talk about design, and how 
to talk about biology as non-expert will be a quite of a 
challenge. Without being adaptive in communication 
and research, this project would face many obstacles 
from the very beginning.

Surprisingly, these communication issues were not 
just found in communication between designer <> 
scientist, but also within the design community. Any 
party that was interviewed with a lack of knowledge 
from one of these two fields were showing a lot of 
interest in the area of biology and design, but missing 

Imagine the world 
in which products 
become alive!
---  Note to a reader

Pixels

Machines

Cells

Organisms

Fig. 1 - Illustration of transition from Machines to Organisms, from pixels to cells.1
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a lot of concrete examples on the outcomes from this 
type of collaboration. So in most cases, broadness 
and novelty of the area brought more questions than 
answers to the type of methods, ethics, and feasibility. 
Therefore early in the research, it was essential to start 
to poke to the areas where a researcher can be more 
specific towards the ambitions and interests. While 
speaking directly with the interviewers on the issue 
of communication, they found it to be a project within 
itself. Some of the approaches were briefly explained/
explored within the chapters inside of the research.

The researcher found the easiest way to engage with 
experts by showing them examples of work that has 
been done around the area of Biology and Design/
Art—mainly showing the projects that have been done 
in institutions such as MIT Media Lab, RSA, MoMa 
NY, etc. The level of scientific and artistic research in 
these projects was a good material to give a specific 
example of what is possible within the collaboration 
between the biologists and designers. Other than a 
project from mentioned institutions, great attention 
was given to the independent projects, such as one 
from my advisor Giulia Tomasello, project Future 
Flora6.

In the early research phase, one of the experts was 
giving special attention to the researcher's initial 
brief, Teresa Frisan, Ph.D. professor at Microbiological 
Department at Umeå University. As communication 
became more frequent, from a couple of Lab visits 
to sharing a workload, Teresa was found to be a 
collaborator or vital importance in this thesis. Without 
her many of the progress in this research would be of 
much smaller magnitude. Thus, Teresa is Biologists, 
the field of biology is quite big, and the researcher 
finds himself facing a wall of knowledge in certain 
areas. But having an expert in a specific part of the 
biology was enough to have a good understanding of 
what field we need to tap in, to have a better vision 
where to go with the research.

In a sense, act as a scout in terms of further contacts 
to the experts, proofing the scientific papers and 
analyzing briefs in terms of feasibility, relevancy 
in the area of biology as well as discussing ethics 
while speculating on potential approaches. This 
communication highly defined the success of this 

as new ways of interacting with wearable.

The researcher is proposing a new way of designing 
wearables as well as a mental model, where wearable 
itself is not just a mediator or a sensor. Treating 
biometrics and human outputs as a building block 
of a wearable, moving from articulation (biodata) to 
definition7 (bio biochemical), (Fig. 3).

What was interesting in this model for a researcher, 
was the notion of the possibility to build wearable 
based upon value and relationship that can be 
established between the host and Bio wearable. How 
can we design an artifact, being not just medium, 
but the whole thing itself? Where data and vitals 
collected inside of the artifact, are creating artifacts 
and interaction unique to every host and living 
thing. Designing with these principles, we can start 
imagining relationships in which affordances are 
extending beyond properties and function. In a sense, 
the underlying idea of this model of thinking is to 
move from the model of fluid assemblages8 to unique 
assemblages.

Thus in this thesis, the researcher is mainly interested 
in a pure biological feedback loop. The researcher 
is aware of the advantage of merging biology and 
computation, creating hybrid wearable capable of 
storing qualitative data while providing feedback in 

thesis, in a pure sense, showed what is the role of the 
designer while being mediator instead of an expert.

*Throughout the thesis report, "Researchers" is 
referring to Student, Ivan Kunjasic and Biologist, 
Teresa Frisan.

Defining Bio wearable
The researcher defined Bio wearable as anything 
embodying human flora and working as an extension 
of a body, made out of and working with biological 
matter. Thus, Bio wearable, as 'classical" wearable 
is capable of collection and interpretation, in case of 
Bio wearables collection is happening by collecting 
pure biological matters (proteins, minerals, etc.), and 
using accumulated assets as a building block for 
biochemical processes as a result of interpretation 
(feedback).

Contrast between today's wearables and 
Bio wearables
After defining what is Bio wearable, in this chapter, the 
researcher is distinguishing relations between digital 
wearables and Bio wearables beyond the function.

Current (digital) wearables are even though carried 
by a human, not human-aware, and can't understand 
the user deeper than his hearth beats or GPS location. 
The essential difference of digital wearable is in its 
mental model, wearable as a medium between user 
and data. Body tracking devices, smartwatches, are 
use biometrics as an asset that needs to be translated 
into a form of data, mostly numerical one. This is 
where researcher found the fundamental lack of 
the digital wearable while extracting the info or the 
vitals from the body in a digital form (binary code), 
the quality of the data is compromised, as well as 
a feedback loop which is as soon as measured and 
collected, leave the body and existing in the form 
a dataset on a cloud (fig. 2). Here, the researcher is 
stating the issue of that model, in which the form 
of quantification limits the possibilities to create a 
qualitative method of expression.

