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UNTIMELY EULOGY MARIA REBECCA BALLESTRA

Maria Rebecca Ballestra will forever remain the epitome of climate change
awareness. She wholeheartedly embraced and was constantly renewing
Datami’s legacy. Through her creativity and indefatigable energy, she promot-
ed positive transformation in science, humanities, economy, ecology and art.
Her long-term project Echoes of the Void, investigating the geological, cultural,
spiritual and environmental meaning of the world’s wastelands was awarded the
CMCC Climate Change Communication Award in 2021. The award was renamed
CLIMATE CHANGE COMMUNICATION AWARD Rebecca Ballestra in her honor in
2022 guaranteeing that her spirit will forever animate our environmental work.

Freddy Paul Grunert









DATAMI: a data tatami that restores our capacity to freely develop our expanding iden-
tities, but also a shelter and a refuge against the data deluge and digital transformation:
ataraxia in a digital whirlwind, harbinger of a digital declaration of independence, con-
stituent of the Magna Carta of the Web.

RESONANCES llI: the flagship programme of the JRC SciArt project. Driven by a DIY
philosophy, it brings fogether scientists, artfists and policymakers in a ftwo-year cycle on
a theme central to the work of the JRC and the European Commission. In the first year,
participants establish dialogues and look for commonalities of infentin a summer school,
geared towards the co-creation of novel works of art nurtured by science invigorated by
art and society. In the second year, the works are realised in a close dialogue between
artists, scientists and policymakers, unveiled in a festival on the JRC Ispra site at the Lago
Maggiore, Italy, then presented to the European public in major venue. Bridge, island of
negentropy, the Resonances Festival and Exhibifion is an experiment in dialogue, public
discussion, rapprochement of knowledge and society, an active sign of union in a union
of equals, an exercise in and invitation to a true democracy of disciplines. As any good
experiment, it has no fear to fail.

Big Data

Computing (also with capital initials] data of a very large size, typically to the extent that
its manipulation and management present significant logistical challenges; [also] the branch
of computing involving such data.

Artificial Intelligence

The capacity of computers or other machines to exhibit or simulate intelligent behaviour; the
field of study concerned with this. Abbreviated AI.

Digital Transformation

Digital transformation is the profound transformation of business and organizational activi-
ties, processes, competencies and models to fully leverage the changes and opportunities of
a mix of digital technologies and their accelerating impact across society in a strategic and
prioritized way, with present and future shifts in mind. Digital transformation is not just
about disruption or technology. While digital transformation is predominantly used in a busi-
ness context, it also impacts other organizations such as governments, public sector agencies
and organizations which are involved in tackling societal challenges such as pollution and
aging populations by leveraging one or more of these existing and emerging technologies. In
some countries, such as Japan, digital transformation even aims to impact all aspects of life
with the country’'s Society 5.8 initiative, which goes far beyond the limited Industry 4.0
vision in other countries.

From: https://www.i-scoop.eu/digital-transformation/
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DATAMI: a manifesto

Big Data have erupted in our daily lives. What are these big data, this artificial
intelligence - with their promise of digital transformation - that we choose to fear
and exalt in equal measure? In order to address these issues, we have translated
them into a new concept, that of Datami: it helps us to think about them in all free-
dom, as a way of bringing these exalted subjects into our own more common life,
closer to what we really want. We see the Datami as a virtual tatami, made of the
data that we cherish, our data and those of our families and friends, our discover-
ies and curiosities, our roaming and conversations, all of these making up our new
identities. In real life, our Datamis are being created with each new conversation,
each interaction and each payment, our digital trail acquiring substance in the
databases of all companies, big and small, digital or not. But these are our data
that reflect our personal lives and we need them to practice our freedoms. That is
why we conceive the Datami as a data tatami, a place of rest and repose against
the digital onslaught, a maker-space of embodiment.

It must help us restore our capacity to freely develop our expanding identities
and claim our own digital trails. To investigate the emerging realities around us with
all the powerful means of modern media - truly a paradise of information! There,
discipline blends with intuition, science with art, imagination with rigour and image
with meaning, all bundled into a new language of collaboration. Someone has in-
voked the term artonaut (Freddy Paul Grunert, 2018) to describe these new figures
capable of straddling different disciplines and addressing our wicked problems,
talking at once to scientific labs, industrial workshops and artistic imaginations.

But we know this paradise is also flawed, a constrained surface, so our Datami
must also become a shelter and a refuge against the data deluge, against fake
news and the mounting fears for the digital transformation: eye of the storm, ata-
raxia in a digital whirlwind, harbinger of our digital declaration of independence,
constituent of the Magna Carta of the Web that we all feel coming, as the winds of
change also ruffle our digital lives.

The challenge of the Resonances Ill on Big Data is to elaborate this personal
Datami in a common endeavour with individual results, including the inevitable
glitches of the digital, so that each of us can reap its benefits. This work must be
able to conflate all disciplines and insights in a collective effort with a myriad of
individual threads. It is not limited to art, or to science, or to policy, to culture or to
society, but capable of englobing and connecting them all, dense in identity as any
person walking in the street. It reaches out to the future from a new and enriched



on-life. Not on- and offline, but permanently entering into a digital sphere, a new
on:life. Penetrating this sphere is a common endeavour resulting in a new kind of
work, which cherishes the hybrids, cross-overs and collaboration of the digital as a
collective opera, a new form of work with new room to explore and bring to fruition
the spaces opened up by the internet and open source. We propose to call this
extended concept of work opera, from the Latin opus, a singular plural, liberated
from formality and prejudice and capable of tapping into new forms of creativity,
a crea-connectivity, in a free democracy of disciplines.

This too is Datami: coming together as citizens to probe deeper into this hyped
and uncertain future, declining our new identities. Opening and closing the digital
walls of our Datami as we choose or as need dictates, in a continuous dialogue with
our surroundings. Whatever these may be, looking for opportunities to discover new
facets of our beings. Our data are ours.

It is an effort. It is collective. It is open and uncertain. It can never be defined
in isolation.

In short, it is democracy.

Let's do it together.
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Introduction
Adriaan Eeckels, SciArt Project Leader

who cares if some oneeyed son of a bitch
invents an insfrument fo measure Spring with?

e e cummings

On Big Data, AI and JRC

Big Data is ubiquitous and elusive. They have grown explosively in the last ten to
twelve years'. The amount of stored data grew to more than 4000 times its size
between 2006 and 2018, and is now expected to double by 20202. Attention to
the phenomenon has grown too, with numerous arficles and books denouncing
dangers, risks, and opportunities. Nick Bostrom warned against the creation of
any superintelligence in 20143 Cathy O'Neil denounced the evident biases in
many Al systems used to grant loans or calculate recidivism of prisoners*in 2016,
and in May 2017, The Economist declared that data was the new oil, “... A new
commodity [that] spawns a lucrative, fast-growing industry”. Then came the
realisation that Big Data allows for fake news to target and manipulate individu-
als, as during the Brexit and US campaigns of 2016, followed by the Cambridge
Analytica scandal. The latter broke out in March 2018; and only two months
later the company closed operations. Since then, attention to Big Data and
their misuse has peaked. A growing chorus of former employees of the big five
Infernet companies, NGOs, journalists and academics denounce the disrespect
for privacy and call for a better control of the commercial use of personal data.
A direct indication of the changed attitudes to Big Data is the consideration for
the new privacy regulation of the European Commission, the so-called General
Data Protection Regulation or GDPRé. Before the Cambridge Analytica scandal,
in the autumn of 2017, the GDPR was disapprovingly discussed by many American
pundits, companies and politicians. However, when it entered into force in May
2018, after the scandal, opinions had shifted and it drew admiration and recog-
nition from the same commentators’. This also became clear from the testimony
of Facebook CEO, Mark Zuckerberg, to the American Congress, followed with
big clamour by the press. The resulting hearing was deemed unsatisfactory, as Mr
Zuckerberg’s answers were considered evasive and elusive, failing to address, not
answering to the realissues, such as theft of personal data and the way data are
used for targeted advertisements, either with the Members of the US Congress®
or those of the European Parliament?.

Today, the rich and famous too talk about Big Data, Al and the singularity,
from the late Stephen Hawking and Elon Musk to George Clooney and Madon-



na. The rapper will.i.am coined the term ‘idatity’ as a contraction of identity and
data, declaring that personal data should be regarded as a human right, in the
same way as access to water'®, Tim Berners-Lee, co-inventor of the Internet, has
developed a new protocol called Solid (for Social Linked Data), a “technically
potent open-source platform built fo decentralize the web”. It is based on the
principle that “users should have the freedom to choose where their data resides
and who is allowed to access it.”" Berners-Lee hopes to create a new, improved
internet with Solid, reinforcing the Magna Carfa of the Internef developed with
children in 2015'.

Big Data are now used everywhere, from computing to a host of scientific
disciplines like climate science, meteorology, physics, engineering, etc.; for the
prediction of the stock market to machine translation, for weather forecasts and
stock management, for the development of new proteins and new materials to
criminal justice and art. It is not an exaggeration fo say that everybody uses them
—not only computing, science or business, but also governments and, more and
more, designers and arfists.

With Big Data comes Arfificial Intelligence (Al) and the Digital Transforma-
fion. The recent success of Al depends on the availability of huge amounts of
data that can be crunched by dedicated software on powerful computers. The
concept of an artificial intelligence is nearly as old as the first computers, but
the idea that humans would create an intelligent creature, automaton or alive,
is as old as antique civilisations, as shown in a recent exhibition at the Barbican'.

The term Artificial Infelligence was coined in 1955 by one of the pioneers of
computerscience, John McCarthy, who defined it as “the science and engineering
that tries to make machines intelligent,” where “... The ultimate effort is to make
computer programs that can solve problems and achieve goals in the world as well
as humans. The Pioneers McCarthy worked with were convinced that machines
would be capable, within twenty years, of doing any work a man can do'®. This
tfurned out to be more complicated than expected, and the field entered what
Al researchers themselves call the “Al winters” of the 1970s and 1980s. This period
of slack ended when the step-based approach that had hitherto characterised
programming, moved towards arfificial neural networks. These functionin a mode
thatis somewhat akin fo biological networks. Special algorithms can update the
relative weights of results and thus refine them. This allows programmes fo learn
from the data and the outcome of previous calculations and improve without
having specifically been programmed. When this is applied on more than one
level, it becomes deep-learning. The great development of Al from 2005-2010 in
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refining and combining these methods provoked a massive commercial appli-
cation from various dedicated Al systems from the year 2010 onwards, starting
with Apple’s voice assistant Siriin 2011. Often, successful Als combine symbolic or
rule-based Als (like Deep Blue, who beat world champion Kasparov at chess in
1997) with data-driven Al, which use great quantities of data to learn (like Google's
AlphaGo machine that beat the world champion of Go in 2016).

By now itis clear that together, Big Data and Al are driving what many see as
the digital fransformation of our work, our societies and our lives. Many applica-
fions are already being tested orin use, from self-driving cars to decision-making
assistants for the medical world, from connected fridges to facial recognifion
used fo regulate access to buildings or for customs. Our houses, our cities, our
jobs, our mobility, our leisure, our energy, our systems of governance and even
our democracies are all expected to change fundamentally under the influence
of this global fransformation, deeply influenced by a rising climate emergency.
There are many opportunities to these changes, but also many unknowns. How
many jobs will be lost¢ How many created? What about our social protections?
Will our societies become fairer or note And what about our data?

Evenin the age of bewilderment'é, a casual observer might be bewildered
by the rapid rate of change and the challenges we are confronted with. We are
overwhelmed by information overload; yet we seem to know more about climate
change - still thought to play out its worst effects later in this century — than about
this digital fransformation, which might play out in the coming ten years with
equally profound consequences for our societies. While the so-called populists
claim an antiquated nationalism and a newly self-confident Alt-right falls back
on a fraditional past of doubtful contours, we seem particularly unprepared to
grasp the impact of this coming fransformation and to prepare a vision of how
to deal with it collectively. Yet like climate change, this transformation knows
no borders and the eventual disruptions will play out on a global level. In other
words, it reinforces the fundamental reasons for the European collaboration, at
amoment that the European project is still under fire from many different angles.

As a fransversal European Commission service, with the mission to provide
science and knowledge for sound and robust EU policies today as well as in
the near and distant future, it is the responsibility of the Joint Research Centre
(JRC) to think ahead and outside the box. With the rapid pace of change,
the information overload, the looming digital fransformation, the existence of
societal challenges such as climate change, migration, fake news, political
polarisation and growing culture wars now arriving in Europe too, the solution
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cannot be to carry on in the same way. The JRC builds on the understanding,
that in our shape-shifting world, it must make a special effort to stay with the
fimes and fulfil its mission.

The SciArt programme

The SciArt programme, established in 2016, is one of the new initiatives of
this new direction the JRC has taken. SciArt is science, art, and society: the
SciArt programme brings together artists with JRC scientists and EU policy-
makers, in a space of dialogue that can bring both research and art closer
to society. The assumption is that artists are the antennae of the race or the
canary in the coalmine’’: they can help JRC researchers to better understand
and respect the worries of the citizen. Within the framework of the project,
researchers, policymakers and artists meet, discuss, but most of all, they have
the possibility to start collaborating on artworks inspired by science thatin its
turn, isinvigorated by art. The first objective is to bring innovation to research,
in order to answer the question posed by Michael John Gorman “... whether
such art can alter the direction of scienftific research™®. Can it?2 How can it
bring about innovation? One of the starting points of the project is that the
rapprochement between art and science - that is visibly unfolding in the last
hundred to fifty years'” — is a lasting phenomenon of yet unknown portent.
We have not quite yet grasped the full tectonic force of this movement, but
we can map its progress from artf to science — which is generally known — but
also from science to art — which is rather mistrusted by scientists who are ed-
ucated to the rift dividing the two disciplines. This is not the place to look into
the reasons for said rift or to discuss CP Snow’s The Two Cultures?, but the rift
isreal, evenif only as a cultural construct. It has personal consequences with
a direct influence on research, whether artistic or scientific, as Michel Serres
elegantly diagnosed in his Passage du nord-ouest?’. Hyper-specialism for the
one, a search for new tools and content for the other — the rift has equally
an effect on the individual capacity of invention of scientists as well as of
artists. The collaboration-confrontation with a different mind-set creates a
new space of discovery, where these lacks and differences can be bridged,
with — at least temporarily — a rift closing, a new space of discovery unfold-
ing. Peter Weibel sees art and science coming fogether nearly as a wound
that heals after five hundred years of separation??. The SciArt programme
professes, more modestly, that what we need is a democracy of disciplines,
a space of democracy between different methods of acquiring knowledge.
We are convinced that this newly found respect could pave the way to more
long-lasting collaborations and, to the benefit of all in the long term, a more
permanent closure of the rift between science and art.



