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“How to live a world of difference(s), a world in/as ongoing 

differentiation, in such ways that the outcome is not ever more 

separation and antagonism, exclusion and the fear of others, but  

so that new senses of commonality are envisioned?”

						      (Thiele, 2014, p. 202)
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   ABSTRACT

The rapid intensification and development of both scientific and 

technological progress are shaping our world at an unprecedented 

speed. Our time asks us to re-relate to each other and the others 

we share our space with. “The human” can no longer be seen as 

the centre but as part of a comprehensive and complex system. 

This system consists of humans, animals, plants, fungi, and micro-

organisms but also matter and data. This thesis is a practice-based 

exploration of the encounters between human and nonhuman via 

sensing technologies in my art practice. Through the lens of agen-

tial realism and the methodology of diffraction, I look back on four 

of my works 1. RHIZA, an interspecies connector between fungi and 

humans. 2. ZIEN, a collaborative public art project between minis-

try officials, citizens, and a robot arm. 3. FadingColours, real-time 

data sculptures that connect ocean data on coral bleaching and the 

living conditions of the algae. 4. ZOE, a temporary coexistence be-

tween reishi mushrooms and a custom-made robotic system. I am 

questioning whether the philosophy of critical posthumanism and 

new materialism come to practice in my process of creating media 

art installations.
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INTRODUCTION

Standing on the stage, I saw the audience sitting in the dark. The 

rules of theatre dictated that they could not enter the world I was 

part of. Their role was to sit and watch. Experience the world we 

created from a certain distance. I left the stage wondering if the 

same experience could occur if I were not here. What if the audi-

ence and the space, matter, and non-matter, came together? Is my 

human performing body needed as a mediator to bridge between 

the observed and observer? Or can you be both at the same time? 

	 During my bachelor’s in scenography, I started experi-

menting with what this could be. What would it mean if performa-

tivity remains, but the human being no longer has the leading role? 

Who or what can take the place of the human performer? I kept 

the principle of staged encounters. I left the fixed positions behind. 

The influence of one on the other became my starting point.

	 Through the process in the microcosmos of theatre, I also 

explored this process outside the theatre. We are part of a world 

with a quite disturbing political, social and ecological situation. 

The rapid intensification and development of both scientific and 

technological progress are shaping our planet at an unprecedented 

speed. 

	 Our time asks us to re-relate to each other and the oth-

ers we share our space with. Now that technology and the con-

sequences of our impact on this earth penetrate deeper into our 

lives, I can no longer see “the human being” as the centre but as
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part of a comprehensive and complex system. This system con-

sists of humans, animals, plants, fungi, microorganisms, matter, 

and data.

	 Through the theories of posthumanism, new materialism, 

agential realism and care practices, I came more profoundly into 

the theoretical realm of this flow of thoughts and theories. Theo-

retically, theory and practice are the same. In practice, this is only 

sometimes the case. Take the concept that everything is connected 

to everything. It sounds great, but it does not resonate with how 

we experience our world. What matters is how we are connected. 

We need to be able to understand the specifics of these connec-

tions in order to experience them. 

	 This thesis is a practice-based exploration of the encoun-

ters between human and nonhuman via sensing technologies in my 

art practice. Much is written and searched for terminology with-

in media studies that emphasise the relationally between human 

and nonhuman action. Through the critical post-humanistic lens of 

agential realism, I look back on the process of four works created in 

2021 and 2022. 

1. RHIZA (2021)

 An interspecies connector between fungi and humans.

2. ZIEN (2022)

A collaborative public art project between me, ministry officials, 

citizens, and a robot arm.
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3. FadingColours (2022)

Real-time data sculptures that connect ocean data on coral 

bleaching and the living conditions of the algae living in the 

sculptures.

4. ZOE (2022)

A temporary coexistence between reishi mushrooms and a cus-

tom-made robotic system.

 

I will examine if and how practice and theory come together, by 

looking back on the process of creating these works and the de-

cisions made in the process via theory of critical posthumanism 

and the new materialist methodology of diffraction. I know that my 

installations start from a mindset that wishes to invite one to get 

to know the unknown other—hoping to create a more empathic 

and caring connection with others. I question what it means and 

takes to work from a critical posthumanist stance and how to cre-

ate encounters between the human and nonhumans, which are ex-

perienced as an embodied immersion in the other’s zone through 

sensing technologies. 

	 Inherent to the methodology of critical posthumanism 

while writing and reading this, I acknowledge and respect the mul-

tiple and internally contradictory aspects of our own knowledge 

practices, where the focus is on collaborative ethics. As I always 

say about my practice, I focus more on the experience of questions 

than one clear answer.
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THE 
THEORIES
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“It matters what matters we use to think other matters with; 

it matters what stories we tell to tell other stories with; 

it matters what knots knot knots, what thoughts think thoughts,

 what descriptions describe descriptions, what ties tie ties. 

It matters what stories make worlds, what worlds make stories.” 

					                      (Haraway, 2016, p. 12)

The theoretical field of posthuman studies does not consist of dis-

crete and neatly delineated areas. Like the worldview they repre-

sent, the theories and authors are woven into a rhizomatic net-

work. No thinker belongs to a theory view, and no theory belongs 

to a single thinker. The abundance of theoretical expressions with-

in posthumanism makes it necessary to delineate some reference 

points.

	 In this thesis, I relate my work and thinking to the per-

spective of critical posthumanist scholarship in the humanities to-

day (2022). Their new schemes of thought address the relationship 

between contemporary concepts of human/non-human interac-

tions and real-life conditions. This chapter will give an overview of 

the different critical terms,  and leading concepts of posthumanist 

critical thinking with a focus on agential realism as part of new 

materialism. 
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   CRITICAL POSTHUMANISM

Posthumanism is a term which is not explained easily. Since the 

term is used differently by various thinkers, there is a need to clar-

ify whether one is talking about posthumanism or transhumanism.  

	 If we go back in time, the rise of Humanism was between 

1400 and 1600. It shifted the worldview from a god-centred society 

in western Europe to a man-centred one. I specifically say (west-

ern) man-centred and not human-centred, given that this perspec-

tive did not address the full spectrum of humanity. Around 1900, 

philosophers and scientists began to question the idea of man as 

the central point. New ways of thinking need their time. The big 

push became visible in the last thirty years with the rise of interdis-

ciplinary critical practices within the humanities that called them-

selves ‘studies’. 

	 One can think of studies like media, science and technol-

ogy, women, gender, queer, postcolonial, cultural and many more. 

A defining feature of the studies is that they are grounded in and 

resonate with our world’s social and political changes. They com-

bine science, philosophy and the arts in parallel ways and value the 

knowledge gained in the lived experience without taking an an-

ti-science stance. They activated a way of thinking of ‘the other’ 

within the academic world and paved the road for posthumanism. 

Posthumanism does not exclude humans but includes them from a 

more holistic perspective.
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Keeling and Lehman (2018) define in the Oxford Research Encyclo-

pedias the posthuman perspective as one where humans are:

(a) physically, chemically, and biologically enmeshed and depen-

dent on the environment; 

(b) moved to action through interactions that generate affects, 

habits, and reason; and 

(c) possessing no attribute that is uniquely human but is instead 

made up of a larger evolving ecosystem. There is little consensus in 

posthumanist scholarship about the degree to which a conscious 

human subject can actively create change, but the human does 

participate in change (Keeling & Lehman, 2018, p. 1).

	 On the other hand, there are transhumanists. Transhu-

manists and posthumanists are often confused. However, there is 

a big difference. Transhumanists focus on the improvement of hu-

mankind through technology. In their philosophy, the human being 

remains central, and the focus is on the enhancement of the human 

being that goes hand in hand with developing new technologies. 

The term transhumanist was popularised in 1957 by the English bi-

ologist and philosopher Julian Huxley in his essay “transhuman-

ism”(Ostberg, 2022).

	 Posthumanism is a field formed by a broad spectrum of ac-

ademic disciplines like; comparative literature and cultural studies, 

ecocriticism, animal studies, environmental studies, science and 

technology studies, psychoanalysis, quantum physics, cybernetics, 

feminist studies, postcolonial studies, new media studies and many 

more fields of studies within the humanities—also, integrating less 

likely scholars in the academic world as arts, architecture, litera-

ture and music.
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Critical Posthumanism

My thinking and practice resonate most with critical posthuman-

ism, new materialism and agential realism theory. These theories 

have a similar focus on relational ontologies, a critique of dual-

isms, and a focus on encounters with non-humans and matter. The 

critical thinkers are Rosi Braidotti, Donna Haraway, Karen Barad, 

Marie-Luise Angerer, Jane Bennett, Claire Colebrook and Rick 

Dolphijn, who have a foundation in the philosophy of Deleuze and 

Guattari and their vision of monism. Braidotti describes this as the 

foundation of critical posthumanism - as both material and vital, a 

monistic ontology offers possibilities of grounding the embodied 

and embedded posthuman subject in the process (Braidotti, 2006).

	 They distance themselves from the Cartesian dualism for-

mulated by René Descartes as the dualism between mind and body 

by focussing on the convergence of body and mind, human and 

non-human, matter and meaning, nature and culture, subject and 

object, continuity and discontinuity, and beginning and return. 

	 According to Braidotti, it is a process of redefining one’s 

sense of attachment and connection to a shared world, […] It ex-

presses multiple ecologies of belonging, while it enacts the trans-

formation of one’s sensorial and perceptual coordinates, in order 

to acknowledge the collective nature and outward-bound direction 

of what we still call the self (Braidotti, 2013, p. 193).

	 Critical posthumanism is a theoretical approach which 

maps and engages with the ‘ongoing deconstruction of human-

ism’ (Badmington, 2000). The post prefix in posthumanism is dou-

ble-sided by expressing the desire, and simultaneously it confirms 

to go beyond Humanism. 
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Humanism, and with it, the human being, remains the basis of the 

body of thought. The addition of “critical” in the expression “crit-

ical posthumanism” is to distinguish between the uncritical and 

popular use of posthumanism in, for example, science fiction and 

popular use in media and science. The addition of the word criti-

cal emphasises the multi-sided approach between the human and 

posthuman. Like Lyotard’s 1987 notion of a “rewriting of moderni-

ty”, (McCaffrey, 2015, p.276) critical posthumanism attempts a ‘re-

writing of humanity’. 

	 Critical posthumanism questions our relationship to our-

selves and the more than human. What does it mean to be human? 

Moreover, what does it mean to be ‘posthuman’? Where did the 

need to become posthuman come from? What causes it in the re-

lationship to the non-human? Think of the living non-human like 

animals, plants, and microbes, but also the non-living like robots, 

data and machines. It also questions how it makes us relate to con-

cepts such as god and the Anthropocene. 

	 Within critical posthumanism, a reflective approach to our 

thinking is essential. It is critical of transhumanism in its desire 

to transcend and improve humankind through technology. On the 

other hand, in posthumanism, humankind is so much a part of the 

whole that humans become sidelined. As a result, no action can re-

ally be expected from humans anymore. Whereby no responsibility 

is taken for our actions either. Janina Loh focuses on this topic of 

responsibility. She proposes an inclusive understanding of the re-

sponsibility that allows us to no longer essentialistically attribute 

or deny responsibility to individual (human) agents. In this way, re-

sponsibility in the context of an inclusive ethics of companionship 

is a property of successful relations. It only arises in the interaction 

of human and non-human agents (Loh, 2021).
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Critical Posthumanism

Posthumanism generally assumes an equal relationship with the 

non-human. Critical posthumanism further questions the compli-

cations of this and the extent to which the proposed relationships 

do not still primarily serve the human. 

	 Critical posthumanism’s main purpose is mainly ethical 

and motivated on responsibility and care – care for the human and 

the non-human alike. In this sense, “whoever cares about the hu-

mans and their past, present and future might want to critically 

engage with humanism’s anthropocentric ideology” (Herbrechter, 

2013, p. 3).

	 In my practice, critical posthumanism keeps me critical of 

what kind of relations I have and want to have with the humans and 

non-humans around me. In many of my works, there is a motive to 

find ways of living together while being different. I see embracing 

the differences and working from these different qualities of those 

involved as a proposal to redefine our own society and the way we 

live together on our planet. This brings in my practice a notion of 

responsibility towards the humans and non-humans I collaborate 

with. Collaborating in a critical posthumanist way requires being 

caring and taking into account all the qualities and needs. In the 

following chapter on new materialism, I will focus more extensively 

on how embracing difference creates the space to collaborate with 

the non-human.
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NEW MATERIALISM

New Materialism shares the interest with critical posthumanism of 

rethinking and positioning the human and non-human. They re-

think critical approaches to difference. From an urgent and chal-

lenging manner, they look at how it works, what it is and why it 

matters.

	 “New materialism” is a term coined in the 1990s by Rosi 

Braidotti, Manuel DeLanda and Donna Haraway to describe a the-

oretical turn away from the persistent dualisms in modern and 

humanist traditions (Dolphijn & Tuin, 2012). “New materialism op-

poses the transcendental and humanist (dualist) traditions that are 

haunting cultural theory. What can be labelled ‘new materialism’ 

shifts these dualist structures by allowing for the conceptualisation 

of the travelling fluxes of nature and culture, matter and mind, and 

opening up active theory formation” (Dolphijn & Tuin, 2012, p.48).

	 New materialism turned toward matter from a dissatisfac-

tion with the linguistic turn of the 20th century, where the focus 

is primarily on language and the users of that language. What is 

referred to as new materialism, like posthumanism, is not a unified 

term and consists of many meanings. They share the concept that 

matter is not inanimate and can generate data or go outside the 

existing material discourse. 

	 “By rejecting a distinction between the physical world and 

the social constructs of human thoughts, meanings and desires, 

new materialism opens up the possibility to explore how each
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New Materialism

affects the other, and how things other than humans (for instance, 

a tool, a technology or a building) can be social ‘agents’, making 

things happen. Its post-anthropocentrism displaces humans from 

the central focus of social inquiry, not only emancipating the af-

fective capacities of the non-human but also establishing an ethics 

that can engage productively with human culture, with other liv-

ing things, and with the wider environment of inanimate matter” 

(Braidotti, 2013, p.60).

	 Despite the rapid increase of new materialist approaches, 

Dianna Coole and Samantha Frost describe three main categories 

in their book; New Materialisms: Ontology, Agency, and Politics 

(2010): Ontology/Agency, Bioethics/Biopolitics, and Critical Mate-

rialism. Ontology/Agency is characterised by exploring the agency 

of matter. Bioethics/Biopolitics focuses specifically on non-human 

social justice and geopolitics, whereas Critical materialism focuses 

primarily on global capitalism in relation to the climate crisis. Crit-

ical materialism emerges from Marxist historical materialism. The 

prominent thinkers are Karen Barad, Jane Bennett, Rosi Braidotti, 

and Elizabeth Grosz. 

	 One of the essential thinkers of new materialism is Jane 

Bennett. Like many from the field of posthumanism and new ma-

terialism, Bennet is influenced by Deleuze and Guattari. As well as 

the early twentieth-century critical vitalists to bring together vi-

talism, affect and materiality. In her book Vibrant Matter (2010), 

she states that non-human with a focus on non-biological matter 

has a liveliness that shows in the shared agency by relating and 

clustering with human and non-human actors. Whereby agency is 

never intentional and always shared. Her starting point in this book 

is ‘thing-power’; “thing-power gestures toward the strange ability 

of ordinary, man-made items to exceed their status as
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 objects and to manifest traces of independence of aliveness, con-

stituting the outside of our own experience” (Bennett, 2010, P. XVII).

	 Rosi Braidotti began using the term “new materialism” in 

the second half of the 1990s from her deep interest in materiality 

and morphology of alterations and focusing on the questioning of 

dualisms. Her re-reading of Spinoza, Deleuze, and Guattari leads 

her to formulate Zoe. Braidotti’s “Zoe embraces geologically and 

technologically bound egalitarianism, acknowledging that thinking 

and the capacity to produce knowledge is not the exclusive pre-

rogative of humans alone, but is distributed across all living matter 

and throughout self-organising technological networks” (Braidotti, 

2019, p. 51). This “non-human, vital force of Life”(Braidotti, 2013 p. 

60) may be referred to as Zoe, as opposed to bios or Anthropos 

(Braidotti, 2006), where “Bios refers to the life of humans organised 

in society. Zoe refers to the life of all living beings” (Braidotti, 2019, 

p. 10). Zoe has the capacity for self-assembly or the tendency of all 

living matter to enter into associations with other material sys-

tems. It raises ethical questions on subjectivity since it is neither an 

individual subject nor a human.	

	 Donna Haraway calls this Nature Culture. A term she in-

troduced in her Companion Species Manifesto (2003). Nature Cul-

ture is a concept that emerges from questioning dualisms that are 

deeply embedded within the traditions of humanities and science 

(nature and culture, matter and mind, the human and the non-hu-

man). The concept of Nature Culture offers us an option to rethink 

these oppositions so that they do not represent just parts of our 

world. It rewrites all subversive material practices and gives the 

possibility for ethical breakthroughs as new materialism is chal-

lenging the division between “being” (ontology) and “knowing” 

(epistemology). Haraway argues that knowing is not separated
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New Materialism

from being; therefore, the non-human is implicated in knowledge 

production. Karen Barad calls this Ethico-onto-epistemology, 

which highlights the interrelatedness of “ethics, knowing, and be-

ing” (Barad, 2007, p. 185).