And this is where the researcher started to look into 
how affordances of biology could be used to propose 
a new way of exploring and interpreting data from the 
human body, and representation of the same, as well 

biological and digital form (Fig. 4). Later in the report 
was found to be an interesting model for building the 

"Internet of Living things" feedback loop. Although 
the definition of new categories and values is a topic 
that goes beyond this thesis and its timeframe, the 
researcher took these models as a helpful tool for 
articulation rather than a definition. Sketching these 
models helped the researcher to develop a path 

researchresearch

Fig. 2 - Sketched model of  "digital" wearable feedback loop.

Fig. 3 - Sketched model of  Bio wearable feedback loop.

Fig. 4 - Sketched model of a hybrid wearable, between 
biology and computation.
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toward a "fluid" mental model in his research and 
design practice, as well as it's opened a way towards 
researching the quality of relationship as one of the 
biggest assets of a Bio wearable.

From mechanical mental model, to fluidity
The result of previous definitions and models brought 
the researcher to the conclusion that to work with 
these types of affordances, matters, and properties, 
we will need to shift our focus from mechanical 
mental model to fluidity. While designing with living 
things, the researcher is looking into what the actual 
type of information we are dealing with, and ways 
of interaction could be created with Bio wearable. 
Moreover, one of the ways to tap into fluidity was to 
look at the potential relationships within the models 
and types of interaction.

The researcher started to explore different types of 
relationships, where things are being developed and 
designed in a way that is benefiting a host, as well 
as Bio wearable, moving from linear (transaction) 
interaction to the complex interaction of mutual 
benefits (communication).

Symbiotic relationship
There is a notion that Bio wearables could create a 
shift in how we perceive technology on our bodies, 
hypothesizing how our wearables will become alive. 
The researcher has been looking into human emotions 
and reactions towards Bio wearable. Speculating 
that biological matters can create more natural 
behavioral changes of a host. The research was done 
through different qualitative and quantitative research 
methods, from which researchers, together with the 
experts (biologists, engineers, and designers), create a 
framework model on how potential relationships could 
look. In observation and discussion, the researcher 
found a lot of examples with biology were the output 
of design was to "freeze" a process of biology, but how 
to design with the loop of life. Instead of halting biology 
and its processes, we can start understanding and co-
designing with them.

In the study of the symbiotic relationship, the 
researcher engaged the participants by showing 
them different types of examples of the symbiosis, in 
most cases, from macrobiology. For instance, the one 

between trees and humans, humans producing the 
nitrogen, trees producing the oxygen (Fig. 8). From 
the examples, participants were asked to sketch 
imaginative symbiotic relationships with their favorite 
products, giving the researcher a perspective on how 
the new product spectrum is capable of having a more 
profound relationship beyond one-way linear action-
reaction.

In the spectrum of symbiosis, the researcher was 
interested in "Mutualism" as a primary form of 
symbiotic relationship, while other types served as 
speculation on ethics.

A concept of symbiosis was not treated as one of 
the potential directions in concept development, 
but rather as an essential component of building 
principles, of what designers should strive for when 
designing with living things. Those principles helped 
the researcher moving from the current way of 
designing a feedback loop to one of the mutual 
benefits. And even start thinking about how to create 
social components between living things and host.

Here is vital to bring biological affordances and the 
human's perception of living things. The symbiotic 

research

Action 

Reaction

Action 

Reaction

Action 

Reaction

"Current" way of relationship designed between 
humans and "silicon-based" products. Regardless of 
the intelligence. 

This feedback loop of mutual benefits is an 
extended model of two-way action<>reaction 
communication. In this one, the researcher 
is hypothesizing potential communication 
between humans or living things outside 
of the host<>wearable level. This sketch 
is a conversation starter on what type of 
information would these stakeholders share, 
and how the communication will look like. 

When it comes to two-way action<>reaction 
communication, today's systems are intelligent 
enough to provide us this feeling. But as symbiotic 
experience, these products have an agenda of serving 
users regardless of the levels of the communication. 
Action or reaction started from either user of the 
product is to "benefit" user.

relationship is becoming much more potent and 
present in people's perception and treatment. 
These patterns can be found most commonly in a 
relationship between humans and animals or plants, 
while with experts, it was between humans and 
microbiota or microflora. Further investigation is 
required when it comes to different types of living 

Human & Plant 
Symbiosis

Human & Wearable 
Symbiosis

Fig. 8 - Sketched model of current(familiar) and plausible 
(unknown) type of symbiotic relationship.

8
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things. But in this research on relationships, these 
categories were found as sufficient center for the 
interviews and research.