With all this in mind, the starting point of the SciArt programme is its DIY phi-
losophy: it is more rewarding to put scientists in a room with artists and have them
work on a shared project than to discuss cultural or philosophical underpinnings
singularly with scientists. Even more, opening a space where artists can be inspired
fo conceive a new work based on science, injects into the process an invigorat-
ing dynamism that, in its turn, becomes a ferfile breeding ground for discovery.
Discovery of a host of potential forms of recombination, including commonalities
of infent and similarities of method. At the end of nearly four years of the project,
it is becoming clear that these discussions aimed at co-creation are mutually re-
warding and beneficial for all participants. Where artists meet scientists the room
fizzles with energy and wonder, bubbling with a spirit of discovery and enthusiasm.

As experimental programme, the SciArt programme has two partficularities.
The first is the diversity of science as practised within JRC. In the current edition, 12
disciplines are present, ranging from philosophy fo bioinformatics, from quantum
physics to earth systems science, from geology to data science. These still only
represent a part of the different sciences practised within the JRC. In se, itis arare
privilege to be able to work with many scienfists of these different disciplines, but
it is important not to forget the corollary for the SciArt practitioners: that at the
JRC, and thanks to its diversity, SCiArt has been able to move decisively info new
disciplines and fields. We consider that in this, the possibilities of recombination
are limited only by the number and quality of the meetings between scientists,
artists and policymakers.

The second particularity is the JRC's uniqueness in doing science in support
to policy, which creates a strong attraction for both artists and art professionals.
It is a measure of the generosity of arfists - in a view on artistry that might be
qualified asromantic —that they accept fo commit to the role of antennae of the
race; they are willing to take the risk to go further, to think along with research-
ers and policymakers to refine research questions and attract their aftention to
contemporary issues, in a programmatic respect for their artistic freedom. It is
also a strong atftraction to the artists to make art with and for policymakers and,
by extension, the European citizen. The works displayed in the exhibition and
throughout this book strongly manifest their enthusiasm for the European ideal.

Resonances

The figure of speech we chose to convey this active meeting of science and art
was that of resonances, with a singular that refers to the physical phenomenon
and a plural that is, strictly speaking, ungrammatical, yet opens up to pluralities
of discovery and recombination. The metaphor of resonating bodies is a strong
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one - such as a string that starts fo vibrate without being touched by a player
or even more simply, the resonating body of a musical instrument. It indicates
the project’s infention to have science vibrate with art and art resonate with
science, at once less and more than a full blending or a ftexture. It symbolises
the respect for each discipline but indicates that in unique moments, they can
find a common direction.

The flagship initiative of the SciArt programme is the Resonances festi-
val, the result of a two-year cycle on a theme (or meta-theme) important to
the European Commission. In the first year, artists are invited to the JRC site
of Ispra to discuss their work with scientists and policymakers. The artists are
invited to conceive, fogether with the scienfists and policymakers, a new work
based on science in support of policy. The ensuing art works are presented
first at a festival in Ispra, bringing these innovative exercises to the place
where research is done. Then the exhibition moves to an important arf venue
in Europe, to confinue the dialogue with the European citizen. The Resonanc-
es Il exhibition Fair/Fear was shown in the National Museum of Science and
Technology Leonardo da Vinci in Milan in October 2017. For Resonances llI,
the exhibitions will be shown in the Bozar Lab on art and science, in Brussels
Resonances Il on Big Data/Al/Digital Transformation is presented in this book.
The ideas and concepts behind the festival have grown since the previous
edifion. It has been possible fo dedicate more time and space to the pro-
cess itself than to a simple outcome, e.g. by establishing a programme for
residences in support to the co-creation process of the festival. Attracting
Freddy Paul Grunert, a professional curator with along experience in SciArt,
and Cristina Fiordimela, a professional exhibit designer with significant expe-
rience in science museum design, has certainly helped to gain depth and
focus. Not in the least with the concept of datami, a neologism with a strong
potential for capturing the many hot subjects swirling around Big Data, Al and
Digital fransformation. It focuses the variety of subjects info a strong image
that helps to discuss some essential issues around the use of data, from fake
news to privacy (see discussion below). Maybe because of this captivating
image and certainly because of the subject, participation of JRC scienfists
has been enthusiastic and sustained, both during the initial brainstorming
sessions on Big Data in early 2018 and during the Summer School in June of
that year. Great dedication has also been witnessed with regard to the re-
alisation of individual projects, both by scientists and artists throughout 2019.
SciArt has worked its magic: works are still imputed to artists, but many of
them have a true co-authorship, where the border between scientific input
and artistic elaboration can become very fuzzy indeed.



Twenty-three installations were selected after the summer school and are present-
ed in this book. The SciArt programme is proud to present one so-called satellite,
a project sponsored by another institution interested to set up a collaboration on
SciArt. The High-performance Computing Centre (HLRS) of Stuttgart?® graciously
allowed for computing time for the development of Renate Quehenberg’s GAIA
5.0, a 3D hologram of Earth Systems Science data. This collaboration with a pres-
tfigious institute should be the harbinger of a network of research institutes partic-
ipating fo future editions of the Resonances Festival, in a growing commitment
fo bridge the distance between science, art and society and fo disseminate the
concepts of mature SciArt.

Datami | Curation

The concept of datami as title and quintessential concept for the Resonances Il
Festival has certainly helped to put at the centre of ourreflections the personal life
of each of us living through momentous change. So, what is a datami2 Coined by
Freddy Paul Grunert early in the Big Data brainstorm with JRC scientists in January
2018, the datamiis an open concept that welcomes any interpretation and invites
anybody to define their own version of it. A dense concept with many strands in
art history and cultural studies, it is a confraction of the words data and tatami.
It indicates a digital version of the Japanese mat, which is at once a ubiquitous
piece of furniture used in a variety of situations, and a unit of measurement. As
the smallest unit allowing for rest and meditation, it can thus function as a unit
of personal identity; but it also invokes the active meditation of the Japanese
Budo —resilience, personal strength, capacity to act.

Drawing on these images, the datami focuses on our new lives, balancing
between a shifting reality and a commercialised one, and thus objectified digital
life. Not online or off-line, as Luciano Floridi has remarked, but onlife?*: a garbled
hybrid where life seeps info the seams of claustrophobic digital containers where,
under the pressure of merciless business logic, it is reduced to mere data points
in massive databases. The Cambridge Analytica scandal has shown that some
hundreds of data points can define a person better than a partner could — the
ongoing digital fransformation runs the risk of hacking our minds, as Yuval Harari
puts it?*, reducing individual lives to a series of hetero-directed stimuli governed
by potfent but shadowy Als in a computer thousands of kilometres away. Not
Big Brother, certainly, but much worse and more effective than Aldous Huxley
imagined in Brave New World.

Originally, the discussions on datami between the artists and the SciArt team
centred on concepts like identity and its multiplicity, on the various strands of arfistic,
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Resonances III Datami

Exhibition and graphic design by Cristina Fiordimela,
Bozar Salle des Archives,

Exhibition BozarlLab, Brussels

10 December 2019 - 19 January 2020

Photo Nastassia Zenovich




scientific, religious and other forms of knowledge that constitute our shifting sense of
self. The datami was presented by some, as a floating tatami with a budoka seated
onif, who welcomes issues and sends them to scientific disciplines to be informed by
facts, or to narrative enclosures to be enriched by fiction, or fo arfistic niches fo be
illuminated by art..., thus disclosing effectively the wealth and recombination of knowl-
edge and culfure on the internet. The datami therefore becomes a digital library, a
personal Kunstkammer or a cabinet of curiosities. In this private digital space, personal
history can be reconstituted with the help of digital frails and hyperlinks, and identity
becomes the subject of experimentation in a hybrid environment, enriched by personal
fact and digital association. The budoka could be seen as an avatar-in-cyberspace,
a new and richer self, constituted of our digital trails multiplied by our libraries and
encyclopaedias fo the power of our values, in a space sheltered from the gabbling
dataverse. In this manner, the datami becomes a place of rest and repose against
the digital onslaught, as the initial curatorial statement put it, a place that restores our
capacity to freely develop our expanding identities, but also a shelter and a refuge
against the data deluge and digital fransformation: ataraxis in a digital whirlwind.

In the Spring of 2018, the datami was a thrilling concept, with a unique ca-
pacity to envisage different worlds: a world of social media not constructed on
psychological feedback mechanisms of gratification, and governed by the pressure
of publicity; a dream of refounded social media as a tool of new encounters, an
insfrument of an invigorated democracy capable of reconquering its capacity for
representation onlife, that is in a digital space reconciled with our offline identities;
a dream of the benevolent and creative use of fechnologies, such as Al and block-
chain to experiment with new virtual spaces in arefoundation of our democracies...
Then came the Cambridge Analytica scandal. It was a collective awakening to
what a young philosophy student has called the tumefaction of personal life under
the pressure of social media and fake news?. More than a new space of freedom,
it seemed rather that social media and our virtual lives ended as an ill-adapted
and crumbling bridge between our on- and off-lives governed by confusion. Or
as “echo chambers” of sometimes very legitimate malaise or discontent, whether
merely shouted or openly fascist or racist. It might be true, as the Austrian political
scientist Ulrike Guérot observes, that we live in a pre-revolutionary state?, yet it is
certain that the condition of malaise or discontent is then reinforced by our digital
environments. For some datami artists, this enhanced the sense of urgency, but
also the sense of fear fowards a looming world of Al manipulation governed only
by corporate profit. Less a proposal of possible alternative worlds with their promise
of creativity and reinvention, and more a realisation of the urgent need to reclaim
our data, in line with the calls of many instfitfutions, organisations, companies and
individuals.
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So we wrote a Manifesto to coagulate all these thrusts towards a different way
of treating our data. The datamiremains, in the Manifesto, a space of multiple blos-
soming identities, but it does not shy away from evidence that cannot be eluded:
our data are ours. It is a statement that can be read as too radical or too naive,
but it is most certainly in line with the philosophy of the GDPR. It is also in line with
will.i.am'’s concepft of personal data as a human right and the Magna Carta of the
Web as found on the welbsite of the British Library?® and warmly supported by Tim
Berners-Lee. Berners-Lee observes that “... [O]urrights are being infringed more and
more on every side, and the danger is that we get used o it.” Af the same time, his
Solid protocol seems the most concrete proposal to democratically resolve the issue
of our personal data. The Manifesto clearly states that this must be resolved — it calls
for a digital declaration of independence, or a need fo redefine and so reclaim our
personal freedom. In other words, we think that this can only be resolved by a wide,
open and democratic discussion, with as many people as possible. It is essential
that we put forward our unalienable right to privacy, and that the use of our data
by companies be called what it is: a seeming theft of personality. This is what the
Resonances lll participants urge the European citizen, and, by extension, the JRC
and the European Commission to do: to take arole in a renewed affirmation of our
unalienable rights and European values.

The works in the Datami exhibition do not necessarily have this sense of polit-
ical urgency, but they all invite to reflect on the effects of Big Data/Al/Digital Trans-
formation on our personal lives. They are the result of various collisions between
artist and scientist(s) on the background of their personal datamis. The artists have
warmly embraced the concepts developed by the curatorial team, each declin-
ing it according to own practice and encounters. In their works, the datami can
be as personal as using your own DNA or simply be simmering in the background.
The concepts behind it can be a thread in their work on Al or simply become the
starting point for a discussion on time. All of them, though, embraced the concept
and set to work with it as they felt it, in total freedom. The resulting works are not an
exercise of style or a set of variations on a single theme, but a free artistic elabora-
fion of the dialogues on datami, data and personal freedom within the context of
JRC science. In line with the SciArt Strategy, we have favoured not a tfechnique or
a discipline, but a voice that was capable of declining the urgency of the moment
or of exploring the personal effects on our private lives. The result is an intriguing ex-
hibition with a wealth of different interpretations of the datami concept infertwined
with emergent science.

Like Resonances |l, this exhibition shows that integrating art intfo the life of a
research institute can bring unexpected and fascinating results. Both artists and sci-



entists expand their knowledge and work with novel concepts, as most of them
dointhe works issued from the collaboration. It can help scientists to have a new
look at their subject, rediscovering it with the eyes of the other. It is a process of
opening and enhancement, subjective and objective, free and entangled, al-
ways capable of linking disciplines and domains. We think that for all, it certainly
created tension and expectation — or freedom and more simply, fun.

Itis most of all an invitation to all, citizens in the first place but also institutions,
organisations, NGOs, and all stakeholders, including the European Commission
itself, fo collectively discuss our fragile European datami, in all its complexity, with
its benefits and drawbacks. It is a necessary exercise in democracy, which we all
know needs to be reinvigorated.

As the Manifesto says:

In short, it is democracy. Let’s do it fogether.

That is what this exhibition aims to achieve.
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If Wetware Takes Command..