	 Karen Barad [they/their]1 is a theoretical physicist and 

feministic philosopher with a strong background in particle phys-

ics and quantum field theory. They advocates a stronger focus on 

ontology in science. Barad suggests that the physical laws support 

the experience of reality in an ethical manner by itself. Barad em-

phasises in their theory of agential realism (2007) the entangled 

nature of reality, such as the ontological inseparability of objects 

(matter) from subjects (meaning). The theory of agential realism is a 

posthumanist performative approach focusing on the process and 

practice of science rather than the product. It recognises agen-

cy as a quality that the subject and object possess. The boundar-

ies between subject and object, observer and observed, are not 

defined prior to their intra-actions within the theory of agential 

realism. Intra-actions are the complex co-productions of human 

and non-human matter, time, and space. Therefore, the human 

does not act on matter, but rather humans and non-humans are 

agential actors in the world as it continuously comes into being 

(Barad,2007). 

	 Barad prefers to use the term intra-action instead of in-

teraction to describe the relationship between the human and 

non-human participating. Barad argues that “‘intra-action’ signifies 

the mutual constitution of entangled agencies. That is in contrast 

to the usual ‘interaction,’ which assumes that there are separate 

individual agencies that precede their interaction, the notion of in-

tra-action recognises that distinct agencies do not precede, 

1	 They/Their are the preferred pronouns of Karen Barad
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but rather emerge through, their intra-action” (Barad, 2007, p.33).

Through intra-actions the boundaries of phenomena are estab-

lished. Barad refers to these boundaries as agential cuts. These 

agential cuts are the products of agential acts that produce these 

separations. These agential acts make the agential cuts more than 

socially constructed distinctions between material objects such as 

human-nonhuman. These cuts shape the materiality of what they 

bring into being, which makes them simultaneously discursive and 

material. (Barad, 2007).

	 Karen Barad focuses with their theory on how we take 

part in the world in a way that we are not bystanders, observing 

the world from an outside perspective. According to Barad, under-

standing ethics needs to be accessible for humans to respond to 

them. In order to act responsibly, Barad focuses on the material 

entanglements and how they reconfigure through intra-actions. 

“Ethics is not simply about the subsequent consequences of our 

ways of interacting with the world, as if effect followed cause in a 

linear chain of events. Ethics is about mattering, about taking ac-

count of the entangled materialisations of which we are part, in-

cluding new configurations, new subjectivities, new possibilities – 

even the smallest cuts matter” (Barad, 2007, p. 384).

	 Entanglement is one of the key parts of Barad’s agential re-

alism theory. “Entanglements are not a name for the interconnect-

edness of all being as one, but rather specific material relations of 

the ongoing differentiating of the world” (Barad, 2010, p. 265). “To 

be entangled is not simply to be intertwined with another, as in the 

joining of separate entities, but to lack an independent, self-con-

tained existence. Existence is not an individual affair. Individuals do 

not preexist their interactions; rather, individuals emerge through 

and as part of their entangled
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New Materialism

intra-relating. Which is not to say that emergence happens once 

and for all, as an event or as a process that takes place according to 

some external measure of space and of time. But rather that time 

and space, like matter and meaning, come into existence, are iter-

atively reconfigured through each intra-action, thereby making it 

impossible to differentiate in any absolute sense between creation 

and renewal, beginning and returning, continuity and discontinui-

ty, here and there, past and future.” (Barad, 2007, p. IX)

	 In order to bring agential realism into practice, Barad 

notes that the practices of knowing and being are mutually impli-

cated and not isolable. In Barads words, “we do not obtain knowl-

edge by standing outside the world; we know because we are of 

the world. We are part of the world in its differential becoming. 

The separation of epistemology from ontology is a reverberation 

of a metaphysics that assumes an inherent difference between hu-

man and non-human, subject and object, mind and body, matter 

and discourse” (Barad, 2007, p. 185). As a methodology, Barad pro-

poses diffraction. Diffraction is used as a metaphor to read insights 

“through one another in attending to and responding to the details 

and specificities of relations of difference and how they matter” 

(Barad, 2007, p.71). Barad’s diffraction methodology draws on Har-

away’s diffraction methodology (Haraway, 1991) and the principle of 

diffraction in physics, as shown by quantum physicists Niels Bohr 

and Werner Heisenberg in 1920. Haraway proposes diffraction in-

stead of reflection as she sees reflexivity as a recommended critical 

practice but Haraway states that her “suspicion is that reflexivity, 

like reflection, only displaces the same elsewhere, setting up wor-

ries about copy and original and the search for authentic and really 

real” (Haraway, 1991, p. 16). Haraway states that “diffraction does 

not produce ‘the same’ displaced, as reflection and refraction do.
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Diffraction is a mapping of interference, not of replication, reflec-

tion or reproduction. A diffraction pattern does not map where dif-

ferences appear, but rather maps where the effects of differences 

appear” (Weinstock, 2020, p. 300). The agential realist approach 

differs from Haraway’s diffraction regarding reliance upon repre-

sentation. Barad argues that the idea that representations reflect 

the social and natural world is distinct from that they pursue to 

represent, which maintains the humanist fallacy of “holding the 

world at a distance” (Barad, 2007, p. 87). 

	 Kaiser and Thiele commented in their article Diffraction: 

Onto-Epistemology, Quantum Physics and the Critical Humanities 

on Barad’s vision of diffraction that “diffraction highlights the sys-

temic intra-actions and unavoidable ‘agential cuts’ that co-consti-

tute subjects, objects and the ongoing pattern-formations in which 

they/we participate”(Kaiser & Thiele, 2014, p. 166).

	 Barad calls this process of knowledge-making posthuman-

ist performativity, where diffraction is not a way of seeing the world 

differently as we observe it from the outside. It is a way of direct 

engagement with the world through responsible participation. We 

are constantly making ethical choices by choosing particular areas 

to focus on and not on others, which asks us to take responsibility 

and be more attuned to how we intervene in every action and mo-

ment to the critical possibilities available.  	

	 These new materialist theories and views are, of course, 

not without criticism. Slavoj Žižek gives an interesting critique of 

this theoretical turn. He argues in Absolute Recoil: Towards a New 

Foundation of Dialectical Materialism (2015) that the new material-

istic attempt to undermine the subject/object distinction and the 

attempt to dismantle traditional humanist thinking, new material-

ists are rendering the human values as capacities of all things



22

   

New Materialism

as (deficient) versions of human subjectivity. (Žižek, 2015). Žižek 

criticises that New Materialism projects subjectivity and a form of 

anthropomorphism on the material world. What he oversteps here 

is the focus in New Materialism on the capacities or qualities of the 

actors in the new materialistic thought, which focuses on under-

standing them in terms of what they are capable of and what they 

are instead of projecting human subjectivity on them.

	 The variety of interdisciplinary methodologies proposed 

by the new materialisms allows one to approach ontological ques-

tions from different perspectives. New Materialism has consid-

erable added value regarding the possibilities of interdisciplinary 

collaboration within various sciences and knowledge production. 

Agential realism requires me to think of how I am accountable 

and responsible for the worlds my actions contribute to materi-

alising—working on my installations in intra-action with the many 

entanglements of the people, the technique and sensors used, and 

the context and qualities of the non-human involved. This new 

materialistic approach is about being in between. It is messy but 

gives us a greater sensitivity towards the ethics and effects of the 

knowledge-making process and how to work from a critical post-

humanist approach. As diffraction is used as a methodology in HCI 

(Human-Computer Interaction) and design research, I will describe 

in the next chapter how this methodology comes into practice to 

see if I can apply this to my artistic practice.
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METHODOLOGY OF 
DIFFRACTION

In the light of critical posthumanism, new materialism and the 

methodology of diffraction, there are not many examples regarding 

(new) media art installations. However, multiple publications have 

been written on HCI and design research relating to diffraction and 

new materialism in light of the international Human-Computer In-

teraction – CHI Conference on Human Factors in Computing Sys-

tems (2020, 2021, 2022). Agential realism has been proposed in HCI 

and as an option to design with data in design research. They are 

considering a world where bodies and technology are getting more 

entangled—questioning the agency and autonomy of cyber-physi-

cal systems, AI, extended realities and others who question the no-

tions of agency and limits of human-machine boundaries (Frauen-

berger, 2020). Which also addresses questions about the context 

of people’s feelings and experiences in affective and multisensory 

environments. 

	 An essential part of my practice is the use of data and the 

experience of it. I see data as an opportunity to bridge human-hu-

man, human-nonhuman, and nonhuman-nonhuman. Data gives the 

possibility of experiencing the invisible and unknown of the other. 

I am interested in making existing data tangible and taking it out 

of abstraction. On the other hand, I like to explore the unknown in 

the data from the sensing technologies I use in my installations. As 

Gaver (2012) already mentioned ten years ago, there is potential to 

re-imagine alternatives for interaction design and the use of data.
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Using an example of the methodology of diffraction in HCI and 

design research shows us in this chapter how this methodology 

comes into practice and could be used in (new) media arts that use 

sensing technologies and data to create encounters between the 

human and non-human.

	 As already mentioned, Karen Barad and Donna Haraway 

use diffraction as a methodology that focuses on the details and 

specificities of relations of difference and how they matter, which 

asks one to have a close eye on the different elements that may 

interfere with each other in the ongoing process. Sauzet describes 

that “diffraction creates a greater sensitivity than reflection, which 

is a common metaphor for analysis that invites images of mirror-

ing.” (Sauzet, 2019, p. 2) Diffraction is the process of ongoing dif-

ferences. Sauzet sees it as a thinking tool for analysis, diffraction 

attunes us to the differences generated by our knowledge-making 

practices and the effects these practices have on the world (Sauzet, 

2015).	

	 Barad’s concept of intra-action focuses on interconnect-

edness with attention to materiality. It shifts attention from an in-

dividual subject/object to the performativity of emergent phenom-

ena. Phenomena are, in agential realism, the smallest ontological 

unit to analyse. These phenomena require a sensibility to distin-

guish between the subject and the object. This distinction-making 

is seen as an active choice that Barad calls the already mentioned 

“agential cut” (Barad, 2014).

	 Karen Barad’s theory of agential realism gives the possi-

bility to rethink interaction design as the ongoing phenomenon of 

intra-actions across agential cuts. These agential cuts also ask one 

to explore the question of agency. Barad sees agency not as an in-

dividual property (Barad, 2003).



25
Barad says that “agency is a matter of intra-acting; it is an enact-

ment, not something that someone or something has. Agency is 

doing/being in its intra-activity” (Barad, 2007, p. 235). In other 

words, it is the question of who and what acts, as Barad describes 

it as cutting together/apart of the agential qualities of the phe-

nomena. One can recognise agency as relations, feelings, things, 

silences, distances, and structures but also things or architecture. 

When one detects cuts, one is making them and making cuts is 

performing phenomena by diffracting different types of agencies.

	 Design research has been refining and approaching data in 

recent years as a design material. In HCI, this is applied as a form 

of new materials combining physical materials with interactivity 

or immaterial materials such as electrical signals or algorithms 

(Belenguer et al., 2012).

	 The paper Difraction-in-action: Designerly Explorations 

of Agential Realism Through Lived Data (Sanches et al., 2022) pre-

sented during CHI 2022 shows examples of how diffraction comes 

to action when working with ‘lived data’. Lived data considers dif-

ferent ways and purposes of living with data. The paper focuses on 

five examples of how design researchers can create knowledge by 

engaging diffractively with the data they gain from human bod-

ies and behaviour. In their first case study, “Exploring Breathing 

Through Biosensing,” the researchers look back on the process of 

creating the “Breathing Shell” (2018). “Breathing Shell” is an artefact 

that captures breathing data created by a team of designers, engi-

neers and a classical singer who is an expert in breathing exercis-

es. To design the “Breathing Shell”, the team created an adjustable 

corset for different body types in order to capture the biodata with 

biosensors such as an elastic stretch belt, muscle tension sensors, 

and accelerometers.
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The biodata was then visualised or sonifed to make them percepti-

ble when doing the breathing exercises.

	 The researchers highlight in this example diffraction in 

the design process of the biosensors through the adjustable corset 

by working diffractive it made the design with and for breathing. 

Because the team actively participated in the design process by 

doing breathing exercises, they could engage diffractive with the 

data throughout the design process, which led them to recognise 

different agential cuts that were created between the ongoing phe-

nomenon of breathing and the measurements of the sensors. This 

process helped them to move away from just representing breath-

ing and instead focus on the phenomenon of how bodies move and 

breathe while keeping an eye on the differences between bodies. 

As Sanches noted, “the phenomena of what breathing is and what 

it does to the researchers’ bodies was shifted, they hacked exist-

ing sensors to measure their—gradually changing—understanding 

of what breathing is, and how it can be sensed. [...] This research 

process highlights that capturing breathing data is not stable and 

thus should not be taken for granted. [...] Rather than being just 

a sensor measuring breathing, the pillows also provided a tactile 

feeling as they inflated and deflated in tandem with the breathing. 

This caused some wearers to experience a blurring of the boundar-

ies between themselves and the corset (Karpashevich et al., 2022), 

representing another agential cut between body and measuring 

apparatus”(Sanches et al., 2022, p. 6).	

In this example, data through the lens of agential realism is not a 

measurement or representation of the world. It is an ongoing pro-

cess that I recognise in my process where I experience data as nev-

er finished nor immaterial but the entanglement of 
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many factors, such as the context, the technologies and sensors 

used, the human and non-human, and the use and display of the 

data in my work. 

	 In the article (Dis)entangling Barad: Materialisms and eth-

ics (Hollin et al., 2017), agential realism is presented as a proposal 

for producing a new and more ethical form of data through other 

forms of description, contemplation and assemblages. Stating that 

we are responsible as humans who decide what we make visible 

and what we choose to leave invisible. “There is, thus, both an eth-

ics of inclusion and an ethics of exclusion inherent in Barad’s work” 

(Hollin et al., 2017, p 5). In other words, performing an agential cut 

is an act of responsibility. It resonates for me with the notion of 

responsibility that critical posthumanism places on how we take 

place as humans in this world. 

	 With this methodology of diffraction in mind, I will look 

back in the next part of this thesis called My Experience at the pro-

cesses of the four works made in the last year and a half. I use eth-

nographic fieldwork such as observation and conversations done 

during the process and presentations of the works to determine 

whether these diffractive moments arise in my process. 

	 The difference between my practice and the design ex-

amples is that my installations do not have any purpose of being 

an artefact that has to be useful as an object or solve anything. 

My work focuses less on the human experience and how to extend 

these through ‘living data’, which is the case in the case studies of 

Difraction-in-action: Designerly Explorations of Agential Realism 

Through Lived Data (Sanches et al., 2022). My practice focuses on 

making the invisible and unseen tangible through sensing technol-

ogies. The data is, for me, an opening to encounter each other and 

not to solve anything. 
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“Recognising the positive difference caused by connections and 

relations within and between different bodies, affecting each other 

and being affected. In the end, humans and non-humans go through 

a transformation as a result of the intra-actions between them that 

is better understood if we live outside of “I” ” 

(Buchynski & Lang, 2021, p. 1) 

The words of these thinkers propose a world, a way of living and 

relating that sounds to me like the kind of world I want to be part 

of. The type of world I like to contribute to. Even one I aim to cre-

ate. They feel like coming home. Nevertheless, when facing reality, 

I wonder if it is possible. Is it not just a nice philosophy that is 

too complex to implement? Can I create anything, being constantly 

aware of how we are in a constant flux of moving and relating to 

one another? 

	 Rosi Braidotti says that “the transformation towards the 

posthuman is neither linear nor one directional but is rather a 

multi-faceted experimentation with what ‘we’ are capable of be-

coming. It is undeniable that the combined impact of the Fourth 

Industrial Revolution and the Sixth Extinction is altering the terms 

of our embodied existence, as well as our self-understanding, but 

changes and adjustments on this scale are both gradual and con-

stant. We are not in a position yet to fully grasp the complexity of 

these internally contradictory phenomena. We need much more 

research on the material aspects that compose those phenomena, 

on their assumptions and implications. The material aspects re-

fer to Zoe, but also to the geological and technological aspects of 

transformation.” (Braidotti, 2019, p.44)
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With ‘we’, Braidotti is searching for a new collective subject. She 

calls this: “‘we-are-(all)-in-this-together-but-we-are-not-one-

and-the-same’ kind of subject” (Braidotti, 2019, p.55).

	 This new ‘we’ is what I hope to create when working on 

encounters between humans and non-humans. It raises many 

questions about what it means to create a new ‘we’. What am I in 

‘we’? What are the others in ‘we’? How to understand being differ-

ent and, simultaneously, part of something together? What is this 

something? How to define each other when we do not think linear-

ly or in binaries? Is that even possible? 