Implications of symbiosis
When it comes to types of symbiosis, throughout the 
research between participants, the discussion was 
mainly focused on mutualism or commensalism. While 
frequently in the discussion, the problem of the agency 
would arise. The researcher brought these questions 
in conversation with scientists, where they discuss the 
implications of symbiotic relationship, for example, an 
issue of pathogenic behavior. Organisms, especially 
bacterias, might die, evolve, or not even want to be 
in symbiosis. As one of the potential approaches 
to this issue, scientists point to the idea of creating 
organisms from scratch, completely creating a new 
DNA. While this was one of the possible research 
topics to explore, the researcher addressed it to 
belong more to the mechanical mental model, where 
we are using technology to brute force a desirable 
outcome. Having fluidity as a desirable mental model 
and one of the principles in this investigation on the 
relationship, the researcher didn't proceed with this 
type of research. Focusing on known relationships and 
addressing parasitism as one of the ethical concerns 
while designing with living things. 

After some period of researching potential ways of 
framework development, being influenced by time and 
school lockdown, this idea was put on hold, and later, 
hopefully, it will come back in some other research.  

Analogous research on relationship - 
symbiosis
At this point of research, it was fruitful to look at 
analogous examples, providing the researcher with 
different perspectives on many other aspects, types 
of the relationship and the application of the same. 
One of the analogies that the researcher found most 
interesting and fruitful for this research was in an 
interview with Nikola Kerzic, Beekeeper, and Professor 
at the Department of Fisheries, Apiculture, and 
Special Zoology in Zagreb, Croatia, who's working on 
the idea of training bees to spot landmines.9 During 
the war for independence from 1991-1994, Croatia 
suffered from numerous fields being turned into land 
mines.

Since the war ended, 123 people have died and 206 
injured by stepping on the mine. Scientists' effort 
was to learn how to talk with nature and get rid of 
mines. In his extensive research, Kezic and his team 
are successfully training Bees to smell landmines, 
swarming nearby them, while drones are above them, 
capturing ultraviolet images of bees concentration. 
Later, they translate them into the high-resolution 
map, with the exact position of mine. This was one of 
the examples where I was entirely taken by the notion 
of learning from nature and collaborating with living 
things to solve problems that no technology could 
solve in a better way, with cheaper or higher accuracy.

During an interview, the expert drew on the note of 
the social intelligence of bees, seeing them as a great 
resource to study behavioral science. How do bees as 
a collective decision on the direction of flying? How do 
they decide where to inhabit next? It's something that 
even sociologists and economists are fascinated by, 
and it's something that the researcher found to be a 
fruitful area for designers as well! (Fig. 9).

To conclude, the research on the symbiotic 
relationship, the topic itself, was too big and fruitful to 
cover in this thesis. Still, it was undoubtedly beneficial 
for later research and concept development, and it 

Beside unwanted types of relationships, biology, 
with its fluidity, was found to have an interesting and 
ethically challenging component when it comes to 
symbiosis and fluid feedback loop. That's something 
that a researcher named "no undo." If we look at the 
mechanical model and current way of relationship 
with wearables user can undo unwanted actions or 
consequences. In the case of dealing with biological 
matters, this quality is not possible, in fact, quite the 
opposite. This quality of biology was taken further in 
concept development, as an interesting quality of 
biology in later concept development, as well as an 
interesting area of research on consequences and 
ethics in relationship building.

Creating a framework for prototyping symbiosis
Searching for a way to engage with participants 
in workshops or while talking with scientists, the 
researcher felt a need to create a framework for 
prototyping symbiotic relationships. Creating a set 
of prototypes were the host can wear something, 
cultivate or live with it, and then observe what kind of 
behaviors or rituals came out of that. In this framework, 
symbiosis will be highly determined by the core need 
of the living thing. Therefore researchers mapped the 
spectrum relationship, separating them on essential 
to additional elements between host and living things. 

is an eye-opener for how to develop sensibility when 
designing with living things. This learning followed the 
researcher throughout the entire journey of the thesis, 
and what qualities we could create while tapping 
into the field of designing with biology. Later in the 
development of sacrificial prototypes, the researcher 
outlined potential concepts that acted as a direct 
example of a symbiotic relationship.

Skin as an interface
When we talk about wearables, the skin is one of the 
essential focus points that influence the aesthetics 
of interaction, form, and relationship. In extensive 
research of skin microflora, inputs, and the outputs of 
the skin from the internals to externals, the researcher 

was fascinated by the role skin has on the body as a 
communicator. Especially when it comes to outputs 
released from a body in the form of toxins or fluids, 
and what those outputs are saying about human.

Skin, in this study, was described as an interface, 
which is no doubt, the most complex and robust 
interface, and an essential part of what makes humans.

In joint research with a biologist, researchers found 
microbiota to be an interesting subject to explore. 
During this research phase, researchers were 
conducting interviews with a specialist in the area of 
skin microbiota at Karolinska Institute, who helped us 
identify the right paths and gave us valuable research 

researchresearch

Action 

Reaction

Action 

Reaction

Action 

Reaction

Fig. 9 - This model was drawn as inspiration from analogous research. Speculating on how 
communication expanded on a social level, where a mesh of hosts and bio wearables are cre-
ating "Interner of living things". Inspired by the Bees' behavior, the researcher is questioning 
how will society look like if we could act as a superorganism, and what type of qualities and 
pieces of information are necessary, for that type of interaction.