Freddy Paul Grunert, SciArt Curator

If the self is a wetware
and the self is aware
It becomes a ware

If wetware - self-awarely becoming self a ware — takes command; if, by consequence, the human
spirit binarised by wet softwware would be expelled from the humanities; and categories like mind,
human and history would shift fundamentally; if it would be put under the control of algorithms —
functions of discourse network and their media: the second curatorial statement on Datami could
be at risk and mother’s mouth (Kittler) would be gagged forever.

I.

Mother's mouth cannot be gagged forever'. Nowadays data inflation in reading
and writing, in breath and research could play subvocally on historical forces,
allowing for the emergence of a new agency: SciArt. SciArt can address one of
the persisting lacks in modern science —the lack of a “mood” in science as well
asin art, which influences our collective views on world, nature, matter, relations
—in one word, reality. We would say it may be similar to the “implicate order”
of David Bohm, dominant factors determining relationships of dependence
and interdependence of different elements. We call it mood in an attempft fo
describe a spectrum of colours, emotion, attitudes such as readiness for action
or desire for understanding, a general standing-in-the-world that indeed colours
the way we look at the world. It is, in other words, more than filters as we know
them from technology, but refers to the momentary complex of knowledge,
emotion and desire with which we interpret the world — a correlation between
the known and the unknown. The mood is the centre of our being, the intersec-
fion of the collections composing a set, where the collections are the different
circles of our awareness — science, art, relationships, the whole of our interests
that determine our life and actions.

Nowadays, mood is not recognised as a prime generator or the cultural
machine of the many agencies that compose society; awareness of ifs influ-
ence isrepressed orrelegated into a sphere of infimacy, while in reality it also
shapes society’s collective feelings and outputs. As a result, the prevailing
mood of society is relegated fo corporate euphoria in a merciless mercan-
file logic — a logic of wares — that use various fads to hook up undeclared



aims and hidden orders. The clamour surrounding Big Data, Al and digital
fransformations is only the latest fashion that must help to uniformise human
desire, in a system that in the end seems bound to establish social credits
already implemented in some Asian societies. The antidote to this artificial
and falsifying mood of euphoria seems a certain melancholy — but not mel-
ancholy in the sense of Lars von Trier’s film or Albrecht Durer’s interpretation
of the ruling image system. While crossing Europe’s culfural landscape from
the North to the South, where melancholy was a subset of isolation, DUrer
fransformed the concept as resulting not from isolation, but from separation,
which allowed for distance that in furn allowed a conversion of a personal
infimate mood info knowledge — what we would now call a data set. Rather
it is melancholy as a philosophical mood, a psycho-logical attitude, logical
with incorporation of emotional intelligence, where the latter also yields the
former. The contrast between logical and psycho-logical comes from the
pages where African philosophy makes an effort to emancipate itself from the
occidental cultural system, with the emergence of a consolation philosophy
like that of Ada Agada, in an attempt to take into account the religious, sci-
entific and philosophical perspectives typical to African society and history?.
For Agada, being in the world is not sufficient unto itself because it is that
being who must appeal to something greater than, and external to itself,
to fully realise its joy. In his book Reinventing Ontology, his doctrine of mood
sees humans of all races converge in the melancholy being for whom there
is no meaning to human existence beyond the spheres of joy and sadness,
especially foday in a life fraught with existential challenges. He condenses
African episteme to constitute the answers to two fundamental questions:
is the universe pointless?2 And is human life futilee Agada sees mood as a
primary form of intelligence, the basis of feeling, a protfo-mind from which
advanced reason arises®.

Situated (thatis, experienced or embodied) knowledge implies that social,
cultural and historical factors will constrain the process of knowledge construction.
It is not only about knowledge, but about how this knowledge is situated within
personal life, infegrated info the full personality of the knower. That is where SciArt,
at the intersection of various forms of knowledge, functioning like collections of
set theory, drawsits force. We see it as embedded knowledge affected by history
and personal history, localisation in society, and thus by language and values,
the coming together of meaning and matter in the inevitably culture-bound
nature of all viewpoints.



Dear Freddy,

It is not easy to device a good title. The
great Italian newspapers know it, and fight to
get the best “titlists.”

“Datami” is a genial title. In its clever word
play, it contains deep meaning. It tells us
that Big Data dates us, meaning they identify
us and create personal and social identities.
In “dating” us, this title also suggests that a
database is a historic collection, an archive.
It is also the cartographic representation of
our present. Today, databases are our public
library and our private archive, the way in
which History and the stories of the Self
are mapped and narrated. *“Datami” invites us
to explore how we can critically resist or
reinvent these strategies, and even rest from

overwhelming data flow.

Giuliana Bruno, 12 March 2019

Emmet Blakeney Gleason Professor
of Visual and Environmental Studies
at Harvard University
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Looking at European sources, we find in ancient Greece the term metanoia, usually
franslated as changing one’s mind, and implying the fransformation that comes
with a conversion, including connotations of regret and repentance - thatis, the
combination of more than one viewpoint, at least a before and an after, within a
context of personal furmoil. We could associate this with the mathematical term
nearest neighbour, a relational connection of spatial points in a non-existing
space, separated in space-fime but entangled, the substratum of the real fully
infegrated into the real: all the conditions that created a situation, again, with
the inclusion of a personal state of mind or mood, where desire and knowledge
are intertwined in a vital and productive alliance. Combining this with SciArt as
intersection in set theory, SciArt becomes the faculty that allows a condensation
of local reality, capable of combining various viewpoints, the border at the plane
of knowledge. We think, in other words, that in this conception, SciArt can give
an answer to what is commonly thought of as the reason for the crisis in mod-
ern science: the questions of representability, of locality, and of representation.
Again, in order to solve these questions, we need a localised knowledge capable
of conversion that establishes a new and productive separation, renewing the
representation in an embedded practice. To stay in Greek thought, it becomes
thus the opposite of hubris, “the arrogance inherent in a (single) point of view”.

Itis thisembedded form of knowing that opens up to what Robert Laughlin et
al. called the Middle Way*. Looking for as-yet-undiscovered principles that might
be at work in what they call the mesoscopic scale, which isinfermediate between
atomic and macroscopic dimensions, and the implications of this middle way
on biology and physical sciences, Laughlin et al. state: “The search for the exist-
ence and universality of such rules, the proof or disproof of organising principles
appropriate to the mesoscopic domain, is called the middle way.” The missing
clue is to bring fogether evolution, emergence and non-linearity. Laughlin et al.
do this by looking at the level of large proteins in biology, still very incompletely
understood, but acting like computers executing a series of instructions favouring
life. Mesoscopic behaviour can also be found in non-biological systems, such as
glasses, exhibiting a wide range of time scales of motion, including indications
that entire mesoscopic regions reconfigure themselves cooperatively. Investigating
this middle way, is for the authors a central question of modern science — pointing
fo our inability fo see this dimension between the very small and the very large.

For us, SciArt is mesoscopic. It is the middle way that opens to embodied
knowledge, creating an abstract space of disruptive innovation and complex
systems. That means the emergence of a coming out of a cupboard of prejudices,



encompassing the binary drive of infentional and non-intentional meaning. In
otherwords, itis the resolution of binary 0 — yes/1 —no systems and abstract prob-
ability sefs with a reinvigorated capacity fo combine more than two elements in
polyhedral thought. Taking info consideration that objectivism is a philosophical
idea, not logically following from what science tells us about the physical world,
or from the scientific method itself. This implicates philosophical bias in the anal-
ysis of reality, not a mere data point, while scientific materialists ignore the ways
that immediate experience and the world can never be separated from the
statement of scienftific fact —in final analysis, from nature. This is where the mood
of SciArt can embrace the life-world of human experience as the grounding sail
of science, and thus from the existential and spiritual crisis of modern scientific
culture: what many call the blind spot.

The blind spot arises when we believe that the scientific method gives us
access fo naked reality. There is no way fo render reality apart from experience:
we must wake up from illusions of absolute knowledge suggested by philosophy,
asif our ways of measuring nature would be a source of nature’s self-understand-
ing. Referring fo Whitehead and the bifurcation, reality is made up of evolving
processes that are in equal measure physical and experiential.

IT.

Curating the Resonances Il Datami process must be seen in the light of the
preceding. The JRC is a space of intersection of sets of disciplines: sets of vari-
ous sciences and different policies, but also sets of relationships, power, policy
and societal freedoms, landscape, architecture, laboratories, and history.
These sets all carry a degree of freedom, which Resonances lll interprets like an
agora infended in the original sense of the word, a crossing of public space,
a topology of human relations and their embedded knowledge, coupled to
the need to express desires. In this complex reality of day-to-day practice of a
service-minded science (in support of policy), SciArt becomes mother’'s mouth,
the set that intersects with all sets incarnating their particular agency. SciArt
opens up to the middle way, fully retaining its own agency of degree of freedom
fo recombine this complexity in an embodied practice.

For a curatorinterested in these intersections, the JRC presents itself as propi-
tious ferrain of experiments, or, in an easy metaphor, alaboratory of SciArt agency.
The motivations are clear, as are the institutional resistances to the infrusion of
an ‘ofther’ that is not part of the expectations of researchers. The question then
becomes how to create a space where SciArt can deploy its degrees of freedom
and establish its middle way as a welcoming space of experiment. The JRC is
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perfect in that it does not confuse the boundaries between art and science, fo
the opposite of certain research in this field in the past. The separation and con-
version we are looking for are similar fo Mary Catherine Batesons’ new approach
to knowledge. Quoted by Catherine A. Jonesin her “cybernetic epistemology™:
the individual mind is immanent, not only in the body, but also in a larger Mind,
of which the individual mind is only a subsystem in concert with other entfities
— webs of symbiotic relationships that form patterns we need urgently fo sense
and harmonise with®. Here, we are aware that biologists and anthropologists are
otherwise engaged with frans-species understanding of infelligent systems, and
keep in mind Gregory Bateson’s observation that corporations merely simulate
"aggregates of parts of persons” with profit-maximising decisions and are cut off
from “wider and wiser parts of the mind'.

The Dafami, as a device of SciArt, is a situated research of proxemics, i.e.
the study of distances. It allows for a much-needed separation, not only of daily
practice, but also of a life-long endeavour as researcher, whether scientific or
artistic: it is not the ambition to make world-shaking discoveries or solve univer-
sal equations, but to shine a light upon the crack that the coding of Arfificial
Intelligence-machine learning forces upon the social contract and the very
scaffolding of civilisation. Quoting a recently published EU-funded research’, on
the one hand, the agency of individuals and groups is starting to approach that
of nation states, while on the other, our mobility and hard-won rights are under
threat. What tools do we need to understand this new world of Al and machine
learning, where technologies increase powers of surveillance, allow corporations
to extract ever more complex working arrangements, and how can art assist in
envisioning and enacting other possible futuresg We try to break the “innocent
fechnosphere” established by male IT scientists and cybernetic artists from the
1950's on, of which the art of the 1980’s showed the apocalyptic limits in films like
Bladerunner, and which, in the 1990’s, became the object of feminist artists’ crit-
icism. The latter tackled the question of whose intelligence Al was attempting to
simulate as a completely suffusive condition that demanded our critical attention.
For an artist like Lynn Hershman Leeson, responding to the technical triumph of
cloning Dolly the sheep, it was crucial to draw the connection between meat
production and meat machines.

Curating SciArt means, in other words, reflecting on algorithms or rather,
reading algorithms with a profound understanding of their level of abstraction
and of the process that, when entering the field of a unstructured reality, em-
bodies an idealised space of digital processing, which on its furn is implement-
ed in complex aggregates of abstraction, simulation and concrete lives. This is
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related to Norbert Wiener's warning of 1964. Disenchanted with the “gadget
worshippers”, Wiener stated that the danger did not lay in machines becoming
more human-like, but in humans being treated like machines, having observed
already in 1959 that ... The world of the future will be an ever more demanding
struggle against the limitations of our intelligence, not a comfortable hammock
in which we can lie down to be waited upon by our robot slaves “. His warnings
went unheeded for fifty years because, as Judea Pearl, specialist in Bayesian
networks observed, Wiener was not enough of an IT specialist and did not use the
fashionable metaphors such as programming, codes, computational functions,
short- and long-term memory. In one word, he spoke analogue.

Discussing the theme of Big Data, Al and Digital Transformation with SciArt
stakeholders at the beginning of the process, a recurring objection was that we
came too late, and that by the tfime of showing, the exhibition would already
be obsolete. In short, we can quote Ray Kurzweil's The Singularity is near and
superintelligence is already here, to observe that the contrary has happened:
not only is current machine learning a far cry from superintelligence, but Big Data
and Al are still prominently present in the public mind, with the cry for a different
world slowly gathering steam. The awareness has only become greater, that
current machine learning operates almost exclusively with stafistical inference
in a blind-curve fitting mode model, lacking sensory input from the environment.

The Resonances Il Datami installations investigate the gap between the
abstract desire of the algorithm for answers, as written by a scientist, and the
real-time implementation of this kind of processing. They shine a light on the
complex series of intersections between the moment any data enters the black
box and the result coming out of it. The artists are hereby able to capture the
mood of the writer at the moment of writing the algorithm, making it together
with the scientist into the middle way. We want to therefore stress the importance,
not so much of the results, which are infriguing for their part, but of the process
that scientists, policymakers and artists have followed. The novelty for curation
is to establish and enhance this common space, this intersection or this series of
intersections where the spirit of experiment can profit from the freedom that we
see as inherent in the SciArt process.