	 Within posthumanist thinking and related theories, spe-

cific terminology has emerged and is still developing. This is due 

to the methodological challenge of theoretically representing the 

profound interconnections between humans and non-human fac-

tors and agents. I think words are a way to create a ‘we’, but with 

just words, it stays pretty abstract. Having in mind that we as ‘hu-

mans’ are the dominant category in the world at present and have 

to come to terms with the structural inequalities. If we embrace 

the idea of a nonhuman-centred worldview, we must redefine our 

very idiom of nature-culture and human/non-human interrela-

tionships. Maybe we also must redefine how we create and collab-

orate when making art from this perspective. 

Multiple artists are already working on these same themes from a 

posthumanist approach. Robertina Šebjanič focuses with the work 

Aurelia 1+Hz/Proto Viva Sonification on how we understand jel-

lyfish and how to enhance the relationship between humans and 

other marine species. She created this audio-visual performance 

with a living system that includes living moon jellyfish to explore 

the phenomena of interspecies communication. It sonifactes the 

environment of the underwater acoustic/ bioacoustics. 
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The moon jellyfish (Aurelia Aurita) create live sound in this interac-

tive performance. What is very visible in the work of Robertina is 

her care for the non-humans she is working with. The moon jelly-

fish she works with are in aquariums, giving them the best possible 

environment and experience while in the artwork 

(Šebjanič, n.d.). (Fig. 1)

	 Špela Petrič focuses in her series the PLANT-MACHINE on 

the possibilities of post-anthropocentric cognition. She investi-

gates alternative relationships with plants through machine learn-

ing. In the work PL’AI, part of this series, she focuses on the notion 

of play as an ontological condition of bodies. Whereby it not only 

focuses on the human body. Creating the metaphor of ‘play’ instead 

of having a ‘purpose’, she sees this as an existential condition for 

our more than human bodies since this will allow bodies to thrive 

(Petrič, n.d.). (Fig. 2)

	 Saša Spačal created the work Myconnect a symbiotic in-

terspecies connector. A circuit with signals and impulses that are 

generated and translated by biological organisms and technologi-

calm organisms. It creates an immersive experience of symbiotic 

interdependence. She says her “artistic practice focuses on entan-

glements of environment-culture continuum and planetary metab-

olisms. By developing technological interfaces and relations with 

organic and mineral soil agents, I try to address the posthuman 

condition that involves mechanical, digital and organic logic within 

biopolitics and necropolitics of our times.”(Spačal, n.d.) (Fig. 3)
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Fig. 1 Aurelia 1+Hz/Proto Viva Sonification

Fig. 2 PL’AI

Fig. 3 Myconnect  
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I aim to create in my work a space where the biological, cogni-

tive, and technical processes come together. Co-shaping of human, 

non-human, matter, and environment constantly encounter and 

mutually affect each other.

In this chapter, I look back on the process of creating four of my 

works through the proposed methodology of diffraction and the 

theory of agential realism.

1. RHIZA, an interspecies connector between fungi and humans.

2. ZIEN, a collaboration between ministry officials, citizens, and a 

robot arm.

3. FadingColours, real-time data sculptures that connect ocean 

data on coral bleaching and the living conditions of the algae.

4. ZOE, A temporary coexistence between reishi mushrooms and a 

custom-made robotic system.

I describe the concept, process, installation and care for each 

artwork. Based on my experiences and observations, I examine 

whether the theories and the practical application experience align 

in these art installations.
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‘RHIZA’ is an interspecies connector that invites one to become 

part of the communication between its mycelium and oyster 

mushrooms. The oyster mushrooms and mycelium continuously 

exchange biodata through electrical signals. The biosensors pick 

up these electrical signals and translate them into vibrations one 

can feel by standing bare feet on the mycelium floor pads. ‘RHIZA’ 

was exhibited during Ars Electronica 2021 Linz, festival X in Dubai 

2022 and won the YouFab Global Creative Student Award 2021.

RHIZA
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Fig. 4 RHIZA 

Ars Electronica Festival 21 
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CONCEPT

‘RHIZA’ is inspired by the interaction within mycorrhizal networks. 

This underground network of fungal connections exchanges not 

only back and forth between fungi and one plant but also between 

neighbouring plants, using fungi as a thoroughfare. As the fungal 

threads spread, they can link to multiple plants, creating webs 

known as ‘common mycorrhizal networks’. Through these net-

works, plants and fungi can exchange sugars, nutrients, water and 

more. These shared mycorrhizal networks embody ecology’s most 

basic principle: the relationship between organisms.

	 I am intrigued by the recognition, understanding, and in-

teraction with other species. Within this installation, I am research-

ing the possibilities of creating an empathic relationship between 

humans and nature. ‘RHIZA’ aims to create an awareness of being 

part of a bigger network and creating a possibility for humans to 

be aware of the communication and sharing of information outside 

the human realm. It is essential to no longer see “the human being” 

as the centre but as part of a comprehensive and complex system. 

This system consists of humans, animals, and plants, but also mat-

ter and other entities. COVID-19 has highlighted once again that 

we need to start living in coexistence and symbiosis with natural 

landscapes rather than dominating or exploiting them, as is com-

mon in many western societies. What impacts nature also impacts 

us humans.

‘RHIZA’ is an interspecies connector that emerged as an aspiration 

to enable human beings to transgress their own species and
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Fig. 5 RHIZA - Festival X Dubai
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connect with otherness in a multiplicity by experiencing their 

connectedness. The visitor will experience the so-called mycor-

rhiza on the level of perceptive and physiological. Mycorrhiza is 

a form of cohabitation between roots and fungi. In ‘RHIZA’, which 

means roots, the visitors will be integrated into the human-myce-

lium-mushroom interface by means of their own roots- their bare 

feet.

	 In other words, our skin connects with the mycelium’s os-

cillations produced by electrical resistance. This hybrid sensation 

of electric resistance and pulse is then transferred back to the hu-

man body via tactile sensory impulses. Such symbiotic connections 

are an embodied way to integrate human beings into the network 

of their environment through their kinesthetic empathies.

	 Through my work, I want to offer space to reflect and ex-

perience what these emergent systems entail. With ‘RHIZA’, I like 

to create space to think, feel and experience what it means to be 

part of the complex network we live in and that we can also listen 

to other systems instead of taking them over.

	 The profound restrictions imposed by the pandemic on 

social interactions and physical movement are causing a shift to 

the online domain when it comes to arts, education and research, 

which is why it is necessary to re-examine our essential relation-

ships with the material and embodied world we live in.

	 Experiencing the complexity of the mycorrhizal network 

with their subtle blend of cooperation and conflict can be seen as 

a metaphor for how we relate with each other and our social sys-

tems. Like human society, this society is characterised by variety, 

with its capacity to help, hinder, cooperate, and exploit.
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Fig. 6 RHIZA close-up
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PROCESS

As a child, my number one role model was Jane Goodall. She in-

trigued me because she managed to get so close to chimpanzees 

without perceiving her as disturbing or dangerous. After months of 

observing, she came out of the woods and introduced us to the re-

markable world of these chimpanzees. Like Jane Goodall, I wanted 

to go into the woods to learn about other species, not to do any-

thing with them but to watch and experience their lives.

	 During the pandemic in the winter of 2020-2021, I read 

Merlyn Sheldrake’s book Entangled Life – how fungi make our 

worlds, change our minds and shape our futures (2020). For the 

first time since my fascination with monkeys as a child, I felt a sim-

ilar fascination for this strange organism called fungi. Sheldrake 

describes the fungi so beautifully on their own terms. How under-

standing them changes our understanding of life. They are a whole 

kingdom by themselves incomparable to animals, plants, insects or 

humans and closer to us than to plants. The kingdom of fungi has 

not yet been researched much. Mycology, as it is called, was, until 

now, a field of science that did not even have a proper place within 

universities. What especially fascinates me is the mycorhizal net-

work, often called the wood wide web —a whole society communi-

cating and exchanging with each other and even hosting commu-

nication for other species like trees. I wanted to experience this 

communication, but how?

	 One of the very first ideas was to mimic this network. I 

thought of the roots of sharing communication and spreading their 

information over the network. 
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Fig. 7  First sketch interaction RHIZA
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Thinking back, I worked in an earlier work with the principle of 

sharing and leaving something behind for the next person.

	 What I did not like about this first idea for this installa-

tion is that it mimics while there is actual communication going on. 

Moreover, it completely excluded the mushrooms and just showed 

a form of communication through a network where there is a form 

of knowledge sharing. It had nothing to do with the fungi and was 

only inspired by them. On top of that, it felt not good to use them 

for aesthetic reasons to be in the installation without acknowledg-

ing them.  

	 To not make this work about humans, I had to get to know 

fungi. Apart from the mushrooms I eat or see in the wild, I had no 

experience with them. I started to watch documentaries and read 

more about fungi to understand what we know about them and 

which research is done on the communication of fungi. Knowing 

that I wanted something with this network that communicates, 

I decided to try to make this communication perceivable. There 

were multiple examples of people translating the communication 

of mushrooms into sound. One of the things that bothered me is 

that I often saw that they captured this in the mushroom caps. This 

way of measuring the activity is questionable since the caps are so 

humid that there is a high chance of only measuring the oxidation. 

It is still being determined where and if these signals reach the 

fruiting bodies. Also, we do not know if they make a sound. I un-

derstand why people translate it into sound, as it is the preferred 

way we communicate. I was looking for a way of experiencing this 

communication in a manner that would take us out of the comfort 

zone of our preferred communication. I imagine this communica-

tion as something the mushrooms and plants experience as vibra-

tions, which we do not give meaning to as quickly as 
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sound. It felt to me like the way to listen to something without 

filling it in.

	 Arriving at these thoughts raised two issues;

1. I needed to get to know the fungi. How do they grow? What do 

they need?

2. I had to look for sensors that could sense the signals in the my-

celium.

	 Luckily nowadays, people have many options for growing 

mushrooms at home. I ordered a growing kit and started experi-

menting. I ordered the growing kit for the pink oyster mushroom 

on the coffee ground. Of course, I was impatient and did not start 

from the basics of growing them in the provided box, but I tried it 

directly in different shapes.
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Fig. 8  First tests growing pink oyster mushrooms on coffee ground 11-04-2021
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Fig. 9 First tests growing pink oyster mushrooms on coffee ground 11-04-2021
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Looking back on what I know now about growing mushrooms, I 

was fortunate that I started to see mycelium growing within two 

weeks. (Fig. 10, 11, 12) Not much later, the first signs of fruiting bodies 

were there. (Fig. 13, 14)

 Fig. 10 Close-up mycelium growing  26-04-2021
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Fig. 11  Mycelium growing in sphere  26-04-2021

Fig. 12 Mycelium growing in container  26-04-2021
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Fig. 13  First sign of fruiting bodies sphere 02-05-2021
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Fig. 14  First sign of fruiting bodies Petri 02-05-2021

Fig. 14 First sign of fruiting bodies Petri 02-05-2021
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The fact that I could grow it in spheres inspired me to come up 

with the first sketches of how this installation could look. In this 

sketch I am still thinking of the combination of pink oyster mush-

rooms and lionsmane. (Fig. 15)

	 From the concept of sensing these signals through vibra-

tions, I wanted people to relate to the materiality of the mycelium. I 

noticed that there were already packing materials made out of my-

celium. This made me wonder if it is possible to experience these 

vibrations via the same material as it produces the signals.

	 Looking into these mycelium products, I noticed that there 

are different substrates the mushrooms are growing on. It looked 

like most products using mycelium as a base, were from wood or 

straw-like material. Inspired by this, I tried to create a floor with a 

white button grow kit, combining it with pasteurised straw. (Fig. 16, 

17)

	 Taking into account also the financial part of growing many 

spheres and floor parts made me look into the other possibilities of 

growing mushrooms myself without the help of a growing kit. (Fig. 

18, 19, 20 21)



51

 Fig. 15  Sketch RHIZA April 2021 
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 Fig. 16  Set-up pasteurising straw and testing growing options for mycelium

Fig. 17  Set-up floor pad out of white button 

grow kit combined with pasteurised straw
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Fig. 18 Test wheat flour + straw + 

mycelium grow kit	      

Fig. 20  Test straw + wheat flour+ 

white mushroom	     

Fig. 21 Test straw + white mushroom Fig. 19 Test straw + coffee ground + 

mushroom
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Apart from these tests, there were also a few cardboard tests. After 

two weeks, there was some mycelium growth. Nevertheless, this 

experiment failed just as all the other experiments of growing my-

celium myself.

	 The earlier experiments with the pink oyster mushrooms 

went well in the container, so I saw some actual growth. Having the 

first real fruiting bodies made me focus on the different possibil-

ities of capturing these signals exchanged through the mycelium. 

On the other hand, the petri dish and bowls did not manage to 

make bigger fruiting bodies.

Fig. 22 Fruiting bodies pink oyster mushroom in container 1
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Fig. 23 Fruiting bodies pink oyster mushroom in container 2



56

   

RHIZA

Based on Electromyography (EMG), I started looking into the op-

tion for sensors. EMG measures muscle response or the electrical 

activity that responds to a nerve’s muscle stimulation. The elec-

trical activity captured by the electrodes is generally displayed 

on an oscilloscope. Human muscles have no electrical activity at 

rest. Only during contraction it is present. I saw several examples 

of people using EMG sensors to capture these signals in the man-

ner described earlier. I ordered a myroware EMG sensor to have a 

starting point.

	 It was clear that the electrodes usually placed on the skin 

would not work for me. I decided to replace them with needles 

which have to be inserted into the mycelium. I had to find needles 

that would do the most minor damage to the tissue of the myce-

lium and mushroom and where there would also be the slightest 

chance of oxidation to avoid getting noise in the data. I ended up 

using gold acupuncture needles. Since I had not constantly mush-

rooms available, I did a lot of the first testing on plants. I knew that 

people had already achieved measuring their activity with EMG.

	 I tried this sensor on the little fruiting bodies in the con-

tainer and on this plant. However, I had no results. By this time, I 

needed to ask someone with experience. I consulted Laurent Mi-

gnonneau, Interface Cultures professor, who taught me the course 

sensors and microcontrollers. Laurent and I experimented with 

different possibilities of EMG and EEG sensors. I was building dif-

ferent types of circuits. So far, without success. Nothing was work-

ing.
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Fig. 24 MyoWare EMG Sensor test

Fig. 25 Circuit and sensor testing in Laurent Migonneau’s office
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In parallel, I was still working and experimenting with mushroom 

growth. I needed to gain more knowledge about them and hoped by 

trial and error to achieve growing proper mushrooms. I started to 

have a feeling for the needs in terms of hygiene for mushrooms and 

that they needed holes to grow out. I experimented with growing 

them in bigger spheres after growing them in small spheres and 

considering my idea for the installation.

Fig. 26  Glass spheres prepared with holes for mushroom growth
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Fig. 27 Glass spheres test 
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Since this installation was proposed for Ars Electronica 2021, I felt 

a little overwhelmed by all the parts that were not working. I was 

unable to grow big healthy mushrooms, did not manage to grow 

mycelium, and the sensors were not working. There was nothing 

more than me enjoying trying out these things. Knowing fungi so 

well that I could work with them would need more time.		

I needed to ask for help. Like the sensors part, I needed someone 

with more experience.

	 I found a very active node of the mycelium network society 

in Linz based in STWST. On top of that, I found in the Netherlands 

company GrownBio who is specialised in growing mycelium objects 

and selling growing kits to do this yourself. After reaching out to 

both of them, the growing mushrooms and floorplates gained mo-

mentum.

With Taro on my side from the mycelium network society guiding 

me through the process and opening his mushroom lab to me was 

a fantastic opportunity to learn the process of growing mushrooms 

from someone else.

	 At the same time, the growing kits for growing the floor 

plates arrived. I started growing the floorplates in my bathroom. 

The process of growing these floorplates taught me a lot about the 

humidity and temperature that mycelium needs to be able to grow.
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Fig. 28 Proposal Ars Electronica 2021 sketch
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 Fig. 29 Taro’s growing room
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Fig. 30 GrownBio growkit mycelium in fridge
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Fig. 31 Growing floorplates in bathroom
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I had finally achieved one goal. I grew the floor pads and also ex-

perimented with growing mycelium in other forms and with differ-

ent qualities. 
Fig. 32 mycelium bowl glow in the dark 

Fig. 33 glowing mycelium bowl 
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This made me start on the idea of making them vibrate. At this 

point, I thought that the installation should work as shown in Fig. 

34,35,36.

Fig. 34  Sketch RHIZA sphere pratical

Fig. 35  Sketch RHIZA floorplate pratical
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Fig. 36 Sketch RHIZA practical
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After testing the idea with the vibration motors, I noticed they 

lacked the power and capability to go through waves. Also, when 

using multiple vibration motors.

Fig. 35  Sketch RHIZA sphere pratical

Fig. 37  Mini vibration motor in mycelium
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Fig. 38  Testing experience of mini vibration motor in mycelium

Fig. 39  Testing multiple mini vibration motor in mycelium
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It turned out that there were too many obstacles to grow the 

mushrooms in glass spheres that would be hung from the ceiling. 

It felt to me like there was too much going on. I wanted to focus 

on the mushrooms and how they were growing and the mycelium 

to be visible. Therefore I changed the idea from glass spheres to a 

transparent tower which they would grow from.