9

Fluids

Bio Wearable

Skin

Fig. 10 - Model of fluid as medium between body(skin) and 
Bio wearable.

10
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Skin as bridge, fluids as a mediator
In this chapter, the researcher is exploring 
relationships. That relationship starts with the touch, 
touch between the inside world and the outside world. 
And in the middle is skin, a thin layer, rich enough 
to give us the sensation of a feeling such as a touch, 
humidity, temperature, while keeping our organs 
and body protected from pathogens and external 
environment. With that role, the skin as an organism 
has the responsibility of being a communication 
bridge between inside and outside. Inside, toxins, 
sweat, tears act as a response of inside organs to 
the outside environment. While on the outside touch, 
humidity, temperature, gram-positive bacterias (Fig. 11).
As noted in the previous chapter, fluids were found 
to be interesting outputs of the human body and 
its manifestation on the skin. From there, fluids 
such as sweat, tears, and partly saliva were taken 
into further investigation. The researcher mapped 
the components of the fluid, health-related to the 
human, both physical and psychological (emotional) 
wellbeing, treating the skin as bridge and fluids as a 
mediator between body and Bio wearable. Further 
research was taken on fluids, separately from the skin, 
which helped identify the values and qualities of their 
components and their relationship to hosts' physical 
and psychological wellbeing, regardless of where they 
are manifested. 

Fluids
In this extensive research on fluids, researchers 
found that it's possible to trace the emotional well-
being of a human depending on the fluids, in this case, 
sweat and teras. In the research on psychological 
sweating, researchers found parameters and values 
that showed the possibility to identify the human 
psychological state, such as stress, anxiety, fear, or 
just physical activity10. A deeper analysis of sweat was 
conducted on sweat glands11. 
The following research was conducted on tears, where 
researchers looked into the validation of the possibility 
to identify tears of happiness, sadness, or a reflex or 
basal tear. In the research conducted by scientists 
on collecting tears via tear film, researchers found 
changes in amino acids as well as indifference in 
concentration between proteins, minerals, etc. The 
research was conducted by showing participants 
emotional videos to elicit tears of sadness. From 

references and scientific papers, as well as their 
practical and philosophical inputs on our research 
topic. This was useful to be sure that we are tapping 
into an area where we can develop or think about 
concepts "in situ."
 
In the synthesis of this study, researchers found 
fluids such as sweat and tears to be interesting and 
vibrant output from a body on the skin. Researchers 
continued to investigate the area of fluids as a 
potential medium between body (skin) and Bio 
wearable, acting as an output from the body and the 
input to the Bio wearable (Fig. 10). As the next step, the 
researchers mapped the fluid components and the 
moments when these fluids are manifested based on 
humans activities, health, and emotional state.

their analysis and predictions, their reports found 
higher lysozyme and lactoferrin level in reflex tears, 
and higher protein content in emotional tears in 
comparison to basal tears.12

In one of the interviews with scientists, he addressed 
the importance of protein in tears called lysozyme, 
describing it as an "easy to crystalize" enzyme. 
Lysozyme, as a protein, is one of the most potent 
natural antibacterial and antiviral compounds known 
to humans. Other than in teras, lysozyme is also 
present in other fluids in the human body, such as 
saliva or sweat.

Besides lysozyme crystallization, researchers 
addressed multiple uses-cases with lysozyme, for 
instance, to power bio wearables by generating 
mechanical energy to electricity. Lysozyme, as an 
enzyme, is antibacterial. It can attack the cell walls 
of bacteria and weaken them, which was found as 
an interesting quality while working on non-invasive 
wearables sensitive to external factors, serving as a 
shield.

To continue with research on lysozyme, for the initial 
investigation researcher collected his tears in a 1.5mm 
Eppendorf tube, which was crystallized in the Lab, and 
later observed in a microscope. The beauties of the 
tears were breathtaking, the researchers being moved 
by what they saw, they decided to continue with tear 
collection to prepare additional studies on crystals 
and potential experiments with the tears. Researchers 
in their discussion brought a couple of possible 
directions for early brainstorming that was rich in their 
function and poetry.

Early brainstorming and explorations
In the early phases of thesis exploration, the 
researcher explored improv theater as a way to build 
an idea of how humans (host) and wearable (living 
thing) could behave in a symbiotic relationship. Being 
positive or negative force to one another. Improv was 
done using two participants, one acting as a wearable, 
another one as a host.

One of the situations that were explored in improv:
Biological Tinder - wearable is pulling host to turn 
around and approach to a person who's pheromones 

research

Researcher's tear 
Scale 1:200

Researcher's tear 
Scale 1:100

FIg. 12 - Microscopic view of tears collected by researcher.12

Touch
Humidity
Temperature
Gram positive

 

bacterias

Toxins
Sweat
Tears
Gram negative 
bacterias

Fig. 10 - Model of two way interactions between body an 
eviroment with skin as a bridge. 
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addressed in terms of purpose and applications.
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are attractive to host. 
Healthy (Running) -  As the host is doing physical 
activity, the sweat coming out from the skin is feeding 
wearable consisting of sweat eating bacteria, making 
wearable live and healthy as feedback to host healthy 
behavior. 
Unhealthy (drinking) - Host is drinking, and the 
organism is suffering acting heavy on the host. 
Off-boarding (goodbye) - Host and wearable are 
hugging and saying goodbye.