It is also in this sense of shared processes that we infroduced the concept
of opera. Taken from ltalian, as antagonistic to the term artwork, it indicates in
this radical change of lexicon the need to leave behind the classical concepts
of the aesthetic, and rather consider the art world as the “art-machine spinning
freely” that the Italian philosopher Giorgio Agamben describes in his Creazione
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e anarchia®. Agamben starts from Robert Klein's eclipse of the artwork?, which
defines the elimination of the work as a major target of avant-gardes, passes to
Guy Debord and his situationist declaration that they wanted fo at the same fime
abolish and realise the work of art to discuss the changing status of the concept
of artwork since ancient Greece. He comes to the conclusion that the concept
of artwork is empty, while contemporary culture creates a host of works not any-
more bearer of Aristofle’s original energeia (creative force) contained within an
ergon (work). Rather, we recognise that any work of culture that we consume is
the result of more or less extensive collaboration between different skills, tfravel-
ling in impromptu collaborations on ever more cluttered digital highways. In this
way, the term opera indicates this open, collaborative space where scientists
and artists can meet without the burden of cultural heritage or the spinning of
an art-machine running wild.

From SciArt as a middle way, an intersection of the JRC's many intersections,
from process to opera, from science to art, this catalogue intends not to illustrate
or reproduce the artworks but to document the process in Ispra. It does so by
frying tfo capture the individual voices and personal histories, in order to docu-
ment this middle way between science, art and policymaking. By expanding the
catalogue on the internet, it becomes a re-visiting tool that even if one has not
seen the exhibition in the JRC and more, not witnessed the energy fizzling in the
room during the 2018 Summer School, or visited the labs in Ispra, it is still possible
to capture a glimpse of the uniqueness of the Resonances process in Ispra. Itis a
festimony fo the courageous decision fo open an institutional research institute
with the decision to support policy that influences the lives of all European citizens.
It is also the result of a curatorial decision, to put the process at the JRC squarely
at the centre of our work, showing science at the JRC, and exalting the arts at a
vital intfersection of our knowledge.

Transferring the exhibition to the Bozar in Brussels, without eclipsing the
intelligibility of this intersection, we are aware that we will be finding a different
force field. We hope that this can lead to an augmented set of inferactions, where
SciArt — the infersection of art and science — can give rise to a new infersection
with society. The exhibition design exalts this intersection of science and art in
the JRC, and brings it fo Bozar to bear fruit.
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IITI. Epilogue

We think it is important to dwell on the mood of the process. The conversations
with the scientists, the fechnicians, the administrators, the visitors, the artists but
also with the landscape, the plants, the witnesses of past research on the Datami
itinerary in the Joint Research Centre’s landscape with the breath of the Lago
Maggiore, has created a persistent mood of melancholy as a form of metanoia,
a conversion where different point of views are held together in a fragile equi-
librium, giving alpine-coloured contours to our weak society.

1. For the concept of Mother’'s mouth, see Kittler, Friedrich A., Discourse Networks
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4. Laughlin, R. B., David Pines, Joerg Schmalian, Branko P. Stojkovic, and Peter Wolynes,
“The middle way”, in: PNAS, January 4, 2000, vol. 97 no. 1, p. 32-37.

5. Jones, Catherine A. “The Artistic Use of Cybernetic Beings” in Possible minds: twen-
ty-five ways of looking at AI, edited by John Brockman. New York: Penguin Press, 2019.

6. Bateson, Gregory, Steps to an Ecology of Mind. Foreword by Mary Catherine Bateson.
Chicago and London: The University of Chicago Press, 1999 [1972].

7. Quoting a recently published EU-funded research [(https://networkcultures.org/blog/
publication/state-machines-reflections-and-actions-at-the-edge-of-digital-citizen-
ship-finance-and-art/], on the one hand, the agency of individuals and groups 1is
starting to approach that of nation states
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Neri Pozza editore, Vicenza, 2017.
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Kaleidoscope of images of Datami artists,

and Making of the Datami festival in JRC Ispra site
by Amal Mokded
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Scientific coordination of the SciArt project.
A Brief.

Francesco Mugnai, Scientific Coordinator of the SciArt project.

In this historical period, it seems that the major part of institutions, private com-
panies and individuals is tending towards a race to the most evolved, to the next
threshold of invention, towards an ever more unremitting technological evolution,
fowards ever new findings in scientific research. A distracted observer could get
the impression of a quickly growing stain, or an infection that spreads everywhere
in afew years—thatis, very rapidly, even for a mature society. The infection spreads
from the most remote confines of the digital universe — including but certainly not
limited to Big Data and Artificial Intelligence (Al) — up to the most mediatizzato in-
novationsin the field of biology or ecology, medicine or engineering, economics or
finance, up to the field of governance, not to mention the explosions of apps that
promise to improve our lives. This change, driven forward by a strong hybridisation
of disciplines and roles, seems quite universal. As researchers of the JRC working
on the borders between science and policy, we are inevitably swept away by
this movement. The strong propulsion towards innovation in all fields gives us the
impression to be up against a real innovation epidemy or more, a real pandemic
of novelty where reality seems fo be fopsy-turvy:itisindeed not difficult to imagine
that the sickness is, in this case, the real motor of innovation, and not the cause to
eradicate, which then provokes comments on anthropological mutations, even of
our democracies. In many fields, we see key players that seem to have mastered a
new method, with marked skills in fransdisciplinary recombination, reinforcing the
idea that the “infected” evolve quicker, accelerating the acquisition of superior
pioneering skills.

In such a climate, mutations occur more frequently, and in far superior num-
bers. It is here that institutions like the European Commission are called upon fo
play their role, providing a cure while often suffering from the same ill. They have
to go in higher gear to keep up with the times, to maintain the solidity of their sci-
entific research in a changing context. The old methods of sharing their findings
with society do not work as before while they still are bound in exercises of horizon
scanning to be prepared for the next novelty.

The SciArt project plays out in this context and is strongly geared towards its
objective to investigate and aliment creative processes, in scientific and artistic
research. The JRC hosts a multitude of scientific disciplines fo push forward its in-
stitutional mission of science in support of policy. This multidisciplinarity allows it fo
benefit from hybridisations in a massive way. The SciArt process itself is not bound



by a single vision but is composed of various interpretations that reinforce each
other through complementary actions — as mentioned elsewhere in this book,
the possibilities seem only to be limited by the quality of the encounters and the
space (also the institutional space, in time and resources) that are needed for
the elaboration of projects.

The research processes of SCiArt evolve in an epistemological multiverse and
take form through bold collaborations on the frontiers of and between disciplines.
The project allows not only for a deep blending of various scientific disciplines, but it
also promotes close and honest dialogues between different artistic and scientific
disciplines. JRC activities are concentrated in units, departments, each of which is
in charge of specific themes such as Cybersecurity, Crisis Management, Health and
Food and many others. The units that have collaborated with the project are more
than 30 on a total of 70+; even the more technical, logistical and administrative
units have been involved. The result is visible in the Resonances Festival, where each
art installation is the result of efficacious hybridisations — as if the virus of fransdisci-
plinarity were rampant — and issues and catalysts mingle and blend, reacting as
in a primordial soup. One of the reasons of the success, the growing participation
of JRC scientists, can be found in the fact that the encounters between scientists
and artists liberate an inebriating energy, areturn to an enthusing tabula rasa that
effectively opens up new research vistas for both disciplines.

Yet, in the extended community of researchers, administrators, technicians
and policymakers that make up the variegated body of the JRC, not all share the
same concepts on the SciArt project. There are different ways of responding to
the project.

Some see in the integration of science with art an exorable process, one of
the few ways to achieve areally effective development capable of capturing the
explosive historicalmoment we are living through. Some others see this infegration
as more problematic, needed mostly to satisfy the desire for novel methodologies
where rather than developing new ones, rather a passing fad than a direction
fowards substantial progress in research.

Still others are curious without inclination fo really take part in the process.
They might make allowances that these epistemological collisions might result
in lasting results. Often, they have a pronounced interest in art or are amateurs
practising art themselves. Yet again, art remains an unknown to them, at least in its
contemporary and professional form, which does not diminish at all the authentic
open-mindedness fowards pursuing new dialogues with other disciplines.
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Finally, there is no dearth of doubters and sceptics, up to a small minority ready
fo sabotage the process. We consider them as still living in what is, in the end, the
cultural construct of the two cultures, with a strict separation between science and
art. Sometimes because of narrow-mindedness, sometimes because of ideology
(in the sense of the impassable rift between art and science), but often because
of a fear to be contaminated fatally, they keep aloof of the project and refuse
to cooperate at any level.

Since 2015, all these different attitudes have had the occasion to express
themselves and more, they all have interacted in one way or another with the
project. The most surprising results were obtained where all different atfitudes
have been dragged into collaboration, e.g. when a convinced backer may
have involved a scepftical whose scientific knowledge or technical skills were
paramount o finalise an art installation. In the end, in these four years, more
than 100 artists and as many scientists have met, collided, and found common
ground. They have participated as functional catalysts to this process of blending
scientific and artistic research and collaborated with the artists in works if not
of real co-creation, at least of active co-production of commonly conceived
proposals. The most enthusiastic and convinced scientists have shown, time after
time, their mettle in devising workable solutions to realise these artworks, of which
more than fifty have been created in the three editions of Resonances.

Before, we mentioned that institutions foo have been infected by the strong
fransdisciplinary and experimental push typical of the SciArt process. Practising SciArt
as aresearcher, and even more as scientific coordinator of the project, requires
a great deal of self-study. One needs to master instruments and fechniques that
are typical for other disciplines (whether scientific or artistic), embracing a form of
continuous learning of the other’s skills that is sometimes harsh on one’s own skills
and competences, which were often acquired with much effort. Yet the willingness
and capacity to enter into other fields is a useful skill when confronted with diverse
themes (such as Big Data) and changing groups of parficipants — it is also a boost
for communication skills to consciously work on pushing borders, opening, for each
edition, to other disciplines and cultures, interests and attitudes. This also applies to
organisations: learning fo employ external competences not part of the organisation’s
classical competences, in an open dialogue with a different culture, is enriching for the
organisation foo and can be seen as an essential element of aninnovation foolbox.

| have often been tempted o see the SciArt project also as a social experi-
ment —in line with the project’s subtitle invoking science, art and society. This part



of the experiment consists in understanding how a specific scientific community,
that of the JRC, responds to such a momentous challenge, that engages all hi-
erarchical and functional levels vertically as well as horizontally.

It would undoubtedly be inferesting if not urgent, fo capture the evolving
responses of single scientists, of the different groups with different degrees of ac-
ceptance, and of the enfire community. It might be done with a questionnaire
capable of mapping the changes in attitude and degrees of conviction fowards
the SciArt process. A most eloquent indicator are the figures of growing collab-
oration between scientists and artists. From four at the first edition of the Festival,
it went to some twenty in the second one, arriving at 49 and, in the period of
residences, more than 80 in the third edifion of the two-year cycle 2018-2019. A
similar remark can be made about the artistic quality of the realised artworks,
inftended as their capacity of receiving recognition from the international art
world. At the same time, the 2019 residences programme has allowed for deeper
collaborations, often with a great programmatic felicity on a scientific, artistic and
personal level, giving a strong push to the experimental character of the project.
Indeed, in the conceptual phase the projects pushes for open proposals, with a
stfrong experimental component on artistic as well on scientific level.

A similar clear tfrend of growth can be found from the viewpoint of scientific
production, evenifitisless consolidated. In the beginning, scientific contributions
were limited to a rehash of pre-existing research texts used for infernal publica-
fion. In the second edition, it included participation to infernational conferences
with peer-reviewed publications touching upon new research themes. The pro-
duction of the third one can only be verified in the aftermath of the Festival and
Exhibition, but it will be an important indicator for the future development of the
project in the coming years.
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Art and HPC - When the Result is Morethan
the Sum of its Parts

Andreas Wierse, Director SICOS BW, Stuttgart

At first sight, the three lettered word art and the three-lettered acronym HPC (High
Performance Computing) do not appear much related. They rather seem o be
at the opposing ends of a scale that reaches from (cold) technology to (warm/
human) creativity and emotion.

However, for us at the "High Performance Computing Centre Stuttgart”
(HLRS), this is actually a motivation to look closer at how these two topics could
be explored together, and how they could benefit from one another.

For us, thisis not as difficult as it might appear: the computers that we provide
are basically tools for our users. Their goal is not to just use the computer (in fact
never ever we had someone approach us: “l would like to user your computer!”,
“What fore”, "l don't care”), but they usually want to solve a problem. In the es-
sence, our computeris a tool for them. Therefore, it is not absurd fo assume that
our fast computer could be a tool for an artist, an enabler.

From the other perspective, that of an artist, it is actually not so different. Many
artists use tools, ranging from a simple pen to really complicated electronics; so,
they might also be open to use our powerful fool. Now, the problem has been that
our computing centre staff rarely has contact with artists; and the artists usually
do not know, what the capabilities of a supercomputer would allow them to do.

In order to fill that gap, it is necessary to communicate with regard to the ex-
istence of the computer as well as of the artist. However, it is not sufficient to simply
know about the existence of the other, it is also crucial that they understand each
other. Knowing about the existence is simply adding up the two components, while
understanding opens up new dimensions, actually multiplying it (figures larger than
one of course;-). The result will be more than the sum of its parts!

Our experience shows that knowing about the capabilities of the supercom-
puter itself already helps artists fo integrate these into their creative process. But
being a more or less binary system that takes 0 or 1 digits as input and produces 0 or
1 digits as output, the supercomputer might be perceived as somewhat sober. It is
mainly in combination with an output channel that is human oriented that the real
value of the supercomputing power can become visible: visualisation as the widest
channel for information.



The usage of an advanced virtual reality environment like the five-sided
CAVE at the HLRS, allows the intfegration of the viewer into a virtual world, which
through its interactivity, creates the illusion of being part of this world. Complex
three-dimensional structures can be experienced as if they were almost real, es-
pecially through the fracking of the viewers' position and the related correction
of the perspective that is used to render the scene. The inferactivity is not only
limited to the positioning of this viewer: due to the tight coupling of the visualis-
ation system with the supercomputer even complex behaviour can be infegrated
intfo the scene, allowing the artist to bring things o their (virtual) life, that cannot
be realised in a physical environment. This setup can be the portal to imaginary
worlds, a completely new playground for arfists!