	 I laser cutted and built eight segments of 20x20x50cm out 

of plexiglass. The tower is split up into segments so I can replace 

parts of it when it is not growing or has contamination. I built eight 

segments and not four, so I would always have a backup in case 

segments were not healthy or growing. Furthermore, this is the 

most feasible way to grow and transport a tower of 200cm.

	 Around the same time, I came across the open-source 

work of Sam Cusumano, who works on the sonification of biodata. 

After being in touch with him, I went with his work to Laurent. 

We finally managed a circuit that could measure the signal on two 

points in the mycelium and measure the difference between them. 

With the sensors there, I still needed to translate the data into vi-

brations since the mini-vibration motors had no effect. I switched 

to bass shakers, typically used in cars to experience the low fre-

quencies of music in the body.

	 In the meantime, I kept growing mushrooms with grow 

kits to test the sensors and experience the vibrations. It made me 

realise how patient I had to be in this process. Mushrooms need 

their time to grow and have a specific life span, so I had to work 

with their rhythm. Realising this made me think of the exhibition. It 

was a risk to work with them together. I learned now that so many 

factors had to be right for them to grow. They are way less consis-

tent than house plants.
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Fig. 40 Testing setup sensor data to vibrations
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To start with hygiene and the risk of contamination when creating 

their environment. They are susceptible to the temperature, hu-

midity, light and what they are growing on as substrate. My initial 

idea of having this installation with artificial light in the dark made 

no sense. This type of mushroom likes light. They fruit because of 

the light. In other words, if I want them to show up in the exhibi-

tion, I have to make sure that I create the situation they like and 

work in their rhythm. 

	 With the first moment for ‘RHIZA’ to be exhibited around 

the corner, Taro and I started growing the tower. Based on his ex-

perience and the information from the so-called ‘bible’ of mush-

room growing, “Growing gourmet and medicinal mushrooms” (Sta-

mets, 2000). I could only hope we have the timing right. 
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Fig. 40 Testing setup sensor data to vibrations

Fig. 41 Filling the segments

Fig. 42  Growing the segments 
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It turned out that it worked. During Ars Electronica 2021 ‘RHIZA’ 

grew over the five days of the exhibition. After this exhibition, ‘RHI-

ZA’ has been in different places for the last one and a half years. The 

work of growing the oyster mushrooms still is a work in progress. 

I am growing the mushrooms depending on the location of where 

‘RHIZA’ will be exhibited. This means that apart from learning how 

to grow pink oyster mushrooms myself, I also have to work with 

mushroom farms in different places worldwide. It asks me to ex-

plain the process of growing pink oyster mushrooms for ‘RHIZA’ in 

relation to the place where the installation will be exhibited. Fur-

thermore, the floorplates made from dried mycelium are damaged 

easily. Therefore I keep researching, changing and improving parts 

of this installation.
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Fig. 40 Testing setup sensor data to vibrationsFig. 43 RHIZA top part of the tower 
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INSTALLATION

The work ‘RHIZA’ has a flexible presentation format, allowing it to 

adapt to different contexts. It can be presented as a full tower or 

in a smaller version. Since ‘RHIZA’ consist of living mushrooms/

mycelium, it requires care and environmental conditions. It needs 

daylight, temperature between 22 - 28 °C and humidity above 80%. 

Indoor presentation is preferred. The mushrooms grow during the 

exhibition, so the tower does not always have the same appearance.

	 ‘RHIZA’ exist out of one transparent plexiglass tower of 

220cm. The tower is divided into four segments 50 cm high filled 

with the mycelium of the pink oyster mushroom. The lowest seg-

ment is smaller and contains the electronics and sensors for 

‘RHIZA’. Around ‘RHIZA’, depending on the version, floor pads are 

made of dried mycelium. These floor pads are connected to the 

tower and make the signals picked up by the sensors, which are 

inserted in the mycelium, tangible through vibrations.
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Fig. 44 RHIZA day 1 

Fig. 45 RHIZA day 5 
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Dimensions

First version RHIZA

Tower 20x20x220cm

4x plexiglas mycelium segment 20x20x50cm

1x plexiglas sensor segment 20x20x20cm

3x Floorpads 45⌀

Hollow bench 45x50x45cm

Second version RHIZA (in development) 

Tower 20x20x220cm

4x plexiglas mycelium segment 20x20x50cm

1x plexiglas sensor segment 20x20x20cm

2x Floorpads 34x40cm

Fig. 46 Topview Setup RHIZA
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    Fig 47. Four types of plexiglass sides in different combinations for the segments
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CARE

I noticed that ‘RHIZA’ needed a lot of care and attention during the 

exhibition. It made me think of what it means to care for something 

and work together with something other than a human being in an 

environment like an exhibition space. As the artist, a work that is 

alive asks me to bridge the needs of the mushrooms I am working 

with and the possibilities of the places that are interested in host-

ing them.

	 Therefore I decided to write a technical rider and a care 

rider for ‘RHIZA’. I noticed that for people to understand and take 

the needs seriously, they must also get to know the mushroom.

	 In practice, it comes down to me clearly communicating 

that this work is alive. That the mushrooms need care and that it is 

a work that is changeable through time and responding to its envi-

ronment. This includes the understanding that there is a prepara-

tion time for growing the pink oyster mushrooms before exhibit-

ing. Sometimes, people wonder if we cannot develop a faster way, 

a shortcut to a quick fix. Observing this behaviour is interesting 

because I recognise it from my process—the difficulty of tuning 

into the needs and rhythms of another species. It is the human trait 

of wanting to bend things to our will and being used to it working 

this way. 

	 When I sense that the person who wants to invite ‘RHIZA’ 

understands what is needed, I take them through the process of 

growing and caring for the pink oyster mushroom in detail. Plan-

ning is one of the most challenging parts of caring for mushrooms 

that must perform at a certain point.
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Based on my experience, I made a schedule including the need-

ed circumstances that provide the most significant collaboration 

change from the pink oyster mushrooms. The planning in Fig. 48 is 

the optimal growing plan for exhibiting ‘RHIZA’ for 5-7 days.

If ‘RHIZA’ needs to be visible more extended, six additional seg-

ments are required per 5-7 days.

	 It asks for much communication with the exhibiting part-

ner and the mushroom farm growing the mushrooms. Because 

growing mushrooms in these segments needing to be on time is 

often a challenge for mushroom farms, they usually only produce 

mushrooms as a food source. It requires from their side an under-

standing of the necessity of growing them at the right time and 

preparing them in the recommended way. On the other hand, as 

I already discussed, the exhibiting partner must understand the 

time and resources the mushroom farm needs to grow mushrooms. 

Mushrooms are not flexible when it comes to planning or resched-

uling.

	 The second challenge is their environment. This is in all 

stages of the work.

First is the growing and filling process of the pink oyster mush-

rooms in the segments. I prefer working with a mushroom farm 

near where ‘RHIZA’ will be exhibited. It keeps the amount of trav-

elling for the mushrooms the lowest, and farms already have the 

environment for taking care of them in their most vulnerable state. 

A side note is that I like that they grow on a substrate available in 

the country they are exhibited in.

	 When the mushrooms arrive at where they will be exhibit-

ed, they have a day and night schedule. I adjust the recommended 

care depending on the environment where they are shown. 
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Day What Amount of 
segment

Temperature Light Humidity

8 weeks prior Ordering substrate

4 weeks prior Manufacturing or receiv-
ing&building segments

Filing segments

Day 1 Phase 1: Mycelium growth 2 (1backup) 24 - 30 °C Dark 95 - 100 %*

Day 2 Phase 1: Mycelium growth 2 (1backup) 24 - 30 °C Dark 95 - 100 %*

Day 3 Phase 1: Mycelium growth 2 24 - 30 °C Dark 95 - 100 %*

Day 4 Shipping if filling of seg-
ments is not on location*

20 - 30 °C

Growing **

Day 11 Phase 2: Fruiting initiation 2 (1backup) 18 - 25 °C Daylight 90%

Day 12 Phase 2: Fruiting initiation 2 (1backup) 18 - 25 °C Daylight 90%

Day 13 - Set-up 
RHIZA***

Phase 2: Fruiting initiation 2 18 - 25 °C Daylight 90%

Phase 3: Fruiting bodies 
day 11

2 (1backup) 20 - 30°C Daylight 85%

Day 14 - Opening 
expo

Phase 3: Fruiting bodies 
day 12

2 (1backup) 20 - 30°C Daylight 85%

Day 15 Phase 3: Fruiting bodies 
day 13

2 20 - 30°C Daylight 85%

	
*Express shipping as fast as possible and/or filling of the segments on 
the location During this phase, the segments are in trash bags, which 
keeps the humidity high

**  Open once a day for 10 minutes the bags of the segments  to refresh 
the air for the mushrooms and spray them with water

*** When we take the segments out of their bags, phase 3 is initiated.

Tabel 1 Planning RHIZA
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The mushrooms need to be moist to keep them healthy. The way 

to do this is by spraying them with water during the exhibition’s 

opening times. Outside opening hours, with an electric humidifier 

(Fig. 48) They also should not become too cold or warm as this will 

influence their growth.

	 The most important skill to know if mushrooms are doing 

well is observing them and looking for signs of how the growth is 

going.

Is there any mould?

Is the mycelium overgrowing the substrate?

How do the fruiting bodies look?

In most phases, I am there to take care of this, or I am in close con-

tact with the person growing or taking care of them. For the people 

taking care of the mushrooms during an exhibition, I include visual 

references, so they know what to look for.
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Fig. 48 Humidifying RHIZA

Fig. 49 Healthy sprouting mushroom
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Fig. 50 Unhealthy sprouting mushroom (too dry)   

Fig. 51 Developing mushroom            
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Fig. 52 Healthy grown mushroom with open caps	

Fig. 53 Healthy older mushroom - After this phase they will die
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Fig. 51 Unhealthy sprouting mushroom (too dry)   

Fig. 52 Developing mushroom            

Fig. 54 RHIZA segments from young to older 
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Fig. 55  Young mushroom with sensor

Fig. 56 Older  mushroom with sensor
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Fig. 51 Unhealthy sprouting mushroom (too dry)   

Fig. 52 Developing mushroom            

Fig. 57 Pink Oyster Mushroom 
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On the notion of taking care of their environment, I learned during 

the first time of showing ‘RHIZA’ that visitors behave differently 

toward a mushroom than they do toward a work of art that does 

not consist of a species they may also recognise as nature or food. 

By recognising the mushroom, people tend to touch it or even pick 

it from the tower and take it with them. Therefore, apart from the 

one-line instruction to take off the shoes, I also instruct not to 

touch them to ensure the mushrooms grow in peace. 

	 It is essential that the fungi have the possibility of making 

their complete life cycle and are not being wasted. If segments are 

over after the exhibition and still growing, I always try to look for a 

place where they can finish their cycle.

I like to collect the grown mushrooms and cook for all those in-

volved with ‘RHIZA’ to complete the circle between the human who 

cared for the mushroom and the mushroom that nourishes the hu-

man.
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Fig. 58 Shoe instruction RHIZA
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Fig. 59 Tower instruction RHIZA
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Fig. 60 RHIZA at Festival X with instructions on the floor 
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‘ZIEN’ is a participatory art project created in the spring of 2022, 

a light installation in front of the Dutch Ministry of Finance- Den 

Haag. ‘ZIEN’ is created in five days from the cooperation between 

the robot arm IIWA1 and humans. The robot engraves portraits of 

interested passers-by in mirrors on the square in front of the Min-

istry of Finance. These portraits are used to build the installation 

on the spot. ‘ZIEN’ examines the relationship we, as a society, want 

to have with technology. It created a collective visual reminder to 

stay out of the abstract. 

1 LBR IIWA is KUKA’s lightweight cobots specialized in delicate assembly work. The LBR 
iiwa is the world’s first series-produced sensitive, and therefore a human-robot collab-
oration compatible robot. LBR stands for “Leichtbauroboter” (German for lightweight 
robot), and iiwa for “intelligent industrial work assistant”. With the LBR iiwa, humans and 
robots can work together on highly sensitive tasks in close cooperation. (LBR Iiwa, n.d.).

ZIEN



95

Fig.  61  ZIEN
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CONCEPT

A ministry is a place that quickly becomes an abstraction to the 

outside world: a building, an institute, an envelope, a name. In the 

same way, the outside world is abstracted within the walls of the 

ministry.

	 Throughout my year being an artist in residence of the 

Ministry of Finance, I heard a need to be seen and heard within the 

bigger picture, especially concerning the introduction and use of 

technology. The need for this is not only outside but also a huge 

topic for the civil officers working in the ministry.

	 As a citizen of the Netherlands, I am very aware of the 

Dutch childcare benefits scandal. This scandal started in 2018 but 

is, until today, a major political scandal in the Netherlands. The Tax 

and Customs Administration (part of the Ministry of Finance) made 

false allegations of fraud while attempting to regulate childcare 

benefits for families (Toeslagenaffaire, n.d.). Due to this scandal, 

we became painfully aware of how things can go wrong when we 

lose sight of how technology is applied.

	 Still, I notice within the ministry that the application of 

technologies is seen as something they have no influence on. It is 

something above them that they can not control. People find it hard 

to keep in touch with themselves, their sense of responsibility, and 

critical ethical thinking when working with a system. Therefore I 

like to create an artwork focused on the process rather than the 

result. With ‘ZIEN’, I provide a way to meet with each other and 

technology outside the walls of the ministry.



97Fig. 62 Opening ZIEN first phase
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 I show the process openly. The mess it brings. The constant need 

to adapt to the process due to the circumstances and the sensitiv-

ity of the technology we are working with. The work has to demy-

stify an artist’s work and the work with technology.

	 I want people to be and feel needed in order to create this 

work. Via ‘ZIEN’, the possibility is created to meet the other, open-

ing up the conversations around these themes from connection 

rather than opposition. Where we leave as a collective force,  a very 

visible and tangible trace in front of the ministry’s main entrance 

reminds the inside and outside world of the Ministry of Finance 

that both sides are humans with a face and a life that needs to be 

considered and seen.
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PROCESS

This installation is the outcome of my artist residency at the Minis-

try of Finance in the Netherlands. The Kunstcommisie of the Min-

istry of Finance asked me to develop a work based on my experi-

ences within and in relation to the Ministry of Finance. It became 

a critical reflection on the current situation with an invitation to 

the future.

	 When I got the opportunity to be an artist in residence 

at the Ministry of Finance in 2021, I considered it an intriguing 

place because of the controversy surrounding it. It is a place that 

is not immediately very popular or for which there are many warm 

feelings. However, it is also a place with a massive impact on the 

country. We cannot deny that money is a determining factor in our 

societies. There is also little trust in the Netherlands regarding this 

ministry. As I mentioned before one of the reasons was the child-

care benefits scandal.

	 This scandal led in 2021 to the fall of the Dutch Cabinet. 

Until today it is a political scandal in the Netherlands. The situa-

tion was so prejudicial that on Oct. 25, 2021, Amnesty Internation-

al released a report called “Xenophobic machines: Discrimination 

through unregulated use of algorithms in the Dutch childcare ben-

efits scandal” (Amnesty International, 2021). The report makes no 

secret of the situation “Thousands of lives are ruined by a disgrace-

ful process which included a xenophobic algorithm based on racial 

profiling. The Dutch authorities risk 
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Fig. 63 Impression Ministry Finance during research phase 
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repeating these catastrophic mistakes as human rights protections 

are still lacking in the use of algorithmic systems,” states Merel 

Koning, Senior Advisor on Technology and Human Rights at Am-

nesty International (Dutch Childcare Benefit Scandal an Urgent 

Wake-up Call to Ban Racist Algorithms, 2021).

Governments around the world are rushing to automate the deliv-

ery of public services, but it is the most marginalized in a society 

that are paying the highest price. [...] The black box system result-

ed in a black hole of accountability, with the Dutch tax authorities 

trusting an algorithm to help in decision-making without proper 

oversight (Dutch Childcare Benefit Scandal an Urgent Wake-up 

Call to Ban Racist Algorithms, 2021).

	 Knowing all this, I was uncertain whether this was a place 

I was willing to commit to. On the other hand, it is easy to be crit-

ical from the outside with little knowledge of the situation. I do 

not have the impression that I need to solve or foresee anything 

through art. However, I did see the problem of an abstraction tak-

ing place. Similar to the type of abstractions in science that I find 

interesting to research and make experienceable.

	 I decided to do this under the conditions that I could be 

critical. During my residency’s first period, I wandered through 

the ministry. They introduced me to the various departments and 

showed me what they do. I decided to listen like a fly on the wall to 

the snippets of conversations I heard passing by. The gossip, frus-

trations and victories shared at the coffee machine. As it turned 

out, it was not at all that unified. Each department has its own cor-

ridor of flex spaces where everyone still has a personal favourite 

spot. They hardly know each other as soon as it is outside their 

area. Added to that, I must say it was a difficult period to observe 

because there was also corona. 
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The pandemic made that only a minimal number of employees 

were there daily. Everyone had certain days they were allowed to 

come to the office. One of the first observations was that finding 

someone to take responsibility for a decision whenever I wanted 

something was challenging. There was always someone else who 

might also have to make that decision.