After improv, observers discussed what they saw, and 
how to turn these examples as a way rapid prototyping 
and concept brainstorming.

Sacrificial prototypes
Sacrificial prototypes were made as a result of 
conversations and initial ideas from research, 
analogies, and interviews. Those concepts were used 
to outline the opportunities on where the concept 
could start taking its place. 

Sacrificial prototypes were acting as a conversation 
starter for engaging participants and experts. On 
the expert side, the researcher involved parties 
such as biologists, designers, bioengineers, and 
mechanical engineers to validate potential use 
cases. How wearable could live on us, and what kind 
of relationship we would have with it, what's possible, 

involved experts in the field of Biology (Microbiology) 
from Umea University, research engineers from RISE, 
and designers from IDEO. Concepts were evaluated 
on multiple levels. How much is possible to create 
a symbiotic relationship, how much does prototype 
provoke today's perception of biology, how much does 
prototype enhance humans, or gives a new value or 
category in its life?

On a practical note, how invasive implementation 
will be, how complex would it be to do in the Lab, as 
a proof of concept, and how far can concept pushes 
the idea of biological affordances and aesthetics 
of interaction. Evaluating all of these questions, the 
researcher decides to proceed with sweat and 
tears to focus on in further research, looking at their 

components and what circumstances they are playing 
a role in the host's life.

Sweat and tears, even though they share a lot of 
similarities with biological components, were quite 
different from a conceptual, social, and psychological 
point of view. Researching the psychological 
significance of these fluids, the researcher categorizes 
them into two different aspects of the human 
psychological state. Sweat being present more in the 
monitoring phase of human wellbeing, while tears 
are acting as a tipping point (Fig. 14), or if we can say, 
emotional threshold. From there, having enough of the 
information and feedback from sacrificial prototypes, 
the researcher did another round of ideation, focusing 
on sweat and tears as main actors. Throughout the 
ideation, the researcher tried to build the ideas around 
fluids from multiple perspectives, especially the fluid's 
psychological perception.

Sweat as fluid is mostly characterized by the smell 
and temperature increase of a human body. The 
researcher was intrigued by the idea of uncovering a 
bigger picture of sweat, its richness, and how much 
it is telling about wellbeing. While with tears, the 
researcher was looking into scenarios where tear as 
fluid is not a sign of vulnerability, but more as a social 
signal, status symbol, or conversation starter. The 
notion of hiding while crying is something that the 

what's not, and how to proceed forward.

Sacrificial prototypes have consisted of 6 small 
concepts (Fig. 13). First, one Human to human 
handshake, familiar gesture, typically exchanged 
when people are just meeting each other. In this case, 
with a handshake, humans are exchanging microbiota 
and additional information of the user's choice. 
Breath + Biosensor, this project is showing an idea 
of using breath in combination with reactive gases 
as an input to the user's health. Breath as gas consist 
of almost the same quality of information as saliva or 
microbiota. Smell + Biosensor, is an idea consisted of 
small biosensors living in the nose of a user to amplify 
the smell or give it a classification to unfamiliar smells 
as neural feedback. Tears + Biosensor, turning 
emotions into action, artifact, making at a length of 
life of a tear from temporal to permanent. Toxins 
+ Biosensor, skin reacting to toxins coming out a 
body, giving visual feedback or person health, acting 
as a health mirror. Sweat + Biosensor, is an idea of 
wearable consisted of sweat eating bacteria, as the 
host is running and sweating, the wearable is feeding 
on hosts sweat, growing and becoming healthy, while 
motivating host to keep up with healthy habits.

Converging complexity, converging 
fluidity
In the evaluation of sacrificial prototypes, a researcher 

Tears

Monitoring

Tipping point

Sweat

researchresearch

Sweat + Biosensor
Wearable gives feedback of 

a progress

Toxins + Biosensor
Health mirror - Microbiota 

feedback on skin

Breath + Biosensor
Health mirror

Human to human 
Microbiota exchange, 
Infromation exchange

Smell + Biosensor
Neural feedback

Fig. 13 - Simplified illustrations of sacrificial prototypes. Fig. 14 - Simplified illustrations of sacrificial prototypes.

Fig. 15 - Simplified illustrations of sacrificial prototypes.
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researcher saw as an opportunity to destigmatize and 
provoke what is or not socially acceptable behavior.