Datami offers the environment fo not only meet, but also fo exchange and
develop ideas. The intensive, workshop-like setup provides exactly the space and
fime that is necessary to develop the deeper bonds that form the basis on which
new and exciting things can develop. This is the ideal constellation to open up the
minds not only of scientists, but also of technologists such as myself, as well as arfists.
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Digital Transformation - Can Reality Keep Up?

Michael Resch,
Director High-performance Computer Centre, Stuttgart

What has so often been predicted in computer technology has only recently led to
alevel of performance that allows for along-planned — and rather often proclaimed
- revolution to actually happen. With supercomputers reaching performance levels
of about 10A18 operations per second, the digital world is starting fo shape what we
are used fo call “reality” —without exactly knowing what we mean by if, but referring
fo it somehow as the world around us that we can perceive with our senses. This
performance explosion inrecent years, isaccompanied by an even more explosive
growth in data and information. Unlike Byung Chul-Han's concept of information,
developed mainly fo criticise the banality of the Internet as the pornographic pol-
ished surface of reality, information is becoming increasingly understood as it was
originally defined by Shannon and Weaver: as that which is surprising. And there is
a lot of surprise in the newly created digital world that surrounds us.

By creating digital realities — and not just a single one - digital fransformation is
starting to challenge our traditional concept of reality, as it starts to create a whole
universe of realities. Each of these remain somehow connected to our fraditional
concept of reality, but at the same time to a new and unseen pre-reality with its own
concepts of reference and meaning.

What Walter Benjamin observes for the work of art in the age of mechanical
reproduction, is becoming the standard for all reality that we face. And more than
that: like art, ourreality starts to lose its fixed point in space and in time. The concepts of
future and past disappear as well as the concept of location does. Contextualisation
is no longer a concept of an entity being located in a system but rather a concept
constantly changing its meaning being located within a rapidly and permanently
changing lucid non-system. As a consequence, the concept of originality has to be
put on the red list of extinction.

Already badly damaged by the concept of mass production based on stand-
ardisation and the elimination of everything that is not “normal”, the origin of any
digital artefact makes it evenimpossible to find that first mould that was used to create
the infinite number of copies. A thorough analysis of the digital transformation has
fo conclude that digital transformation has killed “identity”, leaving no more space
for an identity based art or society.

This does not only challenge our concepts of intellectual property and individual
ownership of anidea - at least in the western world, while the eastern world is much
better prepared to live with the concept of permanent modification —it also brings our
fraditional concepts of art to the point of despair. What is the purpose of a museum



if there is no longer an original piece of art2 Even if we consider that museums are
aninvention of the modern world playing a very well defined role in a middle-class
based capitalist society, we have to rethink art, its ways of presentation, and ifs (re-)
production. With the inevitable question: what does this mean for the artiste

At the same time, digital fransformation makes it impossible to define the nor-
mall version of an artefact compared fo the non-normal versions. Replication and
modification are not the exception in the digital fransformation but become the
new normal. One is tempted fo say: the normal is the abnormal.

What is perceived as a challenge but also a chance in art and in science, is
increasingly becoming a serious problem for modern societies. After 200 years of
defining and shaping the world in tferms of nations — with numerous wars fought over
the purpose, meaning and role of that concept — digital transformation completely
changes our perception of readlity, fo the point it makes regional, religious, linguistic,
historical, and other classical distinctions meaningless. Instead of providing stable
ground for identification within a fixed notion of nation, family, religion, language,
society, and profession, digital transformation multiplies the already existing confu-
sion of the modern human being with its many options fo live its life. What was unfil
recently considered a nightmare of options to find a path in, life furns info an even
worse nightmare of realities fo live in simultaneously. Not only motivated by the var-
jous roles that each of us plays in the various “orders” of modern society, but also
because of the fluidity of any role in what we have come to call the digital society.

This causes pain, this causes confusion, this causes rejection — as has always
been the case with new technologies. With all this in mind, we have to remember
that we learned to cope with Gutenberg as well as with TV. The remaining question
left with digital fransformation is: what will “we"” look like once the transformation
is overe The global village of Marshall McLuhan is but a starting point for a journey
that has only now begun.
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Image Construction Site

Cristina Fiordimela, SciArt exhibition and graphic Designer

Breaking the silence
Of an ancient pond,
A frog jumped into water —

A deep resonance.

From Matsuo Basho Haiku, translated by Nobuyuki Yuasa

Datami area as defined in “commoning”

The search for a Datami aftitude with which to approach the JRC campus as a habitat
for SciArt is still a work-in-progress, which continuously fransforms how we perceive
JRC space from a setting solely dedicated to research, o an existential dimension,
fo the coincidence of work-life. Moreover, the JRC community is not only scientific,
itis in fact much more extended and particular when it comes down to referring to
its territorial space. The JRC campus can consequently not be defined by the usual
faxonomies of organisational types, such as “university campus”, “research institute”,
or “scientific laboratory”, and not even by that of a "managerial-administrative
office”, because it is, indeed, all of these as well as none of them at the same time.

Applying the shape-shifting Datami concept means committing oneself fo a
continuous dialogue with the experimental spirit of SciArt. To do so without the need
to continuously define the Datami’s contours, but rather by fracing the moments when
it opens-up, has been a fertile period that allowed to cultivate the JRC campus as
a field of knowledge, and as a newly writable area. The latteris axed around a new
space for art that breaks with convention, where frontiers are defined as exclusive/
peripheral, in a fension towards a concept of urbanism where art and life become
indissoluble. This, we have done through the concept of “commoning”, calling it “Art
without table* (art sans table) in one of our latest performance-actions at ECA, the
European Commons Assembly'. This resonating “commons-art” spreads out while
passing through the JRC campus, as arelational space, where it becomes possible
to reformulate “a common seed”. This arises from intertwining the study of the art
installations with the mix of languages, signs, infersections, and differently shaped
volumes that punctuate the site, revealing the place’s calling as a sensible habitat,
porous to complexity. Thus, the JRC isrevealed as a “commons-area’” by this passage
of SciArt, unveiling its capacity fo cultivate knowledge jointly as a cognitive practice.



SciArt promenades, crossings, itineraries

During the SciArtresidences, we traced the landscape as narratfive, with multiple
incipits, structured in a queer miscellany of cognitive materials extracted from
direct experience on the field. Fifty-two kilometres of tracks on the site were
explored, often taking us off the beaten fracks and roads: from the top of the
meteorological. tower to the edge of the forest, where the ribbit of the Lataste
or Italian agile frog, a rare species of red frogs, resounded on the surface of the
human-like shaped lake.

These were the first signs harvested in the “JRC fields”, from bodies and
visions, as disentangled images from a kaleidoscope. We took the scientists on
roaming walks, with stops, pauses, deviations, unexpected turns, and noticed
how the rhythm of steps changed with habit once the paths became habitual.
We noticed the flux of cars that cancels the curbs of the road, blurs them, con-
founding matter in a single amalgam that smoothens vision. We took the artists
on the same walks, to measure distances and spaces, take photographs and be
filled by wonder. Curator Freddy Paul Grunert invited them to expand their vision
of the site, as if they were hovering and swarming above it like drones.

The site unveiled itself to us through the scientists and their memories: its
intricate network of laboratories and buildings designed to practice science.
Walls do not matter here — maybe there should not be any: the crossing is em-
bedded within research as such, and connects the spaces as if it were a matrix
that generates the landscape of the research field. It enables to tfranscend the
stereotyped morphology of buildings — it is precisely in their modularity that is
full of known associations, that resides a possibility of franscendence of these
buildings: divisions, compartments and walls could hereby be replaced with
silk screens. The new buildings use big glass windows or glass walls fo enhance
fransparency and fo respond to a wish fo overcome the division between the
visual and cognitive fields.

Roaming the site with scientists discloses a new way of orienting oneself across
architectural or urbanistic limits: research paths are inter-connected, without
uncoupling the place-instruments-research entities. It is a cognifive system that
franscends views, and that, when fouching art, enters the field of the Pictorial Turn,
as described by W.J.T. Mitchell. He describes the concept of “Material Practise™:
in a world where everything is composed and where media, as well as scientific
research tools, are relational networks?.
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Datami Display

Exhibition Milano Digital Week
Palazzo Giureconsulti, Milano
13-17 March 2019

Photo Cristina Fiordimela
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Moving within this “dis-orienting” visual system is like walking with our eyes
closed. In this blind environment, we defy conventions and move info what
Mitchell called "visual literacy”, and which Eisenman explained in Digital Turn in
Architecture . In the text Architecture After the Age of Printing®, Eisenman states,
“Architecture will confinue to stand up, fo deal with gravity, to have “four walls”.
But these four walls no longer need fo be expressive of the mechanical para-
digm. Rather they could deal with the possibility of these other discourses, the
other affective sense of sound, touch and of that light lying within the darkness”.

SciArt_Datami Design-field

Artistic engagement gives rise to other fields of work, involving experimentation
with a range of approaches. The common thread binding these experiences in
the field together is the simultaneously artistic and scientific motion/movement
that drives the work. Curator Freddy Paul Grunert refers to this as the SciArt
agora, involving a “peripatetic crossing that redesigns the intersection, a sort of
Urzelle (primordial cell) for a new form of citizenship, from which life, rules, desires,
curiosity and harmony extend, in an Aristotelean sense”. The SciArt intersection
manifests initially in the design field, involving the creation of an ad hoc image to
accompany the SciArt word. The composition is achieved through the sliding of
one field into the other, until the signs merge to form a single, ever-open “hook”,
supporting the concept of agora as crossing.

The resulting SciArt image is a sort of rewriting in the field,
be-coming uncoupled from the logo to move into the locus.

The pursuit of dimension-Datami-agora is conveyed with reference to Kuki
ShGzd&'s Structure of iki4, which manifests itself here as “a sidelong glance, the
ability to combine spontaneity and artifice”, towards iki/sui, the essence. Such
considerations — combined with the pursuit of dimension, initially emerging in the
spatial matter-form unity of the sun, the tatami matrix — give rise to the Datami
image, infended to evoke the data-embodiment tension, with a simple, candid
sentiment that withholds disdain.
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Site_image

The subject of the JRC's SciArt Datami interstitial redesign project is the image,
and its infiliration of the “field” where surfaces serve as a palimpsest.

The surface is the matter-image, the film, the indistinct dissolution of the pro-
jectionin the air, the face-aspect, surface as subject of the inherent and deform-
able image, with reference to Surface: Matters of Aesthetic® by Giuliana Bruno ,
and the aesthetic of the invisible explored by Pavel A. Florenskij in his writings on
iconostasis. At the JRC, matter-image flows info site-image: a system of images
oscillating between the artefactual existence of the remains of post-nuclear
work and the becoming of sites that, by way of a series of accelerations and
decelerations, continuously reset the architectonic arrangement of the space.
The redesign of the SciArt_ Datami space takes advantage of the changeable
nature of the sites from which it draws its impermanence, the incompleteness of
a space with borders that are constantly changing to redefine the space where
the operais produced. And, in a more general sense, it is the work-site in the field,
understood as aresearch centre and common space where scientists and artists
work together on the opera. The concept of site here encompasses the notion
of a framework, a supporting structure designed to be destroyed. The sense of
incompleteness, ephemerality, suspension, also extends fo the interaction with
laboratories: the photographic images, taken by the artists during their residencies,
are treated like museum items, some testifying to work that is no longer ongoing.
The composition of the image therefore operates in the same way as in a muse-
um, occupying the glass surfaces of the dividers, the plaster of the walls and the
floor, to produce a palimpsest_museum, an agora_space of shared rewriting,
expanding the concept of museum_medium discussed by Roger Silverstone®.

The relief of the space therefore presents a system of spatial relations, driven
by a desire fo move beyond cartographic representation, with a swarm of drones
flying overhead (the visionary image of the curator to accompany the “outside”
inside the campus).

Vegetationis by no means a secondary feature of the research site. It looms
over human activity, creating unexpected visual crevices, reinforcing the sense
of limitless cognitive discovery, which operates within the paradox of a series of
openings with boundaries that one is mentally aware of without, however, ever
being able to grasp their full extent. And the vegetation — and the orography of
the site more generally, with dense wooded sections that thin out info glades,
sometimes wild and partially hidden, and home to native species that are rare
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Exhibition BozarlLab, Brussels

10 December 2019 - 19 January 2020

Selections of demanding SciArt works at Bozar:

Quantum Oscillographs, Photo Cristina Fiordimela

To Breathe, The Tannhduser Gate, The Making of Datami: a draft diary,
Silicon Synapse, Gaia 5.0, To Breathe, Photos Riccardo Pareggiani
IN|de|Finite, Photo Cristina Fiordimela
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both in terms of their biological mutation and the protection of their natural habitat
— provides the pretext, the SciArt artifice that serves as a fixed yet simultaneously
weather-changeable keystone, of the inferstice_image system that goes beyond
the human understanding of the human.

“Humans have always been radically reshaped by the designs they produce
and the world of design keeps expanding. We live in a fime when everything is
designed, from our carefully crafted individual looks and online identities to the
surrounding galaxies of personal devices, new materials, interfaces, networks,
systems, infrastructures, data, chemicals, organisms, and genetic codes. The
average day involves the experience of thousands of layers of design that reach
deep into our bodies and brains. We literally live inside design, like the spider lives
inside the web constructed from inside its own body. But unlike the spider, we
have spun countless overlapping and interacting webs. Even the planet itself has
been completely encrusted by design as geological laser. There is no longer an
outside to the world of design. Design has become the world’.”

The JRC is part of this world. It's not re-design of the human, it is art science
policy landscape structure knowledge pleasantly diving in landscape. The site_
image is a visual dis_orientation that provides the opportunity to move through
a system of complex references, franscending cartographic representation, the
numerical identification of buildings, the bijection of accessible routes. | insert
the curator’s correlated traces of Resonances printed like crosswalks to connect
the diffused installations: R: Reverberations/ E: Eigenstate/ S: Shift shaping/ O:
Oblivion/ N: Nearest neighbours/ A: ad hoc assumptions/ N: Negentropy/ C:
Contingency/ E: Erasure/ S: Solicitation.