	 The Art Commission of the Ministry of Finance aims to in-

spire, connect and keep the dialogue alive. The finance ministry 

has developed themes for itself they want to work on. One is envi-

ronmental awareness and transparency. Out of everything I came 

across, I found it interesting that they have this as a top priority. If 

there was anything I needed to see more effort for was the acces-

sibility, transparency or environmental awareness of the ministry. 

There are very few places where the outside world felt as distant 

to me as inside the ministry. The civil servants also have a consid-

erable distance from each other. Meanwhile, outside the walls, I 

also gauged the mood around the ministry. I mainly felt distance, 

distrust and criticism. 

	 Enough forces are going on around the ministry regarding 

criticism and points of improvement. I do not see myself as the right 

person to contribute anything meaningful. I wanted to find a way 

to bridge these distances, the distance to each other and to take 

responsibility. I wanted a work that brings the outside world in and 

the ministry out. After a month of observation, I proposed to create 

a work outside on the ministry square. Immediately it became clear 

that the ministry had never done anything out in public space for 

fear of criticism. Therefore I noticed an enormous cautiousness to 

do anything related to the outside world. I was surprised by this 

because it seemed like a contradiction to the ministry’s top priori-

ty: to create transparency and contact with the outside world. 
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Fig. 64  Brainstorm
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The aversion and ignorance of new technology within the ministry 

are alarming. People do what they are asked to do and assume it is 

correct. At the same time, I also found it difficult to blame them. 

I can understand that when there is absolutely no knowledge of 

artificial intelligence or the ethical issues surrounding new tech-

nologies, you do not engage in those and trust your employer to 

let you work with something right. However, try to find the person 

who, in that vast network of ministry, sees themself as the person 

in charge.

	 It was a quest as to what I could do. What did I want to 

make in this environment? I felt the work had to be something that 

is accessible. The audience is not an experienced art audience. A 

considerable part has little to no experience with art. In addition, 

I wanted to place it in the public space and was looking for a con-

nection. So it could not be a work so abstract that the man from 

the fish stand next to the ministry could not relate to it at all. Nor 

did I want to make a work that was not critical of the ministry’s sit-

uation regarding the use of technology and the enormous separa-

tion it causes in society. The concept developed into a robotic arm 

that engraves portraits on the ministry’s square. A tangible form of 

technology that can make visible how much care and human atten-

tion is needed to make it work properly.

	 A robotic arm is programmed to make an effort to capture 

and engrave you. Through the robotic arm, the person being por-

trayed works with me to create a final work. Each of us is needed in 

this process to create the work.

	 The way these portraits would look and come together 

went between being enormous and demanding one’s attention to 

something very subtle and requiring your attention to look careful-

ly. I ended up with the subtle version because I like it when people 

have to put in the effort and take their time.
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Fig. 65 First sketch of possible robot interaction with the public

Fig. 66 Sketch portraits at the entrance
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Fig. 67 Sketch portraits on the main square inside but not available for public

Fig. 68 First proposal to have the portraits on the outside wall of the building next           

            to the entrance
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Fig. 69 Sketch big maze outside with portraits on the inside
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Fig. 70 Sketch option of walkthrough

Fig. 71 Form studies on the shapes for outside
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Fig. 72 First sketch final idea for ZIEN

Fig. 73 Sketch towers outside 
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The idea I proposed resonated with the art committee. I was the 

very first artist ever to create a work within the walls of the min-

istry, I did not expected the enormous struggle that needed to 

be made to get everyone to agree that this work could be there. 

I had to take my plan to the top of the ministry to explain what I 

would do and why it was important. Making it clear to them that 

the nerves they felt about going public were the very reason to do 

it if they really wanted contact. In the months of this process, I 

had never experienced this sluggishness. I thought the pink oyster 

mushrooms were slow. They were swift and predictable compared 

to the process of a Ministry.

	 It initially discouraged me until I thought about how 

Christo compared his process and the complexity of getting au-

thorities to go along with it to playing poker. Where the process is 

already part of your work, I could slowly see the process of ‘ZIEN’ 

as the space that needed to be claimed-to break literally through 

the walls of ministry.

	 The struggle I faced within the ministry was so intense 

that I could not do this alone. I collaborated with Bashir Bastani to 

design the background for the portraits. I was looking for a visual 

with a slight hint of coins focusing on the connecting factors within 

the Netherlands. Between water and land. Nature and technology. 

Man-made and Nature Force. From the different designs, we finally 

arrived at a design inspired by the seafloor and the Netherlands’ 

road network.(Fig. 75,Fig, 76, Fig. 77)
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Fig. 74 One of the many interaction explanations of the work 

this one was particularly for the legal department
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Fig. 75 Coin design 1 Bashir Bastan
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Fig. 76 Coin design 2 Bashir Bastan
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Fig. 77 Coin design 2 Bashir Bastan
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I worked with Amir Bastani from the Creative Robotics lab at the 

Art University Linz on the interaction and engraving with the ro-

bot arm. Bit by bit, the work came together on the conceptual and 

creative side as well as on the productional and practical side of 

the ministry. It was a process of getting to know the quality of the 

material of the mirrors and finding out what kind of laser engraver 

would work with what settings. Could we do the movement with 

the robotic arm, or did we have to find a laser engraver with the 

movement within itself? IIWA turned out not to be fast enough to 

engrave. Therefore we decided to work with a laser engraver that 

IIWA kept in place. This process of researching the materials and 

technology you are working with was also something that made the 

people from the ministry feel insecure. They wanted clear answers 

on how something would work, which forced me to find the bal-

ance between technology and human expectation. I needed time 

to find out what IIWA was capable of. I also needed time to deter-

mine what the laser engraver could or could not do. I explained 

to process and what it means to work with the uncertainty of not 

being sure what will come out. I noticed that making them part of 

the little steps did not take away any concerns from them. There-

fore I decided that this is just something they have to deal with. I 

am dealing with it, and I asked them to do the same and to dare to 

trust the process.

	 Six months later than planned, we finally placed IIWA, the 

robotic arm, in front of the Ministry of Finance to start working on 

‘ZIEN’. ‘ZIEN’ is created in five days from the cooperation between 

the robot arm IIWA and humans. The robot engraves portraits of 

interested passers-by in mirrors on the square in front of the Min-

istry of Finance. I used these portraits to build the installation on 

the spot.	
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Fig. 78 Testing the laser engraving and light
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Fig. 79 Testing engraving set-up IIWA 
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Fig. 80 Building ZIEN at Ministry of Finance 
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Fig. 81 Amir programming IIWA 
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I wanted to make the participants and bypassers feel the process of 

‘ZIEN’. Therefore, Amir and I worked on the patch of ‘ZIEN’ during 

these five days on the spot in the hybrid visual/textual live-pro-

gramming environment called VVVV.

	 Working with technology such as a robotic arm and a laser 

engraver requires an awareness of safety. Even the photos we took 

of participants had to be done in an ethical way where we could 

guarantee them that their data would be removed immediately af-

ter engraving. This safety and human oversight is key to working 

with technology and the concept behind ‘ZIEN’. ‘ZIEN’ examines 

the relationship we, as individuals and as a society, want to have 

with technology.

	 Working with IIWA outside gave me an insight into the 

sensitivity of technology. For the safety of the arm, we brought it 

inside every day. This made us have to calibrate IIWA every day. 

Even though the basics were the same, we could never assume that 

without testing it and ensuring it would work. Factors such as an 

uneven surface and constantly changing light affected the process 

of engraving a proper portrait.

	 This week, we had multiple people coming by on various 

days to see how the process was going and also noticing the small 

changes we were making in engraving and building the towers.

	 After five days, the towers were finished. The work will re-

main on the square in front of the Ministry of Finance until early 

2023. I am developing a side program with WAAG Society to keep 

using the space created by ‘ZIEN’. This will take place in early 2023.
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Fig. 82 Part of ZIEN patch in VVVV gamma
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Fig. 84 Amir and Noor working on the patch of ZIEN

Fig. 83 Working with Amir Bastani outside during ZIEN

Fig. 84 Side view ZIEN
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Fig. 85 Citizen of the Hague interacting with ZIEN

Fig. 86 Cleaning station ZIEN
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Fig. 87 ZIEN front view

Fig. 88 Warning instruction ZIEN
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Fig. 89 Laser engraver

Fig. 90 Portraits to be cleaned



126

   

ZIEN

Fig. 91 Taking the picture for a portrait 
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Fig. 92 Cleaning the portraits

Fig. 93 Building the towers
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The concept proposal by Thais Costa from WAAG Society is ‘Maken 

om te zien’ (Making in order to see), a side program composed of a 

series of four public events. The program brings together diverse 

groups of people to collaboratively reflect on their role as citizens 

and their place in society. This includes participants from diverse 

backgrounds working in the Dutch Ministries and the general pub-

lic.

	 The activities make space to experiment and share per-

spectives regarding the systems that rule society, such as tech-

nologies, governmental bodies and ruling laws. The side program 

seeks to answer “how might we bridge existing communication 

gaps between citizens and government and bring in new perspec-

tives on the role of technology in society?”

	 The program explores critical making and co-creative ap-

proaches to engage citizens of the Netherlands in makership while 

critically reflecting on and discussing contemporary social issues. 

Critical making is an approach based on the maker culture. It aims 

to understand how art, design and technology can fulfil a critical 

and reflective role in society, including the possibility of revealing 

and challenging power relations. Thus, making is an important re-

source for discussing difficult topics in an approachable and safe 

way:

1.	 It enables people to concretise and contextualise ideas as 

well as understand their own perspective on a subject.

2.	 When making things concrete, people are able to discuss 

different opinions and speak more confidently about conflicting 

ideas when presenting them through an object or concept at hand.

3.	 Making together is a valuable process that supports hu-

man connection by experimenting, experiencing and ideating to-

gether..
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The makership practices that we will explore address the intersec-

tion of art, technology and society. Critical making involves using 

technological tools to reflect on the role of technology in our cur-

rent systems and imagining a future that is open, fair and inclusive. 

A future that rethinks our position in society as citizens that share 

common goals of justice and fair opportunities for all. Making to-

gether is an enriching process that brings in new ways of looking 

at these topics and provides an opportunity to bridge the gap be-

tween different target groups and diverse opinions.

I hope ‘ZIEN’ is an invitation to reflect and take responsibility. To 

keep seeing yourself and others. Sometimes it may seem that you 

are absorbed in the vastness of the bigger whole. By keeping an eye 

on the details, you are able to remain seeing.
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Fig. 94 Opening ZIEN by Jan van Zanen, Mayor of The Hague and Han van Gelder, 

Deputy Secretary-General of the Ministry of Finance
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Fig. 95 ZIEN during opening
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INSTALLATION

The work ‘ZIEN’ consists of two phases. Phase one is creating the 

work ‘ZIEN’ with a robotic arm IIWA during a specific period. Phase 

two is the final work of multiple towers with portraits engraved on 

mirrors that has light from the inside. When presenting the work, it 

has to be decided to repeat the whole process or exhibit the towers 

created in May 2022. It can be presented indoors and outdoors. 

When shown outside, the environmental conditions should be kept 

in mind.

Dimensions

1 tower with mirrors 30x30x152 cm

2 towers with mirrors 30x30x182 cm

2 towers with mirrors 30x30x212 cm

2 waterproof electricity safety boxes
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2,80m

2,90m

2,35m

1,90m

1,90m

1,60m

3,55m

3,80m
1,15m

4,20m

4,40m

2,40m

Fig. 96 Topview placing towers of  ZIEN at Ministry of Finance
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CARE

On the topic of care ‘ZIEN’  asked for a very different type of care. 

The care needed from my side on the technical part was mostly on 

safety. Safety for the people who were interacting with the work. 

Physically but also with their data. It was for me, being aware of the 

sensitivities of the ministry, important to be extremely careful with 

this and ensure that the experience was safe.

	 The physical safety of working with a robot and laser en-

graver asks for a constant awareness of the environment. It was 

essential to create indirect indications and direct instructions for 

people on how they behave around the robot. Amir and I agreed 

that one of us was behind the computer and consol of IIWA. We 

could stop the robot arm and the laser engraver if anything goes 

wrong.

	 Another part to consider was that we were working out-

side and that the final work would stay outside—this required extra 

caution regarding the design and placement of the various compo-

nents. Because the work is outdoors, it is subject to the weather. As 

a result, the work gets dirty quickly. The ministry now includes the 

work in their weekly cleaning. The impact of weather and long days 

working outside also had a massive impact on the team that made 

‘ZIEN’. It should not be underestimated how well you have to take 

care of yourself when you are constantly in a public process like 

this.

	 I did not expect this project to make me so aware of the 

urgency of taking care of myself, my process and also the human 

and non-human with whom I work. 
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How do I stay close to myself and what I stand for? It meant I had 

to stay true to what I wanted to create within a ministry with many 

agendas. I was tossed back and forth between how they envisioned 

the work and what I wanted it to be. Something I also described ear-

lier was the space you need as an artist to experiment. Get to know 

the material and technology you are working with. The choice to 

have ‘ZIEN’ focus so much on the process is also a response to how 

little space I felt for process and development within the ministry. 

I observed this in how they interacted with me as well as how they 

handled their own work.

	 This work now belongs to the Ministry of Finance, which 

means that I no longer directly take care of the work and what hap-

pens to it. I wrote a very extended technical and care rider for this 

work so they can adequately take care of it. Despite this, in the 

background, I do of course remain involved with the condition of 

the work and, when  and how it will be exhibited in other places.
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Fig. 97 Close-up portrait ZIEN on the tower when light is off
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Fig. 98 Close-up portrait ZIEN on the tower when light is on
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‘FadingColours’ intertwines living algae and almost real-time cor-

al bleaching data. In this partly interactive installation, the living 

conditions of the algae are influenced by the almost real-time data 

on coral bleaching. The five living data sculptures are connected to 

National Oceanic and Atmospheric Association (NOAA) Coral Reef 

Watch, which is used to observe and research coral reefs world-

wide. The algae create a tangible reflection of the situation of their 

species and the corals under the sea surface. ‘FadingColours’ is ex-

hibited at Ars Electronica 2022 - Linz, Welcome to Our Guesthouse 

2022 - Rotterdam and WIP festival 2022 - Nicosia.

FadingColours
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Fig. 99 FadingColours - Welcome to Our Guesthouse, Rotterdam   
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CONCEPT

Coral reefs are one of the most vulnerable ecosystems on the plan-

et. They are also called the “rainforests of the sea” because of their 

rich biodiversity that significantly benefits our planet and human-

kind. Corals remain a mystery to many, who may not know they are 

living organisms. Environmental stresses, like higher water tem-

peratures, can cause coral bleaching. Although corals are animals, 

they also contain single-cell organisms called zooxanthellae that 

can photosynthesise, enabling the corals to share in energy cap-

tured directly from the sun. Coral bleaching is one of the most vis-

ible signs that the reefs are in trouble. Pushing out their beneficial 

algae, the corals begin to starve.

	 Our world is literally losing colour with the bleaching and 

disappearance of our corals. Conservationists have sounded the 

alarms about the death of coral reefs for decades. However, most 

people are still determining what a coral is and what these warn-

ings actually mean. How can we expect to get someone to care 

about the coral reefs when it is an abstract thing they can barely 

relate to? If they do not understand what a coral is or what the data 

about them tells us. How can we expect people to care about saving 

them?

	 As Thom van Dooren states in his book ‘Flight ways: life 

and loss at the edge of extinction’, “the brand of holist ecological 

philosophy that emphasises that ‘everything is connected to ev-

erything’ will not help us here. Rather, everything is connected to 

something, which is connected to something else.
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Fig. 100 A fire coral in Bermuda, before and after bleaching by XL Catlin Seaview 

Survey
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While we may all ultimately be connected to one another, the spec-

ificity and proximity of connections matters—who we are bound up 

with and in what ways. Life and death happen inside these relation-

ships. And so, we need to understand how particular human com-

munities, as well as those of other living beings, are entangled, and 

how these entanglements are implicated in the production of both 

extinctions and their accompanying patterns of amplified death.” 

(Van Dooren, 2016, p.60)

	 ‘FadingColours’ is an interactive installation that inter-

twines living algae and coral bleaching data. Based on the technol-

ogies and data used to observe, care and understand corals and al-

gae. In these sculptures, I grow living algae. Each of the sculptures 

connects to a coral reef around the world via NOAA’s Coral Reef 

Watch. The algae environment is directly linked to the reef data 

they represent. The data influences their environment in order to 

create living sculptures that reflect in their colour and light the 

state of the coral and their algae in the ocean. Behind the statues is 

a screen with a rotary device. One can rotate the black disk under 

the screen to explore the situation of all the reefs connected to 

NOAA’s Coral Reef Watch. 

	 We can learn to listen to the signs of other systems instead 

of taking them over or leaving them behind, especially with natural 

systems that live in such a different environment than we do. 

‘FadingColours’ is creating an ecosystem of tangible data sculp-

tures to tell a coral-algae narrative about our world. It aims to 

blend the digital and the natural to show us the fragile balance of 

the symbiotic relationship between coral and algae through a tan-

gible living and digital representation of their living situation in the 

present moment. In order to give one a more intimate and direct 

opportunity to get to know them.
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Fig. 101 Living data sculpture connected to a reef with no stress
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PROCESS

I have always been drawn to the ocean. One of my big passions 

is scuba diving. Scuba diving allows you to enter a world we do 

not belong to. Being dependent on your air tank, mask, and other 

equipment is a constant reminder that this is not an environment 

where we are supposed to be. It is magical that we can be under-

water despite this. You must slow down when you descend to allow 

your body to adapt. You breathe in and out as calmly as you can. 