Designing with Living Things (Tears co-
creation workshop)
The first exercise was on poetic interactions and 
expressions, the basic idea of this exercise was to, 
of course, warm-up participants, but also to act as 

"amuse-bouche" to the tone to a workshop, wanting 
participants to provoke their way of engaging with 
the workshop material, from pragmatic to poetic. The 
first part of the warm-up exercise was to write Haiku 
about the object with significant importance in a 
participant's life. Followed by the second part of the 
exercise, inspired by a paper on poetic prototyping13, 
the researcher asked participants to think of any 
activity in their daily lives, keeping the main idea of 
activity while detaching original expression from it and 
working on a new poetic expression.

After a warm-up exercise, the researcher introduced 
participants to the context of the workshop and 
its meaning in terms of outcome. The researcher 
introduces them to fluids and tears as a building block 
for their next exercise, participants were arranged 
by three groups, each having four to five participants. 
Each group had different scenarios connected to the 
tear, as the main material for exploration.

Group 1 was ideating on a scenario of Losing someone, 
ideating on how would they use tear collectors as part 
of a healing process.
Group 2 was ideating on a perfect break up, and how 
that ritual could look.
Group 3 was ideating on a scenario of going trough 
time. How to express stress, anxiety, grief.

All of them had the same overarching idea, "How could 
harvesting tears/sweat become a healing element?". 
After exercise, they were asked to present their ideas 
and prototypes, which were after commented and 
discussed between each other.

The second part of the main exercise was to look at 
the proposed ideas and prototypes and look at them 
from a non-human point of view, re-creating their 
concepts into a symbiotic relationship between a 
host and Bio wearable. The researcher gathered all 

the materials from the workshop and did a synthesis 
from it. An interesting pattern that was occurred 
in the synthesis, many of the concepts had vital 
emotional and intimate components, while in many 
of the concepts placing them in a broader social 
context, participants were addressing issues of 
social stigma, awkwardness, or vulnerability while 
exposing something intimate to public. This issue was 
taken further in conversation and something that the 
researcher found as an interesting component that 
biological medium could have in its advantage.

researchresearch
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Fig. 15 - Simplified illustrations of sacrificial prototypes.

Fig. 16 - Simplified illustrations of sacrificial prototypes.
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COVID-19

Beginning of March 2020. Covid-19 came to Europe on the pandemic level. 
Right after Mid Presentation, we received a note from University that school 
will be closed until further notice. In this short note to a reader, I'm outlining the 
pandemic influence on my process and other decisions that have been taken 
to move forward. Because, in the end, that's the only thing we could do.

No access to Bio Lab required the researcher to shift the focus of research 
and engagement with experts remotely. How to do research?
No access to a school or workshop facility. How to prototype?

Those two factors made it clear that this project will be hard to continue with 
vital scientific research as one of its main pillars. The only way for a researcher 
to continue was to rely on current findings and continue research through 
scientific/academic papers, with the help of biologists who helped to evaluate 
and move research into a direction that helped us move forward.

One of the whishes for prototyping was to create low-fi prototypes in the 
Lab as a "proof of concept," as circumstances didn't allow for this to happen, 
this part of the research was canceled. At the same time, form giving was 
transferred to home setup (kitchen lab), where the researcher explored 
bioplastic as a medium for form-giving of a wearable.

note to the reader

1

2
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THE MAKING-OF 
EQUILIBRIUM
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EQUILIBRIUM

Equilibrium is coming from mid-stage research where 
researchers were exploring requirements and cases 
where the living thing can be healthy and working 
in symbiosis with a host. Indeed, for any healthy 
biological relationship, both sides have to be in a state 
of balance, equilibrium. Equilibrium also refers to the 
calm state of mind, which both metaphorically and 
scientifically correlate with the concept. Equilibrium 
as a metaphor followed the researcher trough the 
process as one of the main principles in concept 
development, form-giving, and the aesthetics of 
interaction. Equilibrium (concept), in its core, is an 
exercise on giving poetry to the relationship between 
wearable and host, designing the balance between 
their biological tempo and well-being.

Crying - is an act of releasing pain or happiness, in 
which tears are an essential part in which they are a 
biological reaction to emotion as well as a social signal 
to the outside. Crying is temporary, but the emotional 
feeling is staying with us for a much longer time. Loss 
of someone, grief, breakup, joy, and happiness, stay 
with us, reviling who we are, and shape who we will 
become. If a character is built through adversity, how 
can we design ritual around it, how can we memorize 
moments that affect and shape us? If we have to 
quantify emotions, what metrics and material we 
are using, and how affordances of a living thing can 
leverage properties to raw matter such as a tear.

Tears as raw materials were looked from the 
perspective of being a building block, rather than 
simple input from the body. With Equilibrium role of 
tears was extended, and longevity of the same brought 

to eternity, acting as a totem of life. Tears are acting 
as emotional & biological fuel for wearable, giving 
shape to the emotional journey, from which it will serve 
as emotional support, growing gold, precisely gold 
nanoparticles inside of wearable, giving the output a 
totem of hosts' emotional journey.

Throughout the next chapters, research is diving into 
scientific research, poetic expression, and form-giving 
to the idea of biological wearable for emotional well-
being.