The essential feature of the Datami matter-image is the SciArt open hook. The
walls are opened up by the closing of the windows covered inimages: images of
the SciArt project, images of the laboratories. The laboratories are connected by
a system of images that reconfigures the site, working on the horizontal plane of
the facades to draw them together on a single sheet, that visual-cognitive unity
within which the scientists move every day.

It is a single suspended field, unshackled from the gravity of the walls, at-
faching itself to the barely perceptible motion of the trees, fo understand the
notion of intertwining, of the cognitive forest of images, tfransferring the cognitive
emotions of the virtual environment discussed by Christa Sommerer and Laurent
Mignonneau? to the situationist physicality of that defined by Paul Ardenne, in Un
art contextuel, as “art de la mobilité, art de la matiere, de I'instance et de I'ac-
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tion propice & développer chez quiconque s'y trouve confronté des sensations
mentales, visuelles, obligeant & repenser I'ordinaire de 'esthétique” .

The walls are covered with simple paper posters, torn by the wind and
soaked with water, alluding to their inherent ephemerality. And so perhaps the
matter-image becomes the eternal-present: the present infinitely dilated of back-
ends, of the lapses, of Yasujiro Ozu's transcendent cinema, of editing, of decon-
structed-assembly, taken apart and put back together, of spaces between the
branches where the empty space is an infegral part of the form: digital matter
becomes physical image.

The Datami Book

The Datami Book gathers experiments that share artistic as well as scientific as-
pects geared towards Investigation, and the display applaid in the book is an
endbook to SciArt.

Following curatorial indications, though, the Datami book reveals the en-
coding of a European institution with its cognitive networks and social relations.
Even more, it discloses the connection between landscape, laboratory and
SciArt results, in a condition of dissemination and non-permanency. One could
define it as a book of fleeting forces, where the design of the book establishes
a correlation between the passage of the Datami landscapes on the JRC site
as an museum of research, an active archive that blends production, exhibition
and work, and so finds, within the book, room for a layered organisation, using
inserts: a post-human filing cabinet.

Notes
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3. Peter Eisenman, “Architecture After the Age of Printing (1992]", in The Digital Turn in
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Y18, Y 48 Nature of Knowledge - The Uncertain Structure
Y 24 Silicon Synapse
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Y 100 The Tannhduser Gate
Y 100 DataWe
Y 100 Resonances Space - Interactive Big Data Sculpture

Y datami disseminated
on the Joint Research Campus

Datami Occupancy SciArt Opera: map of Datami Festival & Exhibition in the JRC Site Ispra, graphic design
by Cristina Fiordimela.

The graphic design of map takes inspiration from the research ‘Monitoraggio della popolazione di Rana
Latastei all'interno del JRC Ispra Site” (Monitoring of Rana Latastei life in JRC Ispra Site), report of Silvia Macchi
and Stefano Scali, Green Areas Management, May 2018.

The symbol Y of the occupancy model, is based on data of likelihood, from the research of Rana Latastei and
adopted in the Map to indicate the diffused occupancy of Datami-unfurling in the JRC site. The Rana Latastei
proceeding is adopted to design the Datami_residencies in practice as an open post-human porous - non
circumscribable - interstice of occupancy between landscape, inhabitants, buildings, infrastructures in the JRC.
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Adrican Eeckels

We chose six words to symbolise the Datami, six words that capture
different aspects — not necessarily of easy understanding. They are
and should be mysterious, intriguing, frustrating, contradictory,
fleeting, evanescent, in the end: quite ungraspable. They symbolise
road signals into a new world that is emerging but not really clear,
yet we feel it has already swept away the old one, a new world
where some expect anthropological changes, some dream of im-
mortality, some others fear an intelligence that will treat us like we
treat trees, new overlords that will prune us at their whims. Some
see a split world with the advent of new species, merely digital co-
habiting with the human, steel married to flesh or steel separating
flesh, a world where human becomes suddenly a complex prob-
lem, whether because we now know not so much that civilisation is
mortal, but that the demise of man is a distinct possibility emerging
at the horizon. We see reality shifting in an explosion of viewpoints,
we see many realities in a blossoming multiverse as close as | am
to you yes even closer, we cannot stick to one viewpoint only, we
cannot make it cohere. Boundaries are shifting in a multi-coloured
aquarelle of hybridisation, a kaleidoscope of possibilities unfolding
under our hands.

We treat these words like rallying flags, mere pointers to nowhere,
suggestions that should not close the horizon but help to open it up.
They classify without closing, they can be replaced by any other
concept, as long as the new concept captures this shifting world,
the shifting sands of change moving beneath our minds and senses,
this growing datasphere which we have to come to love and loath
in different measures. Like the Datami they arose from, they are
an invitation to keep the mind sharp, our understanding wide and
clean, indicating without closure, opening without end.

We then played a game of non-knowing, putting the works
info each non-category. Why should this work be an Agency and
the other a Maze? This one Inflation and that one a Twist? It is an
exercise in feeling, and as any feeling, words fail. It is because
words fail that we cling to them, and our clinging might be fleeting
as foam on a setting sun in the sea.

Resonances III Datami

Visual Identity

Keywords

Graphic design by Cristina Fiordimela
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The Environment Within
An epistemological reflection on the concept of the border
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I. Premise: on the difficulty of tearing down walls,
if walls are spectacles

The history of transdisciplinary relations between hard and soft sciences is richer
by its skirmishes than by its encounters. Developing a certain epistemological
sensibility became a necessity, to knead and soften what was always perceived
as a dichotomy. On the one hand, the hard sciences, by grace of a method sto-
len from some trans-Uranian, drill down progressively into reality uncovering its
“laws”, which are then ordered in an asymptotic succession that points directly
fowards a “theory of everything” — this purely mathematical “Eye of God” from
which everything can be derived; on the other, the soft sciences investigate, with
some cumbersome empiricism, the complexities of a multi-pronged subject that
is invisible fo the physical world. It should be evident that this refers to the classic
Cartesian theme of res cogitans/res extensa!, often contested but by now per-
vasive and insistent in the collective imagination as well as its natural corollary
of the "two cultures”?,

And yeft, the philosophies of the object and subject have a history of coming
fogether. They can be seen as poles of a continuous gradual range of attitudes
towards the world, rather than as opposites. These attempts are little known.
We could say they constitute a subterranean history except when one of them
is brought out at the occasion of some festival and, more generally, in all those
occasions wherein the media make false reconstructions of the contradictions
and contrapositions that are part and parcel of our personal and social lives. It
is difficult fo tear down walls when those are not made of good old bricks but of
cognitive lenses. On the scientific front, we have to call to mind, in this context,
atleast the systemic-cybernetic tradition, and especially Norbert Wiener, Ludwig
von Bertalanffy, Gregory Bateson, Heinz von Forster and, as a matter of fact, the
beautiful and mature results of the collaboration between Humberto Maturana
and Francisco Varela?®. It is arich and extremely complex branch of thought, but
fo our ends it is sufficient to observe that the “platonic” approach to the world is
substituted by a more realistic vision, much closer to scientific reality and situated
within a precise historical and social context (and thus noft less socially embodied
thanits representatives). It is also driven forward by a plurality of micro paradigms
that can adapt to knowledge objectives, and are fine-tuned to the concrete
problem that is being studied. The “physicality” fails as knowledge model for all
sciences, while the epistemological specificity of each single discipline is being
recognised. The issue of the subject isn't a scandal anymore, in stark opposition
to the material sciences, to which they have the same relation as the so-called
limit and boundary conditions of mathematics. The latter are necessary to resolve
an equation, to confer a “here and now” to a general structure of relations. In



the end, it is precisely the apparently innocent “here and now” that makes the
difference between hard and soft sciences; the former deal with those aspects
of reality that can easily be extracted from the “clump” of daily events —as C.E.
Gadda would say — and can be expressed in mathematical formula, invariable
in time and space. When the “here and now” cannot be abstracted, that is,
when the historical facets of a system enter into play, the soft sciences are better
equipped to describe the world. The renowned complex systems are systems in
which the condifions wherein an event occurs can even be more important than
the “laws” that govern the class to which the event belongs.

Moreover, let us not forget that in the majority of cases we are called not
only to describe the world and make predictions, but to understand and to
manage it. As Marcello Cini wisely observed, in ideal traposition disappears,
that between case and cause. The famous “scientific laws” are actually grids of
possibilities wherein a single event occurs (this is simply the etymological root of
the term case). Indeed, those disciplines studying complex systems, from biology
to psychology, confer a special importance to the occurrence of a single event.
There are no general laws to be found on evolution or on conscience because
of the simple fact that these represent histories, processes, not simply immutable
configurations of events.

Literature, from its part, as prime representative of the subject, has more
than once reached out to science, to underscore the substantial convergence
between subject, observer and inventor of theories and stories. Here too, the
list can become long: the natural philosophy underlying the two masterworks
of Stefano D'Arrigo Horcynus Orca and Cima delle nobildonne (Peak of Noble-
women), Ratner’s Star by Delillo, Smilla from Peter Hoegh, the many posthumous
Majoranas remade by the various Ettorologists, the recent Solar by lan McEwan...
And then again Leonardo Sciascia, Italo Calvino... we leave a more detailed
exploration to future investigators of the virfuous relations between science and
literature?*, and we limit ourselves to a single quote from Atlante Occidentale by
Daniele Del Giudice. Together with Delillo, Del Giudice has shown how literature
demands a rigour that is not foo far away from scientific rigour, with its need to
bring structure in a series of precise choices of themes, registers, and internal har-
monies. The writer tells the physicist: *“When you are looking, do you still manage
fo see the things, you who are working on the absolute disappearance of things!
(...) Doesn't he see that the things that are coming into being, that will be, are
pure energy, pure light, pure imagination2”. The answer could come from David
Bohm, and goes fo the heart of the question: “A change of meaning is a change
of being (...). There is no fixed or definitive meaning. The question of meaning is
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entirely determined by the fact that meaning is immersed in a context, which
onifs turn is immersed in a context, so there is no final meaning. It is a process of
unveiling that in itself is a part of reality. (...) Meaning gives form to all things™.
A description of the world, whether it takes form from concepts determined by
complex equations or by the choices of writing, is always a series of choices within
a certain vision of the world.

II. The Environmental Issue: “Out there, beyond me”

This long epistemological premise is necessary fo grasp, in its entirety, the tre-
mendous problem of the environment. In the systems approach, we separate
the system from its surroundings by means of an ideal line. This is the starfing
point of any science, and, by extension, any narration. The hard sciences (but
by now we know that this term indicates a procedural choice, which is a virtue
in the original sense of attitude and quality) select and specify a series of rela-
fionships between environment and system, governed by a few parameters. This
is not possible in cases of greater complexity, which then are the overwhelming
majority of that which surrounds us. Or more precisely, this line is not continuous
and closed, but it is a variable border of openings, a fractal that remodels itself
continuously through a game of interrelationships where the border itself has
faded. In the end, we recognise as a deed of hubris that theoretical gesture of
drawing a border between in- and outside, between a system and its environ-
ment, between character and story.

So it is possible fo review all that we have premised as to border and ifs
dissolving in a direct and simple, yet extremely thin, manner. The range of
disciplines and knowledges goes from physics — mathematics, that has a clear
vision of the border or atf least, one that is always definable; it then passes the
many degrees of widening logic when coming to life sciences and cognitive
sciences, to economics and sociology, and at certain moment this border,
that regulates the passage of information, even becomes sensible and porous
to different meanings It is finally remodelled by these meanings, and in the
end, disappears when arriving at the *humanities”, where it is the meanings
themselves that fix time by time the needed borders, and that organise the
narrative planes. In this manner, we find back the polarity between the two
cultures, but we resolve their disputes, because what is at play are not two
alternative visions expressed by necessarily opposed languages that exclude
the one from the other, but two legitimate choices of resolution of the border;
the physicality claims borders capable of resolving the relations between
system and environment in such a way that it can, in the end, enumerate a
series of information bits on classes of possible events; art and literature, at



the opposite side of the range, resolve the issue of the border dissolving it in the
irreducibility of the event and its meaning.

The relations between an environment that is objectively “already there”,
governed by the laws of the material world, and a subject-system irreducible
fo these laws, now offers a different perspective of resolution. It is a matter of
elaborating a new visio on the border, close to a “theory” but this fime “not of
everything” — it is rather a unifying theory of observer and observed, capable
of giving expression to the plural vision of the border where we find ourselves.
From the scientific point of view, there are already strong suggestions in that di-
rection, like the structural coupling of Maturana-Varela, or the theory of logical
opening’. On the literary front, the most extreme example can be found in the
Trilogy by Beckett, where not only space and time but also the identity itself of
the voice overlap up to the epilogue: “Maybe they brought me to the threshold
of my story, in front of the door that opens to my story, that would surprise me, if it
opens, it will be me, it will be silence, where | am, | don’t know, | will never know,
in silence one doesn't know, we need to go on and | will go on”. It is interesting
that Aldo Tagliaferriin his preface makes areference to the "quantistic”character
of Beckett’s writing. Indeed, a theoretical suggestion fo investigate this subject
comes directly from the “hardest” science, quantum physics. It is the theory of the
Quantum Brain developed since the sixties by scholars like L.M. Ricciardi and H.
Umezawa, developed more recently by Giuseppe Vitiello and his collaborators?.