Never hold your breath. Your body cannot tolerate this underwater. 

The slower you move and breathe, the longer you can stay down. It 

is dangerous underwater, so you can never be alone. You keep an 

eye on each other. If anything goes wrong, it may endanger your 

life. The underwater world is one of the places where you remem-

ber how fragile our lives are.

	 One can think why to take all those risks and all the hassle. 

Once you are there, it is like being on another planet, another uni-

verse. You cannot talk. Just watch. You hold your arms tightly and 

minimise any movement that might accidentally damage anything. 

Then you can get so close to underwater life. They swim all around 

you. They shoot away when you see them. They come to you to see 

what you are. The more you know about them, the more fascinating 

your encounters become. The intelligence of octopuses, the force 

of the water, and the colours and textures of corals and seaweeds. 

When you dive, you almost always visit a coral reef. Coral reefs are 

like the cities of the ocean. When diving, you will almost certainly 

visit a coral reef. Coral reefs are like the cities of the sea.
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Fig. 102 Noor diving
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So many species congregate here. They nourish, and they repro-

duce. They hunt and find protection; the foundation of it is the 

corals themselves. The little animals are often mistaken for plants. 

When you get out there, you see the beauty and the painful reality. 

Coral reefs that have lost all their colour. Coral bleaching happens 

when sea temperatures become too high or low. These little tem-

perature changes can cause coral to drive out their algae. Coral 

polyps live in a symbiotic relationship with algae called zooxanthel-

lae- they live inside the coral and provide 90% of the food corals 

need. Zooxanthellae are also responsible for their bright colours.

	 Once you encounter a reef like this, you immediately no-

tice the difference. The liveliness is not there. Once you surface 

again, the underwater world feels like a dream you have visited.

	 Obviously, there have been alarming reports about the sit-

uation of the coral reefs for years. Even though you have been there 

- what is told about coral bleaching can still feel hard to grasp. I 

have little feeling for numbers or graphs. I understand them but 

do not feel them. So I wondered, isn’t there a way to make the data 

tangible? After all, data tells a story. Data relates and is constantly 

changing.

	 In order to find a more specific connection between us and 

the corals and algae living so far away from us, I want to bridge hu-

mans towards the coral-algae narrative through Donna Haraway’s 

tentacular thinking. Tentacular thinking is the ability to perceive 

the world by touching, feeling and experiencing things. Humans 

can use it to gain new knowledge, understanding and experience 

of the other and the unknown in a different way (Haraway, 2016).

	 What materialised strategies can we use to relate to this 

abstract species? Can we use the combination of the technologies 

used to observe, care and understand corals and algae as well for
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us to create an understanding and connection to them?

	 The idea for this installation started with three pieces of 

research in parallel. First, I wanted algae or corals to tell the story 

of their situation. I looked into the possibilities of working with 

corals, but this was so complex that I decided to move on with the 

algae. From my experience with mushrooms, I knew that it takes a 

while to get to know the behaviour and preferences of a species.

So my first step was to decide on a type of algae I wanted to work 

with and to get them.

	 I ordered a little bottle of spirulina algae from Sweden. 

They are not the same as living in corals, but they can survive in-

dependently, and there is enough information available on how to 

feed them.

	 I knew I wanted to influence the living conditions of these 

algae and that I wanted them in a larger amount than the 100ml I 

had from Sweden.

	 I started my own spirulina farm to increase the amount of 

spirulina. For months I started observing their natural behaviour 

in the water tanks. I started experimenting with the amount of air, 

movement, type of light, and temperature.
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Fig. 103 Noor divingFig. 103 Preparing food for the algae
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Fig. 104 Algaefarm
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Fig. 105 Test setup
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Fig. 106 Test setup difference in movement
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Fig. 107 Light and temperature test algae   	
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Fig. 108 Air, light and temperature test
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Fig. 109 Air test algae

Fig. 110 Light and temperature test algae top view
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I noticed that the algae react to movement, light and temperature 

change and that I could make them float to the top of the water 

they live in without them dying or damaging. For me, this behaviour 

had a similar quality as the bleaching since the appearance of their 

environment changed from deep green to yellow and eventually 

transparent water.

	 Next to this, I was researching the textures of corals. Ini-

tially, my idea was to create sculptures with a similar texture as the 

corals since I was already working with the algae. For this part, I 

was in contact with the Functional Reef Ecology Lab based at the 

Institute of Oceanography (NTU, Taiwan) and using the open-ac-

cess archive of Corallum Fabrica. An open-science project dedicat-

ed to the 3D structure of coral skeletons involving designers and 

scientists. Coral samples have been imaged using x-ray tomogra-

phy, and high-resolution 3D models of their structures have been 

elaborated. The generated data form the core of this open-access 

archive of coral structures and can be used for research purpos-

es and scientific mediation to a broad audience (CorallumFabrica, 

n.d.). I wanted to use these 3D scans to 3D print sculptures for the 

algae to live in.
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Fig. 111 Light and temperature test algae top viewFig. 111 Sketch installation
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I had several 3-D scans of different corals. From these scans, I made 

3D objects to 3D print. However, the structures of the corals turned 

out to be so complicated that it appeared impossible to print them 

watertight within the possibilities I had available. While doing so, I 

felt I was translating too directly using printed corals with algae. I 

was afraid that the focus would disappear to the sculptures’ shapes 

and textures rather than the process of the algae being influenced 

by the data. I wanted to make visible the process that takes place 

inside the coral and not again the beauty of the outside. Taking 

these thoughts into account, I decided to do the complete opposite 

visually of the complex structures of corals. I chose to show the 

algae in 1000ml glass carafes. This also gave me the liberty that the 

coral sculpture did not have to match the reef it was connected to.
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Fig. 112 3D scan coral
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Fig. 113 3D model coral
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The last part was the data on coral bleaching. The core of the story 

this work has to tell. I found the NOAA Coral Reef Watch. This free 

online tool provides a global analysis of sea surface temperature 

(SST) and outlooks to identify coral reefs at risk of bleaching. NOAA 

uses near-real-time and historical satellite SST measurements to 

determine the global temperature threshold of coral reefs (NOAA 

Coral Reef Watch Daily 5km Regional Virtual Stations, n.d.). Erick 

Geiger, one of NOAA Coral Reef Watch Scientists, helped me access 

the API of their website, where they update this data almost daily.

	 With access to their data, I worked with Amir Bastani on 

developing a VVVV patch for receiving this data, translating it into 

actions for the sculptures and sending it via MQTT1 to the ESPS32 

microcontroller in the five sculptures. Simultaneously, the infor-

mation is also visible on the screen behind the work so visitors can 

explore all the 214 reef stations by rotating a disk under the screen.  

The following are the five states that a coral reef can be in and the 

implementation in the sculptures.

1 MQTT is the most commonly used messaging protocol for the Internet of Things 
(IoT).A protocol is a set of rules that defines how IoT devices can publish and subscribe 
to data over the Internet. The sender (Publisher) and the receiver (Subscriber) com-
municate via Topics and are decoupled from each other. The MQTT broker handles 
the connection between them. The MQTT broker filters all incoming messages and 
distributes them correctly to the Subscribers. (MQTT Essential Series | HiveMQ | All 
Core MQTT Concepts Explained, n.d.)
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Alert level Effect Translation in FC

No Stress No bleaching Algae are moving, and 
bright green

Bleaching Watch Low chance of 
bleaching

Algae are getting less 
light but still, enough 
movement to stay 
green

Bleaching Warning Possible bleaching Algae are getting 
more yellow light and 
irregular movement. 
Creating less dense 
green sculptures.

Bleaching alert 1 Significant bleaching 
likely

Algae are getting no 
movement and more 
blue light. Algae start 
hovering in the sculp-
ture in clumps.

Bleaching alert 2 Servere bleaching and 
significant mortality 
likely

Algae are getting no 
movement and just 
bright light which 
raises the tempera-
ture slightly. They 
start floating on top 
of the sculpture. 
Creating transparent 
water.

Tabel 2 Coral Reef states 
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Fig. 114 NOAA Coral Reef Watch overview google maps (7 Dec 2022)
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Fig. 115 Visualisation screen of NOAA Coral Reef Watch for the data FadingColours
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Fig. 116 VVVV gamma main patch FadingColours
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Fig. 117 VVVV gamma receiving data FadingColours 
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Fig. 118 VVVV gamma publishing sculpture status FadingColours 
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Fig. 119 Livingdata sculpture bleaching alert 1 and screen with visualisation
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Fig. 120 Visitors explore data visualisation screen 
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I noticed while working on ‘FadingColours’ that when I was talking 

with people about this work, they always came up with ideas of 

how to make the installation more interactive for humans. I want-

ed this precisely not because it is about the interactivity between 

the data and the algae. It is not about being able to directly do 

an action yourself and then see the consequence in the algae. On 

the contrary, I wanted the visitor to experience a different rhythm 

once again. I got the comment that this data might be too slow to 

see the difference. That is right - you cannot see the difference in 

a day. Nor do you have to. I am not trying to provide you with quick 

access to information. I want you to make an effort to explore who 

they are. What they can show you.

	 At the same time, I did realise that this is a work that needs 

background knowledge about the relationship between coral and 

algae. Furthermore, it requires the opportunity for humans to ex-

plore what the sculptures are related to. That is why I eventually 

included the visualisation screen.

	 At the top of the screen, you see the locations of the five 

sculptures in the same order they are exhibited. Below that, you 

see the state of the reef, and via a line in the colour corresponding 

to the sculpture’s colour, you see where this reef is located. Below 

the screen is a rotating disk that allows the visitor to view the other 

reefs. These reefs’ names and states appear at the bottom of the 

screen. Thus, a visitor cannot change the state of the sculptures. 

Only the coral reefs can.
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Fig. 121 FadingColours interaction

Fig. 122 FadingColours close-up
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Fig. 123 FadingColours interaction with visitor Ars Electronica 2022

Fig. 124 FadingColours screen and sculpture Ars Electronica 2022
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INSTALLATION

‘FadingColours’ host living algae. In order to keep them alive and 

healthy, this installation requires extra attention to the algae sit-

uation during the exhibition. The temperature in the room can, 

therefore, not be under 18 °C. In order to see algae behaviour, the 

best indoor presentation is preferred in a dark or twilight environ-

ment.

	 ‘FadingColours’ exist out of five living data sculptures of 

120cm high. Each sculpture consists of one metal frame, one metal 

bucket with inside one ESP32 microcontroller, one air pump, one 

light ring and one power bank. The bucket has a plastic lid with the 

light ring built in. On top of this lid is a 20cm high glass vase which 

is ⅓ filled with living algae. The ESP32 in the bucket is connected 

to the wifi (2.4ghz bandwidth). This is how each sculpture receives 

its information. The five sculptures are placed in a triangular shape 

within the centre behind them, a 43-inch monitor. Under this mon-

itor is a black rotary device mounted. This monitor is connected to 

a computer that runs VVVV Gamma version 2021.4.10 and is con-

nected to the wifi.

	 The websites public.cloud.shiftr.io and port 1883 should be 

excluded from the firewall for ‘FadingColours’ to connect and send 

the data of NOAA’s Coral Reef Watch.
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Dimensions

5x black metal pedestal  23x23x100cm

5x glass vases 1000ml

5x metal bucket

5x plastic lid with light ring

5x esp32

5x airpump

1x 43 inch monitor

1x windows computer

1x black rotary device 15⌀

Fig. 125 Topview Setup FadingColours
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CARE

The care for ‘FadingColours’ is very different from ‘RHIZA’s’. In com-

parison, pink oyster mushrooms need constant care and particu-

lar conditions. For the spirulina algae, it is essential that the water 

they reside in has the right amount of nutrition and PH values.

	 This makes exhibiting algae a lot easier than mushrooms. 

When the algae are planned to be shown in ‘FadingColours’. I ex-

tract a small amount of spirulina from the algae farm. These al-

gae are given fresh water and new nutrition, which causes them to 

multiply by not exhibiting them directly from the farm that already 

has a balanced ratio of water-food to algae. I transport them with 

a wider ratio of water-food to algae. This allows them to live lon-

ger in this environment without needing extra care. The sculptures 

work on power banks, therefore the bucket must be opened every 

evening to take them out and recharge. This also creates a moment 

when all the vases with algae get movement. If the algae associated 

with a coral reef that is in a critical situation have no movement 

during the day, This can cause some of the algae to die off in the 

long run. Hence, intermediate movement is vital for all sculptures 

to remain healthy.

	 To continue exhibiting this work, I have a spirulina farm in 

my house for the time being. I have to feed and change weekly to 

ensure the algae stay healthy. It is quite a commitment to have a 

constant care factor in your daily life for your artwork. At the same 

time, I still enjoy experimenting with them and seeing what else we 

can do together. ‘FadingColours’ is relatively easy to take care of 

for others. There is no need for specific knowledge or skills for the 

exhibiting partner to exhibit ‘FadingColours’.
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‘ZOE’ is a temporary co-existence between the reishi mushrooms 

and a custom-made robotic system. ‘ZOE’ explores the possibilities 

of internal communication between its robotic system and reishi. 

Within this seeming paradox between nature and technology an 

ecosystem occurs that cares for and affects each other through 

sensing technologies. A tactile space of data visualisations is cre-

ated around ‘ZOE’ in which visitors can explore ‘ZOE’s’ outcome. 

‘ZOE’ is created during the one-month residency Welcome to Our 

Guesthouse 2022 at theatre Rotterdam as part of ACT.

ZOE
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Fig. 127 ZOE - Welcome to Our Guesthouse, Rotterdam   
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CONCEPT

‘ZOE’ is a temporary co-existence between the reishi mushrooms 

and a custom-made robotic system. Noor Stenfert Kroese and Amir 

Bastani explore with ‘ZOE’ the possibilities of internal communi-

cation between its robotic system and reishi. Within this seeming 

paradox between nature and technology, an ecosystem occurs that 

cares for and affects each other through sensing technologies.

	 Our future can not be one where technology is in op-

position to or a destruction of the natural environment. Without 

claiming that we know what nature wants or needs. ‘ZOE’ creates a 

possibility of unknowns coming together. It continues onto the re-

search of the interaction within fungal mycelia networks. Scientists 

discovered that fungi transmit information through their network 

using electrical impulses. To this day, they do not know what this 

communication entails. It is the curiosity of what happens when 

we do not assume the outcome or interpret it through thinking but 

give it space to be with and experience it.

	 ‘ZOE’ is inspired by philosopher Rosi Braidotti (2017). Sim-

plified, the suggestion is to replace the idea of life understood as 

‘bios’-- human life with ‘Zoe’ – all forms of life, which questions us 

about repositioning our way of taking part in this world. Instead, 

from the perspective of us humans being on the outside looking to 

the rest as if we are not part of it, ‘Zoe’ places everything, including 

us, in relation with the others as being part of it. For ‘Zoe’ to hap-

pen, we must search for a new ‘we’.
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What kind of new ‘we’ do we experience when it is not about us? 

‘ZOE’ shifts the attention to the relationality of all that is involved. 

‘ZOE’ creates around itself a space of sensory data visualisations. 

It opens up a way to relate to the unknown mushroom commu-

nication in ‘ZOE’. Visually, auditory and tactile translations of the 

data flowing out of ‘ZOE’s’ temporary co-existence are there for 

the visitor to explore.

	 ‘ZOE’ is part of ACT: Art, Climate, Transition, a European 

cooperation project on ecology, climate change and social transi-

tion. In an era of climate breakdown, pandemics, mass extinction 

and growing inequalities, we join our forces in a project on hope: 

connecting broad perspectives with specific, localised possibilities, 

ones that invite or demand that we ACT.
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PROCESS

‘ZOE’ started as a shower thought – could there be an internal 

communication between fungi and a robot?

	 Knowing that fungi communicate through electrical sig-

nals, it made sense to me that it should be possible to connect that 

to another network that also uses information and electric signals 

to operate. It was like RHIZA, ZIEN, and FadingColours came to-

gether in my head. The fungi with their signals, the amount of care 

and attention they need and the precision of the robotic arm, the 

possibility of repetition and constant attention. Furthermore, lat-

er in the process, the storytelling and tangible experience of data 

showed up as in FadingColours.

	 At the same time, I wanted to improve my knowledge and 

skills in mycelium and mushroom growing. I reached out to the 

Mushroom Research Center Austra (MrcA) to ask if they could help 

me learn low-tech ways of growing oyster mushrooms and get to 

know more types of mushrooms, their qualities and how to grow 

them. They agreed, and in June 2022, I went for a three-day crash 

course on mushroom growing in Innsbruck.