Scientific research
Researchers looked into the tears protein Lysozyme, 
and it's properties once crystallize. In this part, 
the researcher was interested in achieving in situ 
crystallization of lysozyme in a wearable. Through 
extensive research, one of the mappings done was 
on the repurpose or usage of lysozyme crystals. 
Lysozyme crystal can be used for energy production, 
acting as a wall against bacterias, which was 
considered as a potential concept development 
direction.

Looking more deeper, researchers found the richness 
of resources and papers that describe the usage of 
lysozyme crystals for the growth of certain materials. 
In the paper "Time-dependent growth control of Gold 
Nanoparticles within the single crystal of lysozyme"14 
scientists demonstrated the possibility to grow gold 
nanoparticles with lysozyme crystal, which was a 
starting point for researchers to go deeper into the topic 
of lysozyme being host matrix to the growth of materials.
In the research, lysozyme was found to be used for 
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Giving shape to the 
emotional Journey

Tears as a emotional & 
biological fuel

Gold as the totem of 
the emotional journey

a different kind of growth, from medicine to gold 
and silver.15 After extensive research, researchers 
continued with research on the growth of gold 
nanoparticles founding the material to be possible 
to achieve in situ with wearable, as well as being a 
concrete medium for poetic expression. Lysozyme 
crystallization and gold nanoparticles were the 
foundation for further research and a suitable subject 
for concept development.

From crystallization to gold nanoparticles, growth was 
made in situ environment where scientists used single 
crystals of lysozyme to study the time-dependent, 
protein-directed growth of gold nanoparticles. Gold 
nanoparticle growth was monitored by simple 
observation of crystals within a time frame of 90 
days. From 1.5 days with gold nanoparticles observed 
to form, with an average size of 2.9 nm, followed by 
the small colorization in the crystal. To the 5th day 
with gold nanoparticles being 16.4 nm on the average 
size. At the end of the observation (90th day), gold 
nanoparticles reached an average of 25 nm (Fig. 31). 

The researcher found interesting natural expression of 
growth; in other research papers, the researcher found 
gold's colorization to be one of the characteristics 
of gold in certain compounds. Therefore, the 
researcher brought a natural type of feedback into 
the concept development of feedback, which will be 
later described in the phase of giving a shape to the 

emotional journey.
The researcher had a strong foundation form the 
scientific side, which built the foundation for symbolic 
exploration of "tears to gold." Active research in this 
area stopped from timing reasons, and it was turned 
into "passive research," occasionally returning to it 
when needed for concept refinement.

Wearable architecture
As an interaction designer, stepping into the field 
of biology, it was essential to know what kind of 
architecture and biochemical components are 
necessary to make wearable functional. After 
comprehensive research in the area of lysozyme and 
gold nanoparticles growth, researchers hypothesized 
on the possibility of making wearable fully functional. 
Therefore, for the researcher, one of the challenges 
was looking at how wearable should be designed to 
obtain lysozyme crystallization and gold nanoparticle 
growth.

When the host is crying, tears are draining from the 
eyes, having the first contact with the skin around 
Periorbital puffiness, also known as swelling around 
the eyes area. From ergonomically and vision testing, 
wearable was placed right in between Periorbital 
puffiness and the upper section of cheeks, being 
an optimal place for tear collection, as well as being 
the most ergonomic position for the wearable. Once 
a tear is in contact with wearable, small channels 

equilibrium

Optical images of single crystals of lysozyme grown in the presence of Au(I) at different days of growth.

Gold nanoparticles within the lysozyme crystals (s.d., standard deviation).
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Time of Healing

Time of Interaction

are allowing a tear to drain trough, entering pockets 
with compounds needed for lysozyme isolation and 
crystallization16, the small sizes of gold nanoparticles 
are embedded inside of the wearable as "starters" for 
gold nanoparticle growth.

Once crystallization is completed, if successful, 
growth nanoparticle growth is happening naturally, 
forming themselves around the lysozyme crystal 
matrix. This beautiful biological process is shown in 
color as feedback (Fig. 4). In our research, we found 
the possibility in which Gold nanoparticles allow us 
to identify their number by their characteristic colors 
depending on the size, acting as visual feedback of 
growth inside of Bio wearable and healing of the host.

Giving the shape to emotional Journey
While looking at the process and time of gold 
nanoparticle growth, a biochemical process shared 
one interesting unit with an emotional journey process, 
and that unit is time. The researcher was fascinated 

by the timing as an asset that aligns the longevity of 
interaction and growth of wearable, with human time 
for emotional healing.

In our wearable, to get a desirable state, it will take at 
least 20 to 40 days, here, longevity became a crucial 
factor in the design process of the emotional journey. 
This affordance of the biological process creates an 
opportunity to design poetic expression of feedback, 
as a result of time.

As we will design with biological components, time was 

founded to be the most natural asset for creating a 
respectable and poetic artifact that it's synchronized 
with human rhythm. Compared to a computation 
where these types will be described as a purposeful 
delay, followed by natural colorization about the 
growth of this Nobel metal. The experience of the 
journey is expressed through the form itself, literally 
enlarging a peace of process. Something invisible 
to the human eye, becomes visible, in a literal and 
metaphorical way.