III. Dissipative Quantum Brain: intertwined with the world

In the historical 1967 article Brain and physics of many-body problems?, Ricciardi
and Umezawa propose a revolutionary quantum model of brain activity, developed
in analogy with the field of Condensed Matter Physics. The genial keystone of this
work is bypassing any na.ve isomorphism between neuronal structure and the
model. Here indeed, “quantum’” must not be understood as “something strange
in the head” (which is more or less the common acceptation since the famous
book of Roger Penrose'?), but a formalism capable of describing very complex
collective behaviour. The objective of Umezawa and Ricciardi was that of provid-
ing a model of memory as a global dynamic activity, in a decisive alternative to
the digitisation of the mind starting in that period and just before the impetuous
developments in informatics. It is enough to know that external stimuli trigger,
within the Quantum Brain, a configuration of quantum modes that correspond
fo the cognitive functions codified within these modes. The model explains in a
simple and direct way some essential characteristics of mental activity, like the
selective and sequential recall of memories. On the other hand, the model is
intended fo be a so-called “toy-model”, a theoretical game, a seminal scheme
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of possible lines of future research. Indeed, the hypothesis of a closed system,
confined in afinite volume, offers only the possibility of overwriting memories, but
not of describing their progressive decay and their superimposition.

So, it becomes necessary to take one further step and infroduce opening
and dissipation. In the new model, the complex game of processes linked to the
exchange of energy and information between system and environment replaces
the image of a closed mind that exchanges information with the environment,
with that of a mind that lives as part of a unique process of phase fransitions and
emerging levels. Infroducing dissipation implies, in fact, to consider mind and
environment as a single system, taking out the brain from its vase (H. Putham). In
this way, we can give a precise meaning fo the expression of embodied mind,
adopting a model at high level of logical opening, consisting of breaches of
symmetry, bifurcations, and emergencies. It is the mathematical structure itself of
the theory that allows for the coexistence of infinite coherent and non-destructive
states. New information does not destroy old information, but remodels it and
disorganises it partially as one would expect in a dissipative system. Without dissi-
pation, there is no place for new thoughts. In this way we obtain a natural arrow
of time that is compatible with the historicity of cognitive systems.

This formalism has an appealing aspect that is useful to point out here,
without going into detail. In the theory, a key role is faken by two sets of modes
that we will denote as Ak and Ak, with k grades of freedom of the field. These
tfwo structures are deeply connected;. in parficular can be considered as
the fime-reversed image of mode A, being the inextricable reflex of the envi-
ronment on A’s structure. Vitiello has called it the double of A, or its stand-in;
he has suggested that it can play a significant role in explaining conscious
processes as a special property of aufo-interaction of the system with itself
through the world". It is possible to say, in agreement with Maturana and
Varela, that mental activity is a confinuous production of the world that takes
its origin from the irreversible and dissipative nature of our intferactions with
the environment. It is also important fo draw attention to the circularity of the
process: the produced world must first have been infrojected and elaborated
within the cognitive schemes of the observer-agent. In other words, the en-
vironment is not anymore something that is “out there”, but it is a product of
cognition, first subjective, and then collective.This also puts some strong limits
to a mere computational vision of the mind and language'?. As often happens
when scientific research is “solid”, ifs tiles demonstrate that they can easily
fit in with those of other origins. We do not only refer to the work of Vitiello in
the last years with neurophysiologist Walter Freeman (1927-2016), but also o



the semantic appropriation that already begins with the perceptive fact as
demonstrated by cyberneticist Peter Cariani'®.

IV. Ecology and, in the end, Aesthetics

The profound modifications of the archipelago of scientific knowledges implicit in
a complex concept of the notions of system and environment have many conse-
quences — also in territories that are apparently far away from research practices,
proof that the cultural texture of out which any specific production emerges is one
and the same. In a beautiful arficle of some years ago, Hans Jonas asked if “God
is a mathematician2™“, Contrary to modern trends inspired until today by the most
coarse divulgation, he answered decidedly “No”. He anticipated the embodied
contextualism of life with respect to the “universal” abstractions of physics and math-
ematics, denouncing the epistemological damage provoked by a strict separation
between material “objectivity out there” and subjectivity. Whatever the case, we
cannot see through the “Eye of God” and we are —fo use a happy phrase from Nel-
son Goodman - "producers of worlds"". Mixing the quantum terminology of Bohm
with the images of Gadda, itis possible to affirm that out of the “gnommero”, that is
the mishmash, of the inextricable coupling of mind and world arises the production
of a multiplicity of things, one for each observer. The environment is not anymore
a thing “out there”, to explore with the spirit of a positivistic coloniser, but the exact
mirror of our conception of the world. By this, we do not mean any form of “relativ-
ism”, the material world does not in any way lose ifs substance, its capacity to resist
our theories and narratives — and to feel this resistance is not more than a virtuous
sign of good science, as well as of good art and good literature. We simply want to
acknowledge that we tend to adapt the world to our representations, not only on
a theoretical level but also and foremost in a technological and economic sense.
The image of the jungle of Salgari'’é, the gardens of Versailles not less than domestic
or circus animals are expressions of a concept of “nature” that iinseparable from
the economic projections of the observer-agent. Any discourse on sustainability,
ecology, speciesism must have, as epistemological postulate, that the “taking care
of the world”invoked by Elena Pulcini's beautiful article’ begins with displacing
the axis and direction of the border —undoing from within the complicity between
narcissistic individualism and the self-satisfying communitarianism that, together,
produce unhealthy visions of the world.

In the end, as in the beginning, it is always a question of beauty. Which
might save the world, on condition that we know what we are talking about.
Not the beauty of a Like on Facebook, not that of a passive approval of art or
of historicised science, "spoken” and judged even before it has been lived and
understood. True beauty, in each field, is realising how, in a given historical and
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cultural moment — if our eye is sharp and our understanding wide and clean —
that possible moves are never infinite as it might seem o the eye of an amateur,
but that the efficient ones are in reality very few. And amongst these, those that
can be realised are even less. If one adopfts this criterion of beauty, a lot of the
detritus and ghosts that wander through the mainstream meshes of our fime are
compacted and acquire the consistency of an unexpressed request, which in
final analysis concerns the sustainability of our own sensitivity. Before wondering if
"out there" —beyond the border that separates humankind from the environment
that he has produced —itis possible to construct a different harmony, one has to
ask oneself if we are simply capable of truly desiring this harmony.
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Embodied in data, Neuromancer, inhabitant of the digital, data
boiling over into reality, reality seeping into the digital, borders
falling away, uncertainty and uncertainties, a horror vacui married
to the fear of the unknown, the future, heating atmospheres while we
think of our next meal, forecast and computing power, computing
and raw power, satellites thick with images, images streaming to
the earth, can databodied be embodied?

The installations in this section talk of life spilling over into
new formats, the dream, not the nightmare of the cyborg or the
Al, a world where we might live in silicon or in machines, not as
a punishment but as a new human adventure. Even as we talk of
beneficial Al, shouldn't we put the question if Als and drones get
human rights? Are we before the most portentous expansion of the
idea of human, while we still cannot give rights to the ocean, to na-
ture, to Gaia the Parliament of Being? How human are we then, still
striving to become human - hominescencing - in our adolescence,
like adolescents merely on the threshold of meaning what it is to
be human? More than everything, the term databodied is a matter
of uncertainty, a case of not knowing, a question, a finger pointing
to the moon: how beautiful can these databodied experiments be?

The Tannhauser Gate

Weather Prediction
By Numerical Process-
a Forecast for Europe

B-Scope, C-Index

Nature of Knowledge -
The Uncertain Structure
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Foreword by the Scientists
Valentina Paracchini, July 2019

When | listened to Giorgio and his music for the first
time, | thought: “He is crazy... | like him! If something
can come out of the interaction between art and
science it has to pass by him."

And so it was. The radioactive guy lent his musical
ear to molecular biology and produced a unique crea-
tion. With a fluidity typical of a song and a speed of
thought equal to that of radiation, he dragged me into
his wonderful idea, and | welcomed his invitation to
transformation with open arms. The project was de-
fined over a very short time period. With a constant
collaboration between all of us, powered by the pas-
sion that Giorgio transmits in his work, involving us
to the point that we could not do without it. Driven
by his enthusiasm and desire for knowledge, | ex-
changed the data of Giorgio's genome with graph-
ics dense with codes and formulas that have stimu-
lated my curiosity. | would have never thought that the
work of a scientist could become art, and now that
I've experienced it on the level of conception, | can't
wait to see the work arising in its magnificence. Gior-
gio has given a new and completely different mean-
ing to my everyday work, the study of DNA. He has
transformed it into music and colours, so that every-
one can perceive it.

Paolo Peerani, July 2019

It's not the first time for me, but dealing with artists
and trying to match Art and Science is always a new
experience. Probably the main difference between Art
and Science is that Science requires reproducibili-
ty to confirm the hypothesis, striving for predictable
results. Art aims to surprise people, create new and
fresh emotions, and follow unprecedented routes of
eternal change. However, | would like to focus more
on the many similarities between Art and Science, and
| call as a witness the poet John Keats. In his Ode on
a Grecia Urn he concludes by saying:

Giorgio Sancristoforo,
Autoradiography Eulb52, Bal33, Cs137,Sr90 Fujifilm
Square, 2019

Beauty is truth, truth beauty,
that is all ye know on earth,
and all ye need to know.

Beauty and Truth: the attributes of Art and Science.
Indeed what is Art, if not the Science of Beauty? And
what is Science, if not the Art of Knowledge (and there-
fore of Truth)? This is what we get when Art meets
Science, and this is what | hope everybody will see
looking at The Tannh&user Gate: Beauty and Truth.

Mauro Petrillo, July 2019

When | met Giorgio for the first time and discussed
with him about the potential relationship between Mu-
sic and DNA, | had the impression that he was not so
interested. Then, the day after, he came back to me
and Valentina saying, “Guys, | want to work with you,
[ have everything in my mind!” | was really astonished.
What happened? | think what happened is that some
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Study materials: Fiestaware pottery piece, Uranium,
Thorium gas mantle, Photos Giorgio Sancristoforo

of his genes slowly switched on and a cascade of re-
flections flooded his mind, which all together gave
shape to a visionary and marvellous idea.

Jokes aside, | feel lucky that Giorgio resonated with
me as a scientist. Thanks to this experience, | now
look at DNA with different eyes: | was already aware
that DNA is not just a “long string made by only four
letters” or a “series of nitrogen-containing bases or-
ganised as double helix”. | already knew that DNA is
a pattern, the pattern of life. Now, thanks to Giorgio,
| have learned that other patterns exist, which are
equally significant and universal, like those of music
or light. Thanks to Giorgio, | can now perceive DNA
as the universal pattern of life to be listened to, rath-
er than to be read. In a few words, thanks to Giorgio
| learned how to feel the universality of DNA, which
is my passion. If a man can feel his passion, then he
is a lucky man.

Thank you Giorgio for making me feel my passion —
now it seems that | was blind before meeting you.
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I've seen things you people wouldn't believe.

Attack ships on fire off the shoulder of Orion.
| watched C-beams glitter in the dark

near the Tannhéduser Gate. All those moments
will be lost in time, like tears in rain.

Roy Batty, Los Angeles, 2019

As you will walk through The Tannhduser Gate you
will change something of me.

You will transform me.

| invite you to do so.

This Gate contains my DNA, the coding regions of
my genome.

The Gate uses this data as a programming language
for sounds and lights, using quaternary mathematics.

Valentina Paracchini

while starting the DNA
extraction protocol

Photo Giorgio Sancristoforo

Pictures on the next page:

Agarose gel,
Scintillator

ESSOR lab
JRC Ispra site

Giorgio Sancristoforo

I've called it the “phonosomic” code.

Can you hear me?

| am coded and encoded.
| am flash and spirit,

and now, digital code too.

At the bottom of these pillars there is a microscopic
quantity of a sealed radioactive material (Sr-90) shield-
ed with a metal screen. When you will walk through
the gate, the screens will rise and rays will hit a Gei-
ger counter, creating a direct interaction with my dig-
itised genetic code.

After some time, radiations will mutate my DNA. It
will change my proteins, my enzymes, forming dif-
ferent chains of amino acids, caused by transitions
and transversions, deletion and frame shifting of the
nucleotides. Different codes will give birth to new
sounds, new patterns of lights.

with Plutonium 239 source,

Photos Valentina Paracchini,
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As you will walk through this Gate, you will change
something of me.
And maybe your mind will change too.

This is an invitation to transformation.
navta pel

As | walked along the footpaths that lead to the genom-
ics laboratories, | watched the nuclear power plant on
my right, rising majestically among the trees, just above
the hill. The high cooling tower had not released steam
for many years, the reactor was offline, slumbering in a
perennial sleep. The water had been removed, and the
nuclear fuel safely stored some hundred meters away
from me in a place that perhaps | will never be able to
visit. However, | did enter the reactor’s building once.
Paolo Peerani welcomed me with his distinguishing
smile and kindness. There are few opportunities in one’s
life to see a nuclear reactor up close. Each of us has
memorable moments. For me, that moment was one of

them.l had passed the security checks with my heart
beating faster and faster, one meter after another as
| approached the large white building that, for years,
| had observed from the other side of the lake. On
long summer afternoons, leaning with my feet in the
water and listening to the boats passing like swarms
of aquatic insects, | had wondered dozens of times
what the inside of that colossus must have been like,
and now | was about to actually enter it.

In the beginning, | was a little disappointed because |
had expected to have to wear a protective suit, gloves
and a mask in order to enter the reactor room, just
like in the movies, which turned out to be a sign of my
ignorance.

They gave me a white coat and we entered through a
watertight door like the ones in submarines.

| had seen the ESSOR reactor in the JRC documen-
taries on the web, filmed while it was still in operation
and when men from another era were studying neu-
trons in that room. | had imagined a great space, but
my imagination was not fervent enough. Upon enter-



ing, | noticed that the circular room was immense, like
a giant technological pantheon. | could almost hear
in my head all the echoing voices of the men that had
worked in this mysterious place. Engineers and phys-
icists, brave scientists, of an intelligence and profes-
sionalism that | secretly envy and admire.