	 Before going there, I got the question from Theater Rot-

terdam if I wanted to participate in their residency Welcome to Our 

Guesthouse. A one-month residency where I would get the space 

and time to work on a research project. It was a good place to start 

my research into the possibility of creating this internal communi-

cation.
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Fig. 128 MRCA autoclave 

Fig. 129 MRCA growing room 
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Having this in mind, I searched for the type of mushroom that 

would suit this experiment. I wanted one that had a longer life span 

than the 5-7 days of the oyster mushroom. Then I got to know the 

reishi mushroom, a light-sensitive mushroom that grows slowly 

over time. It is quite sturdy and alien like beautiful. Another name 

for them is Ganoderma, a species of Basidiomycota mushrooms. 

They grow on dead trees all over the world. Ganoderma means 

Ganno - shinning Derma - skin. They are probably named like this 

because of their beautiful shiny brown-yellow skin.

Fig. 130 Mycelium on agar plate MRCA 
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Fig. 131 Reishi in ZOE 
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Fig. 132 First sketch ZOE 
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The title I used as the working title was A.S. – Artificial Symbiose. 

Symbiosis is a term used to describe any relationship or interaction 

between two dissimilar organisms. For me, symbiosis can be seen 

as the art of living together.  

	 How to bring these together? What kind of robot had to 

take care of them? Should it move the mushrooms around? Should 

it move between the mushroom? To the mushrooms? Above? Is it a 

moving platform, a quadroped robot or a robotic arm?

	 Amir Bastani and I thought of many options for what type 

of robot the mushrooms would need to take care of them. I wanted 

the robotic system and mushrooms to envision the possibility of 

harmonious flowing together of technological media and organic 

material. So it had to make sense to the needs of the reishi. We 

knew the reishi needed a closed environment with a very high CO₂  

and humidity level to grow as antlers. Therefore it made sense that 

the robot had to be in the same environment as the reishi if it want-

ed to be a genuine part of the ecosystem. It also raised the question 

of what the robot had to be able to do. What kind of actions and 

what could it provide? Soon it became clear that this was more 

than just a robotic arm we needed. We had to build a custom-made 

robotic system for this idea.

	 A robotic system needs input to know what to do and 

when. So we had to make sure we would gather enough data from 

the environment of ‘ZOE’ to create a relation between what was 

going on in the mushrooms, in the environment of the mushrooms 

and what the robotic system would do. The aim was not just to cre-

ate a system that would observe the mushrooms but also influence 

them based on the input of the mushrooms themselves. 
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 I designed a system that would measure the activity of the signals 

of the reishi and the environmental factors for reishi growth: CO₂, 

temperature and humidity.

	 The sensors used to measure the activity of the reishi are 

an updated version of the ones used in RHIZA. To do this, I con-

sulted Prof. Andrew Adamatzky, director of the Unconventional 

Computing Laboratory at the University of the West of England. 

He published in early 2022 a paper called “the Language of fungi 

derived from their electrical spiking activity” (Adamatzky, n.d.). We 

were in contact, and he explained how they measured these signals 

and updated mine accordingly. 

	 The robotic system had to be a closed environment with 

two fans to let the air in and out to regulate the CO₂. Ceramic infra-

red heat lamps would go on and off to keep the temperature inside 

‘ZOE’ around 25 °C. A humidifier to make sure the humidity stays 

high enough. The sensor I used to measure the environment is the 

SEK-SCD41-sensor by SENSIRION. The robotic arm IIWA is hung 

from the centre of the big cube, mounted on IIWA a camera, light, 

and the humidifier’s end. This was the base of the robotic system 

with which we would start our residency at Theatre Rotterdam. 
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Fig. 133 Updating the bio sensors
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Fig. 134 Sketch ZOE  space



189

Fig. 135 Sketch ZOE big cube
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Fig. 136  Growing test reishi vase in bio lab Ars Electronica Center
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After trying out the possibilities of working with reishi by growing 

one vase of reishi in the bio lab of Ars Electronica, I grew with the 

help of MrcA 20 glass cubes with two types of reishi. The Hungar-

ian and Chinese reishi. The Chinese reishi is more light-sensitive, 

and the Hungarian is slightly less sensitive.

	 I arrived in Rotterdam with IIWA and the 20 reishi cubes. 

They had already built the big cube. Our first task was integrating 

IIWA, the sensors and all the other parts of the robotic system. This 

system was something no one could know if it would work. I made 

it up based on my experience with mushrooms and robotics. I was 

asking for the expertise of the MrcA and the Creative Robotics lab 

in Linz, but of course, they could only partially oversee the compli-

cations of this system. 

	 Reishi’s are just like all fungi, very sensitive to their envi-

ronment. The most significant danger for them is contamination or 

getting dry or cold. On the other hand, was it the question if the ro-

botic system would be able to actually take care of the environment 

as envisioned. Furthermore, how to make sure all the parts of the 

robotic system would be able to function within this very humid 

environment. We had just one take on this. It would either work or 

fail.

	 The first week of the residency was building up this envi-

ronment and focussing entirely on the technology. We knew that 

when we closed the big cube, we would hardly be able to get in 

there again. After finalising the technical part, we had to build a 

tent around the big cube to ensure its environment was as clean as 

possible.
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Take off the little cubes’ covers and place them in the big one. Clos-

ing it, and then it was a matter of waiting. Would the reishi accept 

their environment? Hoping we had moved without harming them 

in their big cube. Hoping the technology holds up. Even though we 

had given IIWA a custom-made raincoat and taken the necessary 

precautions with the other parts to make them resilient to the con-

ditions, it was still unnerving in this humid environment.

	

Fig. 137 Building ZOE
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Fig. 138 Testing robotic system ZOE  
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Fig. 139 Testing IIWA in ZOE



195

Fig. 140 Improvised cleanroom for removing the covers of the reishi 
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Fig. 141 Programming ZOE
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Fig. 142 Monitoring reishi growth ZOE 
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Luckily, it worked out. The reishi started growing without any 

mould. The robotic system kept working, and the data started 

coming in. It was the first time that we saw all the data coming 

in. Besides some tweaking on the minimals and maximals of the 

environmental situation, the big question was how to explore this 

possibility of internal communication between the reishi and the 

robotic system.

	
Fig. 143 Sprouting reishi
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Fig. 144 

Observing reishi 

growth 
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We had some ideas on what would make sense to bring them 	

together. However, seeing the actual situation made us wonder 

if it makes sense to connect this data of reishi signals to specif-

ic actions. Our initial idea was to connect the reishi’s signals to 

the robotic arm’s movement. This idea made sense when we still 

thought that the big cube would consist of one big field of myce-

lium. Due to practicalities and concerns from MrcA about how to 

grow mycelium in such a large environment, we decided on the 

little cubes. When we saw all these signals coming in, we faced the 

reality of having no clue what would happen based on these signals 

from these two cubes. Therefore it made no sense anymore to con-

nect the data of two separated mycelium fields as the input for the 

whole environment.

	 The goal was still to make the activity of the reishi the in-

put of the system. We had to find another input from the mush-

rooms. Therefore we made IIWA take pictures every half hour from 

each cube with reishi. In the period that followed, we compared 

the images to see if there was any way we could measure from the 

pictures how the mushrooms were doing. We found a way to com-

pare them over time to see the difference in the amount and size 

of the reishis. We told the system that if this difference is signifi-

cant, there has been a lot of growing activity. Assuming that if they 

thrive, they grow. Based on this information, the robotic system 

would decide which cube had the least activity and focus its atten-

tion on it by giving it the most optimal amount of light. Also, this 

cube is the first to receive extra humidity when the humidity is low.
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Fig. 145 Reishi with sensor 
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Fig. 146 Creating pointcloud of the reishi in order to try to 

measure their growth
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Fig. 147 Research into comparison between all 

the reishi cubes up 26-10-2022 down 27-10-2022
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Fig. 148 The blue is the difference of growth between two days
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Fig. 149 VVVV gamma patch ZOE incoming sensor data and output to the robotic 

system 
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Fig. 150 Dataflow ZOE
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As IIWA puts its light source above the reishi, which is seen as the 

one that needs extra care, it also triggers the other reishi in their 

behaviour. Reishi is light-sensitive, and they are growing towards 

the light. This means that the reishi grows towards the other reishi 

that needs extra care. Over time this created a reflection in the 

shape of the fruiting bodies of the reishi of how the other reishi 

were doing in relation to this reishi.

	 Besides that, we noticed that for all the reishi, it is essen-

tial that the humidity is spread well over all the cubes. Therefore 

we linked the action of adding humidity to ‘ZOE’ to a hovering state 

of the robotic arm above all the reishi. Humidity spreads this way 

throughout the whole space when the humidifier is turned on.

	 Since we could observe the data coming out of the reishi’s 

environment and access the signals exchanged within their my-

celium, I wanted to know if there would be any visible relation. I 

did not just want to visualise it and then look at and compare it to 

come to a conclusion. I tried to relate to it. I wanted to put effort 

and time into experiencing what would come from this. I needed it 

to grow and to slow me down. So I decided to make carpets out of 

it. Tufting carpets felt to me like a growing force which resembles 

that of fungi. Doing this asked me to be present in the ‘ZOE’ space 

and participate in the system. It felt repetitive, and I had to be pre-

cise, like the robot’s work. It made me physically and mentally en-

tirely focus on this data. This data is full of unknowns. I had no idea 

what would come out. Maybe every day was the same, maybe not.
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Fig. 151 Data screen
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In the space around the big cube was on every corner a tufting 

frame. On these frames, I wanted to work on the carpets. Knowing 

they also needed time to dry, I had multiple frames to keep the pro-

cess of making carpets going. I noticed that I needed two frames a 

day—one for making a carpet and one for the carpet that is drying. 

On the other two, I wanted to make the invisible parts of ‘ZOE’ vis-

ible. One screen became the live view of the camera inside ‘ZOE’. 

The other screen became our data screen. (Fig. 151)

The data screen showed the following visualisations:

	 In the left corner is a QR code. This leads to the live stream 

on youtube, where people could watch 24/7 inside ‘ZOE’ and see 

the same data visualisations as on this screen.

	 On the left, under the QR, is the visualisation of IIWA and 

tiles representing the smaller cubes with reishi. The visualisation 

of IIWA is in real-time and shows its position. The tiles visualise 

the data from the comparison of the pictures that are taken every 

half hour. If a cube has a high growth rate, it turns green and floats 

higher. If there is a low amount of growth, it turns red and stays 

lower. This visualisation represents the decision-making to which 

cube IIWA gives extra attention.

	 Next to this visualisation is the data we are getting from 

the reishi in relation to their environment. Each ring is connected 

to one part of the data: Reishi activity a and b, humidity, tempera-

ture and CO₂. The rings get distorted in ratio to the activity of the 

data, how often this date comes in and how much it differs from 

the minimum and maximum calculated daily.
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Fig. 152 Screenshot livestream on youtube 
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Each data coming in is also visualised at the bottom of the screen. 

These read tiles are the data converted to pixels. Each tile is a sin-

gle channel texture with ten by ten pixels that change their posi-

tion and colour depending on the incoming amount of data. Each 

pixel relates to the amount it is changed. For example, the lower 

the temperature, the darker the pixel gets. The higher the tem-

perature, the brighter red it becomes. Each tile represents in re-

al-time the data coming out of ‘ZOE’.

	 Since I also wanted to create a more tactical outcome of 

the data we were getting from ‘ZOE’ in the form of data carpets. We 

collected all the data on a daily base as input for these data-carpet 

visualisations. These data-carpet visualisations work the same as 

the real-time visualisation of the reishi activity in relation to their 

environment. I projected these on the tufting frames and tufted 

carpets from them. The colours of fungi and moulds inspire the 

colours of the carpets.

	 In the last period of the residency, we started making these 

data carpets. Which also were placed on the floor for visitors to ex-

perience as tactile data visualisation. Since there was the sound of 

the carpets’ tufting, I also wanted the sound of the rest of ‘ZOE’ in 

the space. Hearing the data could help to make an intangible rela-

tion in the space between the four screens and the big cube in the 

middle.
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Fig. 153 Amir tufting
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Fig. 154 Tufting fabric and tufting gun 
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Fig. 155 Front tufting data carpet in process 
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Fig. 156 Datacarpet in process
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Fig. 157 Projection datacarpet 
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Fig. 158 Datacarpet 26-10 in process 
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There were many ways to tune in on the different actors of the lit-

tle ecosystem we were building. I noted that people who came into 

‘ZOE’ slowed down when they knew what it was. On the other hand, 

people who visited for the first time had a certain amount of rest-

lessness. As one of the visitors said, “Even though this is not about 

me, I feel it matters that I am here. I want to contribute something 

as I feel so many things are going on.”

	 A certain amount of not knowing what to do is acceptable. 

A visitor needs time to relate to the work and accept that, in this 

case, they are just here to experience it, and you do not have to 

contribute in an active form. It is about your attention to the other. 

They are getting to know something or someone else who is very 

different from you—but being able to do this as a human requires 

feeling a certain amount of safety and understanding where you 

are.

	 Since people are so different from each other, they also 

need different ways to find a point of entry into an artwork. It is 

common for an artwork to have a description close by where the 

visitor can read about the work. As I noted with FadingColours, 

when a piece has complexity in how it works and what it is based 

on, people tend to lose their attention very fast when it is written.

We decided to keep our desk in the space of ‘ZOE’ as we (Amir and 

Noor) are also part of this system. It was clear to me that we were 

the last thing someone should be able to tune into in this space. 

Therefore, we made a recording where we explained ‘ZOE’. It cre-

ated the last needed entry point into this work. I noted during the 

time ‘ZOE’ was exhibited that it worked for many people to choose 

in which order they wanted which information and even if they 

wanted the information.
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Fig. 159 Recoding voice-over ZOE
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For those who came in with a need to cling to something, it helped 

the headphones guide them through the work. What I liked about 

this is that you do not have to separate yourself into first getting 

the information and then watching the work. Combining it and tak-

ing the time for the recording helped people to overcome this rest-

lessness of the urge to receive fast information. It also helped that 

this installation was in a theatre context, which prepared people to 

take their time to receive the whole story.

	 ‘ZOE’ was exhibited from 2 to 5 November 2022 in Theatre 

Rotterdam as part of Welcome to Our Guesthouse. During the res-

idency period and the festival, we created seven data carpets. I am 

still working on the data carpets from the remaining days of ‘ZOE’.
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Fig. 160 Close-up ZOE 
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Fig. 161 Visitor with ZOE day 1
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Fig. 162 Visitors with ZOE day 5
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Fig. 163 ZOE humidifying
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Fig. 164 Reishi in ZOE
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Fig. 165 Datacarpets 
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Fig. 166 Data carpet in process during ZOE
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Fig. 167 ZOE small cubes in the big cube
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Fig. 168 Reishi 
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Fig. 169 Audience in ZOE
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Fig. 170 Audience in ZOE with data screen
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Fig. 173 Overview space ZOE
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Fig. 174 Datacarpet 24-10-2022 
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Fig. 175  Datacarpet 23-10-2022
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Fig. 176  Datacarpet 22-10-2022
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Fig. 177 Datacarpet 26-10-2022
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Fig. 178 Datacarpet 29-10-2022 
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Fig. 178 Datacarpet 02-11-2022 



241

Fig. 179 Datacarpet 03-11-2022 
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INSTALLATION

‘ZOE’ exist out of one big cube in the centre of the space of 

150x150x320cm. This cube is the living environment for the reishi 

mushroom and the custom-made robotic system. This environ-

ment has a temperature of 24-28 °C, humidity above 85%, and the 

CO₂ has to be higher than 8500 ppm.

	 The reishi mushroom is in 16 separate glass cubes of 

30x30x35cm. ‘ZOE’ collects data through sensors in the envi-

ronment and the mycelium of the reishi. ‘ZOE’ also collects data 

through observation with a camera. ‘ZOE’ uses this data to create 

an internal communication between the reishi and the robotic sys-

tem. The data are also used in the space to sensory experience the 

activity in ‘ZOE’.

	 At a distance of 5 meters from each corner is a tufting 

frame. These frames are used as projection screens for the data 

visualisations, live stream from the camera on IIWA, and to tuft the 

carpets. While ‘ZOE’ is exhibited, data carpets are made from the 

data coming from ‘ZOE’. Therefore the space around ‘ZOE’ is con-

stantly changing, and carpets will be added to the environment.

Dimensions

Space
Total cube 150x150x320cm
20x glass cubes 30x30x35cm
20 liters reishi mycelium
4x tufting frames 150x150x200cm
144m2 Light grey carpet on the floor 
4 beamers



243
12 theater led lights + light table
Soundsystem

Robotic system
1x IIWA (robotic arm KUKA)
1x A custom-made software which connects and controls 
the hardware
2x fans
1x humidifier
1x waterproof dive light
2x ceramic infrared heat lamp
1x SENSIRION SEK-SCD41-Sensor 
2x Bio sensors fungi signals
1x Kinect
1x logi webcam full HD
2x HEPA filters

Data carpets (amount depending on time span ZOE)
Tufting fabric
Wool
Tufting gun
Latex
Carpet trimmer
Tufting tools 

Reishi safety 
1x air purifier with HEPA filter
1L Bacillol AF
Disposable latex gloves
Paper towels
Plastic cover foil 20m2
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Fig. 180 Measurements ZOE
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Fig. 181 Topview ZOE
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CARE

One of ‘ZOE’s’ core principles is that of care. The work revolves 

around the care of the robotic system for the needs of the reishi in-

dicated by the reishi. This also gives the robotic system a purpose. 