Healing takes time, and Equilibrium is pretty much 
about giving poetry and weight of the emotional 
expression, acting as the emotional support of a 
host, using biochemical phenomena in a very human 
way, for commemorating chapters in life. Exploring 
aesthetics as a bear output of that, but not aesthetics 
but human use-case. It's not just purely exploratory. 
The key objective to achieve the right aesthetics 
was to give thoughtfulness in the form of look and 
feel where experience is enhanced through multiple 
dimensions.

The wearable was designed as a composition of 
multiple wearables, giving unique reactions to each 
artifact, inconsistency in the biological sense is normal, 
natural, and celebrated. The user can influence the 
form, simply by the length of usage.

Post-usage
In this phase of shaping the emotional journey, it was 
essential to take a stance on how to design post-
usage. When it comes to designing with living things, in 
the context of post-usage, we cannot simply create 
off-boarding as we do with non-living things, there is 
no on/off button. Therefore, the researcher looked 
into a way of detachment from a wearable, giving the 
expression to off-boarding and post-usage poetically 
and respectably. On top of that, Equilibrium is not a 
classical problem-solving solution, there are no issues 
to be addressed, nor is there a prescriptive usage 
designed. From there, the researcher looked into 
various scenarios, considering the potential use-cases 
and how different detachments from wearable could 
look like. Speculating on post-usage, while giving a 
host to decide what to do with the wearable after 
gold nanoparticles grew, and reach the end of the 
biochemical process.

equilibrium

Optical images of single crystals of lysozyme grown in the presence 
of Au(I) at different days of growth.

33



44 45

equilibrium



46 47

equilibrium



48 49

When it comes to "post usage," it's up to host weather 
they are going to keep it, give it to someone, or throw 
it in recycling. Everyone is going through their life and 
memories differently; Equilibrium is designed to follow 
the host's throughout their unique journey. Giving 
them the freedom to express with it in a way they think 
is appropriate to their situation and relationship they 
established with wearable.

equilibrium
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�FLECTION

Reflection took part in many parts of this thesis 
process, mostly manifested as procrastination. 

Looking back from the initial brief, my thoughts and 
hypothesis on high-level stayed pretty much the 
same. This project helped me to uncover many of 
my weaknesses and potentials as researcher and 
designer, being able to step into an unfamiliar field 
like designing with biology was truly a full experience 
of growth on every level. I genuinely believe that as a 
designer, I can be a mediator that will rehear the future 
to inform the present. Whether my next ventures will 
lead me to another project around biology (for which 
I'm truly looking forward), or some other new frontier 
in technology or design, I feel confident and sure that I 
want to embrace the ambiguity.

Escape on Friday, get caught on Monday
This chapter is all about wellbeing and how I tried to 
balance my work and no-work rhythm. 

As long as 17weeks seemed like a short time, I quickly 
realized that it wouldn't be possible to treat it as a 
sprint. Later in the process, because of Covid-19, it 
was almost impossible to treat it in any way. But for a 
good part, I would say that the rhythm of the marathon 
was far more productive and less demanding when it 
comes to reflection.

Initially, for me, it was essential to have at least one day 
in a week of unrelated thesis activity. Throughout the 
thesis, I realized I need another day for semi-thesis 
work, and I would say, more like an analogous day, 
exploring topics related to biology and design. But in 
totally unrelated to my thesis. This method was proved 

to be beneficial for the broader understanding of 
biology as well as developing vocabulary that helped 
me better articulate my hypothesis and ideas to 
biologists and other field related experts. These days, 
alongside "free" days, were happening mostly during 
the weekend, I would escape from thesis somewhere 
around Friday night, until Monday morning when I 
would go back to the schedule. Although, sometimes, 
I found myself doing one of these activities in the 
middle of the workweek. It worked fine, I think as much 
as you trust the process, you have to trust your body.

When it comes to body, one of the things my back is 
thankful for after hours and hours sitting is investing 
into IKSU year membership, that thing spanked my 
wallet in a way that I felt it would be the biggest punch 
in a face if I don't start using the benefit of it.

More than a thesis
As I mentioned somewhere in my research thesis 
report, it was inevitable that this project will not end 
with Equilibrium. It was just too fruitful field to be left 
here. As much as this was more than obvious not 
only to me but also to my tutors and collaborators, 
it will take time to see how to best position myself 
to continue with the field of Biology and Design. 
Equilibrium proves itself to be an interesting direction, 
knowing that we can create a fully working prototype 
'in vitro,' is a great next step to show how Equilibrium 
as idea and prototype could find it's placed in a real 
scenario.

Proving that Biology and Design are not just great 
combo for envisioning future, but as a future that is 



52 53

already here. And for us as scientists and creatives, it's 
crucial to start collaborating and designing with it—
uncovering potentials of biological materials in terms 
of affordances, sustainability, and ethics.

Thank you, 
Ivan

reflection

I regret nothing. 
The end.
---  Ron Swanson
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