Without any input, it is nothing more than just hardware.

	 Based on the experience of ‘RHIZA’ and ‘ZIEN’, I worked 

in ‘ZOE’ directly from the mindset of what is needed for IIWA as 

well as the reishi. For the reishi, the focus is on the environmental 

hygiene, and for IIWA on environmental safety, which involves the 

safety of both IIWA and the reishi, the team and the visitors in re-

lation to IIWA.

	 Because of this, the greatest emphasis in the preparation 

work was on ensuring both. The process was a continuous balanc-

ing between what was possible for the technology that was part of 

the robotic system and the possibilities that the reishi could live 

with. Because this system would come together for the first time in 

the installation, it was essential that we immediately had the cor-

rect setup and safety agreements in place. For example, hanging 

IIWA in the cube and ensuring it would not be damaged because of 

the humidity.

	 Due to the fact that IIWA needed, in our case, supervision, 

the presence of myself and amir was an immediate requirement, 

which was conceptually consistent for us. We did not want to pre-

tend that this system had no human influence. We have a responsi-

bility - and we are part of it, although it is not about us.
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The reishi also have many requirements. First, the conditions had 

to be right regarding temperature, light, CO₂ and humidity. Initial-

ly, the idea was to adjust the temperature in the whole room to the 

reishi. Soon we concluded that this is not a space where humans 

like to be. It is too warm. Nor is it particularly climate-friendly to 

heat a theatre studio to 25 °C for a month. The safest choice was 

an enclosed space to bring together all the different needs. It also 

provides the most satisfactory environment for both.

	 The process of growing mycelium is a precarious one. This 

made it impossible to fill the entire cube with mycelium at once. 

Hence, we chose to grow them in individual glass cubes. This al-

lowed us to give them time to grow a bit and thus gain more resis-

tance before they had to go through the move to the large cube. An 

added benefit was that by keeping them fragmented that we had 

the ability to replace them if they had contamination or did not 

grow. ‘ZOE’, therefore, had four backup cubes. The sixteen healthi-

est ones went in initially. We did not need to use the four backups.

	 I also wanted to take care of the space around ‘ZOE’ for the 

human visiting. ‘ZOE’ had to be a soft space. I wanted it to be safe 

enough to be with what we did not know, where you can experi-

ence what is happening in this temporary ecosystem in different 

ways—feeling the different rhythms of all the things taking part. 

Therefore I changed the theatre floor to a light grey carpet, the 

same colour as the big cube in the centre. I asked people to take off 

their shoes when they entered the space—hoping to give them this 

assurance of being comfortable and safe.

	 As in ‘FadingColours’ and ‘RHIZA’, the reishi survives 

longer than the duration of the installation. Like the pink oyster 

mushrooms, I let the reishi complete their life cycle. Where oyster 

mushrooms are edible, this is not directly applicable to reishi.
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This can be done but is complex and requires the necessary know-

how because it is only used in pulverised form as tea or medicine. 

Together with the data carpets, the reishi that has grown form a 

tangible legacy of ‘ZOE’. They can also be exhibited individually 

from ‘ZOE’ when the space does not allow ‘ZOE’ to take place again. 

In this way, they are not being wasted, and the concept of ‘ZOE’ can 

be told and experienced in a smaller form.
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Fig. 182 ZOE’s reishi
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   CONCLUSION

This thesis is not to establish a practical how or why. It is, for me, 

a story about how things come together. I am finding my way 

through these philosophies and methodologies with my practice. 

Curious whether they naturally appeared in the process and if it is 

possible to track them down. 

	 The four works I am looking back on all use sensing tech-

nologies that produce data. This biodata can be the data about the 

human they are capturing, the fungi it is measuring, or the corals it 

observes. I try to bridge the abstraction of the data into the experi-

ence of the story they can tell. I think using these data gives me the 

possibility of having a better insight into “the entanglement of the 

apparatuses of production” (Barad, 2007, p. 30).

	 A process of emergent data collection emerges through 

my lived experiences of collecting and trying out these sensors and 

technologies. It provides progressive insights into the data collect-

ed and how it can be interpreted and used as material for my work. 

This can be seen as a diffractive approach to engaging with data. 

It focuses on engaging and attending to differences instead of ex-

pecting data to reflect reality in a straightforward, representational 

way (Rowley, 2007).

	 I experience in my process that engaging with the differ-

ent factors I am working with, namely the organism, technologies 

and humans, these processes are slow, and all of them have dif-

ferent rhythms. The data gathered as material to bridge between 

humans and non-humans is a process I can not predefine. It asks 

me to protect my process to not slip into efficiency. 
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The final artwork and the process are equally important. 

I need time to explore the different possibilities with these technol-

ogies and data. I need to hold space for the messiness and contra-

dictions that emerge from my practice in order to see the options 

for multiple interpretations and translations into experiences. 

	 As noted, unlike the many design examples using this 

methodology, my work does not result in a product or service. Nev-

ertheless, looking at my work through the lens of agential realism, 

this methodology can be applied in my practice as it is in design 

research. In all my works, one can find agential cuts and moments 

of diffraction. For example, “RHIZA’s” haptic experience of mush-

rooms is in co-creation by phenomena of intra-acting bio-sensors, 

skin, electrical signals, digital signals, software, power delivery to 

the bass shakers, the growth of the mushrooms over time, and ex-

perience of this work. Every moment of haptic translation between 

skin and fungi occurs through an agential cut. 

	 The bio-sensors are the measurement apparatus of ‘RHI-

ZA’. They draw an agential cut between the mycelium’s substrate 

and the electrical fluctuations generated in their network. Anoth-

er agential cut is between the analogue signal of these electrical 

signals and the translation into the frequency of the vibrations in 

the bass shakers made by the amplifier. The parts are individual-

ly separable through agential cuts but are inseparably intercon-

nected as phenomena. ‘RHIZA’ calls for careful attention to the in-

tra-actions between what is measured in the tower and how that 

is transformed into the vibrations. Exploration of these signals is 

perceived as a lived experience, not a display of these signals.

	 Another example is ‘ZOE’, the way the work engages with 

sensing technology diffractively by attending to the differences be-

tween reishi and the different ways of defining what reishi activity
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is and consequently designing a custom-made robotic system with 

and for the reishi mushrooms. Engaging with data diffractively 

throughout the process led to recognising the different agential 

cuts created between the ongoing phenomenon of reishi activity 

and the data collected by the sensing technologies. This helped in 

moving away from simply representing reishi activity. Instead, it 

engages the phenomena of reishi activity in the mycelium, their 

growth and environmental conditions while staying with the dif-

ferences of the reishi.

	 Using sensing technologies and data as material to create 

encounters between humans and non-humans requires a respon-

sible and careful process regarding the non-humans creating, pro-

viding and representing this data. It constantly asks to be aware 

of the other, human and non-human. As mentioned, Braidotti de-

scribes the transformation to the posthuman as “neither linear nor 

one-directional but is rather a multi-faceted experimentation with 

what ‘we’ are capable of becoming” (Braidotti, 2019, p.44). 

	 Becoming is taking place in the practice of care and re-

sponsibility. It matters to care for yourself and the other to be to-

gether. It matters how one takes responsibility for the process, the 

species one is working with, the technology, the space, the time, 

the material and immaterial, and the humans one works with and 

are visiting the work. It all requires respectful care and attention to 

their capabilities and needs. It is through them and their intra-ac-

tions that these works can exist. In that sense brings critical post-

humanism, new materialism and the methodology of diffraction to 

an awareness of the process of media works involving human and 

non-human encounters. The requirements that are needed to take 

a responsible position and caring position where one is not just 

using the other but collaborating with respect to the differences. 
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In ‘ZOE’, I create an interactive work between two non-humans 

while also creating a space for humans to experience sensoriality 

and diffraction. This work explores the possibilities of creating a 

new ‘we’, as Braidotti calls it. I believe we have to reposition our-

selves in relation to the other entities around us. We have to start 

asking ourselves what it means to take responsibility. Can humans 

give space to non-human entities to claim a part of the new ‘we’? 

What does it mean to care for the other? How can we be different 

and one at the same time? So many questions need the space to be 

experimented on, experienced with and elaborated on. 

	 In line with this thesis and these works, I plan to keep 

working with biological and technological non-humans. I will keep 

bringing them together in interactive artworks through sensing 

technologies. The data coming out of this allows me to create en-

counters between humans and non-humans which can be experi-

enced as embodied immersions into the zone of the other to ex-

plore these questions of creating a new ‘we’.
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   APPENDIX

Transcript voice over on headphones in ZOE

Noor: [00:00:00.24] I don’t know how much you already know 

about mushrooms. But for now, let’s start at the beginning. If I say 

mycelium, do you know what I mean? Okay. Come with me. We go 

to the Reishi, stand up and walk to the big cube in the middle. The 

reishi are the mushrooms that are growing in Zoe. If you’re close to 

them, you see, they grow from a white substance. This is mycelium. 

Sometimes you also see it on the glass. It looks like little threats. 

Do you also see the reishi? They are now brown, yellow and white. 

The white part is still growing, and the brown-yellow is their skin. 

When they grow on the glass, they don’t make a skin. So you can 

see if you look very closely how they grow slowly over time. If you 

find one and you maybe see that they make little lines, I think they 

make these lines every day that they grow just like trees. But that is 

my observation. It’s nothing scientific.

	 Maybe you have heard about the Wood Wide Web or that 

trees can talk with each other. Well, it’s actually the mycelium that 

they are connected to that can transmit these signals. And mush-

rooms are the fruiting bodies. Or see it as flowers of the mycelium. 

Mycelium and their mushrooms constantly exchange little electri-

cal signals. It is quite recent that we found out that they communi-

cate. And until today, we have no idea what this communication ex-

actly is. We only know that they do and that they transfer nutrients 

and information to the network and that other plants and trees can 

connect to it. If you look at the door where you came in. And you 

stand with your back to it on the left side and the back
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side of the big cube, you see cables, blue, orange and purple cables 

go to that corner. Do you see that these cables go inside the reishi? 

These are the sensors that are picking up this communication. It is 

the same kind of sensor that we use to pick up our brain signals. 

We only know that these signals are here, but we don’t know what 

they mean.

	 Amir: [00:02:55.88] Now if you’re somewhere close to the 

big cube. I want you to look at the door where you come in. There’s 

a screen next to that. That is our data screen. Walk towards it and 

stand in front of it. So you see a text, a QR code. And some visual-

isations. Let’s talk about the one in the middle - right. You might 

see a few circles that sometimes they are jittery and distorted and 

sometimes they are more calm. They are the visualisation or the 

production of the data we are getting from the mushrooms. If you 

look below the screen, you see a few tiles. Each of them has its own 

tag. So how it works. We are collecting a lot of data from the big 

cube, two of which coming directly from the mushrooms. The rest 

are the temperature, humidity and the CO₂ amount. If you want 

to be notified or if you want to convert this data to something hu-

man-readable or human noticeable, what we need to do is either 

visualise them or sonify them. The way that it works is we con-

vert this data, this signal, to textures, to pixels. Each tile. Has a few 

pixels that they change their position an their color according to 

the coming amount of data. For example, let’s talk about the tem-

perature. In a given time. Each pixel is looking for the amount of 

temperature that is being changed. The colder. It gets black.  The 

warmer, It gets brighter and the same applies for the other tiles. So 

what do we do with those? Then we convert each of them to a few 

rings. And each ring. It’s getting distorted. In ratio of the activity or 

how often this data coming in and how much they are different 
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from the minimum and maximum that they are calculated every 

day.

	 Amir: [00:05:42.89] If this threshold is high, you will see 

that this circles are getting distorted. If this threshold is low, you 

see them more calm and steady. And this is just for us to be able to 

somehow visualise these activities that they are happening inside 

the big cube. Okay,what is the one on the left? You see the visual-

ization of a robot and a few tiles that are floating in the air. Each 

float is basically representing the smaller cubes where the mush-

rooms are there. Those are there to represent the growing amount 

of each cube. So if you notice on the robot, which is inside the 

cube, there is a camera there. So what we do is every half an hour 

the robot goes over every single cube and takes a picture. Then we 

compared those pictures to the one from yesterday and the day 

before and the day before and the day before. And then we discov-

er or we can analyse the different amount or different size of each 

mushroom. If this amount is high, it means mushrooms are grow-

ing. If this amount is low, it means that the mushrooms are growing 

less than the others. Those that are growing more. That represen-

tative tile becomes more towards green and it stands higher. And 

those that they are growing less. Their representative tile gets red 

and stays below. And now this is the decision of the system to hover 

the robot. Over the one that it was growing less to give them more 

light as it needs.

	 Noor: [00:07:35.02] And the interesting thing is that re-

ishi are light sensitive. So that means that reishi grows towards 

the light. And by creating a system where we decided, okay, you 

observe and you go to the reishi that needs more attention, makes 

that all the other reishi grow also towards the box with the reishi 

that needs more attention because they grow to the light that is
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above this box. So if you look closely, you see that they sometimes 

go more left, right, more up, and that is really depending on where 

the light has been in the time they were growing. And did you know 

that mushrooms are closer to us and animals than to plants be-

cause they breath? So that is also when we try to make this tem-

porary coexistence in Zoe that we have to measure the CO₂ ,tem-

perature and humidity with sensors to give this information back 

to the to their ecosystem. So the robotic system knows what to do, 

what they need.

 	 Amir: [00:08:39.39] So what do we mean when we talk 

about the robotic system? So you already noticed that there is a ro-

botic arm hanging from the ceiling of the big pixel or the big cube. 

Well, that part itself is just one part of a robotic system. The robotic 

system here really is everything that let us observe and monitor 

the activities that is happening inside this cube and everything that 

decides and calculates this information and creates behavior for all 

the other parts of this big cube. For example, when we collect the 

humidity data, there is a humidifier that it knows when it should 

start working. So there is a condition. If the humidity is low, the 

robot moves around and the humidifier starts putting steam inside 

the big cube. Also, when the CO₂ two is going.. going up and down, 

we know how to regulate that with turning on and off the fans that 

they are mounted on the ceiling. You see two filters on each cor-

ner. Also on the ceiling, there are two mosaic lamps that they are 

providing heating, providing temperature control for these big pix-

els for this cube. And of course, you have noticed already the light 

mounted on the robot. So we know that mushrooms need light, 

right? So I already said that we see and observe which pixel needs 

more light to grow better. Then the robot moves to the position of 

that pixel and hovers.
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Amir: [00:10:17.95] And what we call a cruise mode. Cruise mode 

that the robot is slowly moves around and make sure that every 

single mushroom in this mycelium box gets enough light. And also 

there’s a camera mounted on the robot. This is the one that collects 

these pictures. So all together, they are connected to a laptop that 

is up there. And this laptop basically has a program. We wrote this 

program together that it collects all this data. It analyses this data 

and it makes a decision. Um. What should happen in this pixel? 

Do we need more temperature? Do we need, um, more humidity 

or less humidity? Do we need to regulate the CO₂? CO₂? Where 

should the light be? And we are the one who wrote and created this 

robotic system. There are certain rules that we put there, and this 

robotic system follows these rules and does the rest of the things 

by itself. But of course, we are learning from this process. We are 

observing that how these rules and how this process is good or 

beneficial or not beneficial for the whole ecosystem. And of course, 

we can influence that by changing some values, by tweaking some 

parts of these rules. This is also our part that we are learning from 

creating this robotic system for this ecosystem.

	 Noor: [00:11:48.52] I think the interesting thing for us is 

also to play with it, like, what do we decide and when do we let 

the system decide? Or the system is then like Zoe and the robotic 

together so their network. So if these reishi are not growing so 

fast and we say, okay, you go where the reishi are not growing so 

fast, that means that the whole shape they’re growing in is basically 

decided by them or by us or by both of us. I think what is so fasci-

nating is that this whole other society of mushrooms and mycelium 

is so different than us and so much longer here on earth. And I 

think we could learn a lot from them in their different way of being 

together. And if you work with these things like mushrooms,
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technology, data, or us as humans as well, we all have a different 

speed, a different rhythm in time. And when I started working with 

these non-humans, I realized that I had to learn to adjust my speed 

to be able to see if you’re still standing. Maybe find a data carpet 

and lay down for a bit.........Did you already find one? If there are 

other people also laying there.

 	 Noor: [00:13:09.76] Just. Just go with it. You can be togeth-

er here. It’s not. It’s not a problem. Just lay down. Relax. If you don’t 

want to be on the carpet, lay somewhere else. These data carpets 

are made every day from the data that we collect from the reishi 

signals and their environmental data. And we’re just told you about 

we collect it over the whole day and we visualize at the end of the 

day, a final visualization of how the signals and the environment re-

lated to each other that day. And I make carpets out of them to find 

a way of understanding them, because as long as we do not know 

what they say, I try to find another way to experience what their 

relation could be between their communication and their environ-

ment. And did you also hear the sound in space? I already said it. 

We also sonify it. We don’t know so far if mushrooms make sounds, 

but we gave them some sound. It is their signals in this moment 

that you can hear. So. When you’re ready, take your time to see 

them, hear them, and feel them through the carpets.
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