The reactor was buried under a large and heavy glass
cover, in the centre of the room'’s floor. As | approached
it, | struggled to hide my amazement. The core still
looked new, as if it had just been built. The metal
seemed not to have suffered the ravages of time, yet
Paolo told me that much of that metal was transmut-
ed into cobalt 60. Activation, as they call it, happens
wherever there are neutron fluxes or proton beams.
The material that nuclear reactors and accelerators are
made off is transformed over time into other elements.
We took a tour of the great circular hall to get a look
at what were once the laboratories dedicated to ex-
periments. It was a little sad to see those labs emp-
ty and decommissioned. A modern digital Geiger
counter on a wall caught my eye. It was marking 18
nSv/h (nano Sievert per hour). | was surprised. | ex-
pected to find some radioactivity; instead the value
was just a banana' higher that the radiation that |
could measure at my home. Flying at 35,000 feet
for an hour on a normal flight to Rome would give
me a dose of radiation 22 times higher than what |
was taking in the centre of a decommissioned nu-
clear reactor room.

Walking along the grassy paths next to the Nuclear
Security buildings, | listened to the sound of crisp
leaves under my feet. The birds peeped out on the
trees with lively songs, the air was fresh and smelled
of the countryside. In moments as this, | realised that
here, nature had found a balance with science.

| was early, smoking my electronic cigarette trying to
pass the time. | had looked at my big folder full of pa-
pers and projects of my installation and wondered if
people would ever really understand what | was try-
ing to communicate with this artwork. When one talks
about radioactivity and genetic mutations, people

have only one thing in mind: the horrors of Hiroshima
or Chernobyl. But my ambition is to use mutation as
a metaphor of change, and radioactivity as a trans-
forming agent. Politics and environmentalism have
nothing to do with this work. | am not against nuclear
energy, but | am certainly against nuclear weapons.
This is not important now. The Tannhduser Gate is a
rite of passage, an invitation to a transformation and
nothing else...

Sitting in front of the genomics laboratory, | looked at
my files and artworks; | had some polaroids: autoradio-
graphs | made with radioactive elements. There were
also all the layouts and plans for the construction of
the installation, and several graphs of the analysis of
the gamma spectra | had made on my own of the ra-
dioactive elements that | collected over time. Radio-
active materials are fascinating to me and | tried, as
far as | could, to study them.

Every time | met Paolo at the JRC, we immersed our-
selves in long discussions about how nuclear ener-
gy and radioactivity work. | asked a thousand ques-
tions and he was never tired of answering. When |
discovered beauty in the equations of nuclear reac-
tions, for a moment, | felt like | regretted having be-
come an artist and not a scientist.
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The alchemists of the Renaissance dreamt of the
transmutation of the elements; radioactivity, whether
natural or artificial, is the realisation of that idea. But
just as the gold of the alchemists was actually phil-
osophical gold, radioactivity for me has a symbolic
meaning, which goes beyond its scientific explana-
tion. It is the materialisation of change, of becoming.
Change is life.

Heraclitus said that “Everything moves and nothing
stands still". When everything in the universe will stand
still and no energy will be ever more irradiated, then
the thermal death will decree the end of times and
the universe that we know will end in a darkness so
deep that we cannot even imagine.

My fake cigarette was over, | closed my folder full of
hopes and decided to enter the laboratory.

Valentina Paracchini greeted me with a smile. At our
first meeting, her colleague, Mauro Petrillo, was also
present. | had decided to work with them to explore

Pictures on the previous page:
Radium filled cold cathode tube
Photo Giorgio Sancristoforo

Study materials:

Petchblende specimen,
Thorianite specimen

Photos Giorgio Sancristoforo

my DNA. In the beginning, Mauro proposed me to use
the DNA of a vegetable, in case | had any fear that
my privacy would be violated in some way. | smiled
and said that there was no sense in taking DNA from
a vegetable. An artist has to “sacrifice” himself a lit-
tle, and | was happy and eager to know the secrets
of my biology, the codes | had inherited from my par-
ents, for better or worse.

| wanted to put myself in the artwork, and if science
would ever need my DNA, I'm okay with that. That
morning, | had brought two samples of my saliva with
me, in two small test tubes. Valentina had given me
the tubes a few days before, and now we had to do
nothing but extract my DNA. We put on white coats
and Valentina took me in the first lab. | was closely
watching her work. Various chemical solutions must be
used to extract the DNA. All this reminded me some-
how of myself when | used to develop films in my dark
room. Liquid, bath, liquid, bath... a little shake here
and there. The disarming difference was the quanti-
ties: micro litres.

Extracting the DNA is a work of extreme patience
and precision, with Lilliputian quantities of liquids.
Valentina tried to get me to use the pipette, but my
hand was shaking. | was afraid of ruining everything. |



was watching her as she performed dozens of opera-
tions that required impressive precision with extreme
skill. It was like watching a virtuoso play a musical in-
strument. We walked through the corridors from one
laboratory to another, and once again | was asking
endless questions. | wanted to see every tool, every
step, every protocol, trying to understand to the best
of my ability what | was observing.

Millions of people today can get DNA analysis done,
but how many can attend the process?

| asked Valentina to write a report by hand with a pen,
as they used to do once, before computers became
typewriters. This amused her. | wanted everything to
be included in the artwork materials. When we final-
ly put the agarose gel with the samples of my DNA
under the UV light, we checked the quality of the ex-
traction. She was very satisfied and | had a big smile
on my face.

What did | want from my DNA? What part of it? There
were many questions, and | had asked Mauro to rec-
ommend a book on Genomics to me. This was added
to the radio-protection and nuclear physics books | al-
ready had on my desk, which | was reading and stud-
ying avidly every night. It was an opportunity for me
to become passionately interested in biology. DNA
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is fascinating in many aspects and genomics opened
up a new world for me.

Arthur Lesk wrote that DNA is like a music score. The
musicians follow the score, interpreting it. Yet, as | am
a musician myself, this metaphor did not satisfy me
entirely.

Our DNA does not define us completely. Our histo-
ry, our experiences, the environment in which we live
in, and the epigenetic factors, all contribute in a fun-
damental way.

One day in the laboratories of the JRC, | looked at
Mauro, who is a biologist expert in bioinformatics and
[ told him: “The DNA is an operating system”.

He smiled and nodded, “Exactly!”

There is something extremely bewildering in this. I'm
obviously not talking about intelligent design, but about
evolution.

First of all, computers and all digital devices have er-
ror correction codes. Errors are inevitable in a trans-
mission, we cannot avoid them, but we can fix them.
For example, a hard disk has an error-finding system
called Cyclic Redundancy Code. The DNA has sever-
al error correction methods. The double helix with the
two strands is already in itself an error correction sys-
tem. Then in the DNA replication there are enzymes that
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control and correct the code. If this is not enough, we
must reflect for a second on the words “genetic code”.
Human DNA is composed of about 3 billion nucleobas-
es. Of this very long molecule, only 1.3% encode pro-
teins and enzymes. This part of the human genome
is precisely what we call the genetic code. The code
is composed of a sequence of blocks of three bases
called codons or triplets.

As in software, the first codon is a start header, then a
variable number of codons follow, and finally the code
always ends with one of three possible stop codons.
In other words, the genetic code behaves in a way
very similar to machine language instructions. Natu-
rally, humans invented machine language long before
the discovery of genetic code. This suggested to me
once again, that nature steers evolution by choosing
the most efficient of solutions. Humans, in creating

The Tannhéduser Gate,
Resonances III Datami
Giorgio Sancristoforo,
construction plans, 2019

computers, have done nothing but the same: choos-
ing the most efficient method.

There is only one big difference between nature and
men: “Nature never wastes anything, not even its er-
rors.” as Mauro told me once, with a touch of Nea-
politan philosophy that reminded me of Luciano De
Crescenzo.

When | understood the basics of the genome with
its introns, exons and the mitochondrial DNA, it was
clear to me that the DNA | wanted to get sequenced
from my saliva was the coding DNA. Codes are fas-
cinating. We live immersed in codes. Our language,
our music and even our art.

| write code almost every day.

The fact that even | am myself composed of codes
makes me feel at ease.

The atomic era and modern research efforts on can-

NUCLEAR
SECURITY
UNIT



cer have generated in the public opinion, the percep-
tion that genetic mutation is always necessarily bad.
Undoubtedly, many mutations are of a negative nature.
Nevertheless, it must be considered that if it were not
for genetic mutations, we would still be small fish in
the ocean, and not human beings.

The entire evolution of the species is based on the
chances of a mutation in the genetic code. These
mutations have multiple origins. Environmental fac-
tors and chemical substances of various kinds can
modify DNA (in the era in which we live, tobacco
and alcohol are among the most common muta-
gens), some viruses can transfer their DNA into an
organism and finally, ionising radiations can alter
the genetic code.

These are induced mutations. Other mutations are spon-
taneous: sometimes proteins can explore new combi-
nations of amino acids, sometimes the DNA changes
due to a simple replication error.

One day in the remote past of the Earth, a giraffe was
born with the neck longer than the others. This gifted
giraffe found more food on the highest peaks of the
trees, then it mated and other giraffes with long necks
were born. After many generations, giraffes with long
necks had the upper hand over the others, showing
that not all mutations come to harm.

| left the lab after a whole afternoon dedicated to ex-
tracting my DNA. In the following weeks, Valentina
would sequence the DNA, and then, Mauro would an-

alyse and assemble the data with the supercomputers
at the JRC Data Centre.

A sunny day of March, | arrived at the JRC security check
with my professional Geiger counter. In my life, | have owned
dozens and dozens of musical instruments, but no instru-
ment has ever given me the satisfaction | feel when | use
this measuring instrument.

Antonio Migneco from Nuclear Security had promised me
avisit to the laboratory where they test, repair and calibrate
the Geiger counters and radiation detection portals. Pao-
lo was there waiting for me.

A large poster with the isotopes’ chart hung on a wall
over a desk with many monitors and in the centre of
the lab, there was a large table filled with measuring
and repairing instruments.
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Pictures on the previous page:

DNA-sequencing-chip
Photo Giorgio Sancristoforo

The Tannh&user Gate
Resonances III Datami
Installation view, [detail)
Photo Andrea Cerrato

Study radioactive materials.

Common objects: camera lens, smoke
detector ion chamber, keychain tritium
vials, uranium glass.

Artificial sources: Barium-133,
Cobalt-60, Caesium-137, Europium-152,
Strontium-90.

Photos Giorgio Sancristoforo



| proudly showed my Geiger counter, costing more
than a Minimoog?.

“Let's do some measurements”, proposed Antonio. |
nodded, smiling.

Antonio took some items from clear plastic bags: watch-
es, cold cathode tubes, a thorium gas mantle, some
welding rods. | took measurements with my Geiger
counter and compared the values with the same ra-
dioactive objects in my collection.“This is the tourists’
set”, | said laughing. Antonio and Paolo laughed too.
“Okay then, let’s look at something more special. Do
you have any requests?” Antonio said.

They could not have asked me a more welcome ques-
tion. Without hesitation | said “Plutonium!”. Without
raising an eyebrow, Antonio took a test disk similar to
the ones | own for gamma spectroscopy from a metal
safe at the end of the room. The black disk had a tiny
centre of greyish metal, very similar to lead.

Few people in the world can see plutonium with their
eyes. My excitement was comparable to the first time
| went to hear Stravinsky's Rite of Spring. He put the
little disk under a scintillator with its crystal covered
with a thin sheet of mylar and then turned on an oscil-
loscope. We compared the reading with a disk of cae-
sium 137 like the ones | use for my autoradiographs.
The plutonium peak was much stronger.

The explanation was simple: while caesium emits beta
rays (electrons) and gamma rays (photons), plutonium
decays with alpha particles (helium nuclei). The kinet-
ic energy of the alpha particle is much higher.

With Paolo, we decided to use Strontium 90 for the
installation. Beta rays are easier to handle, we can
block them with aluminium. People will therefore not
be irradiated by my artwork!

Then, | looked at the big detectors for contamination.
They were so sensitive that they could detect the ra-
diation emitted by a simple tuff brick. A large neu-
tron detector was also resting on the table. Paolo ex-
plained to me how they work.

“If | ever build a small Fusor® one day, I'll need one
of these”, | said. Antonio looked at me with amaze-
ment and an incredulous smile. “What do you want
to do with a small fusion reactor?” Antonio asked. |

Neutron detector, ESSOR Lab
JRC Ispra site
Photo Giorgio Sancristoforo

hesitated a moment, because | was afraid of looking
too frivolous or crazy. “I would like to make people
listen to the sound of a small artificial star”. Antonio
and Paolo smiled once again. “The only big problem
is finding deuterium gas”, | added. It's not something
you can buy on Amazon”. Paolo nodded. But it didn't
take me long, in the following weeks, to realise that
maybe | could get some deuterium from heavy water
with electrolysis. That is not difficult to find, | thought.
Certainly, it's not a joke: turbo-molecular pumps and
voltages can kill a man in the blink of an eye. | left the
workshop completely happy and put aside for a while
my dream of an installation on the song of a small star.
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Now | had to concentrate on The Tannh&duser Gate.

Back home from the JRC, one day | received an email
from Mauro. After three days of painstaking calcula-
tions at the Data Centre, my DNA was finally assem-
bled and the CDS (coding regions) of all my chromo-
somes were extracted. Mauro put all the data in long
text files in a zip archive. Every CDS was diligently
filed under their respective chromosome. | was ec-
static. Mauro did a wonderful job, indulging in all my
requests.

It was strange for me to receive a sort of digital copy
of myself by mail.

The JRC ESSOR

Nuclear Reactor fuel rods
construction schematics
JRC Archive

Even stranger was the feeling | felt after backing up
the file in three different hard drives. For years | didn't
want children and now | had multiple copies of my-
self in my computers. Of course, | knew that those
were not really “copies” of myself, but that alienating
feeling remained for a while, until | got used to think-
ing that somehow, | was now digitised. | did it before
any corporation or government got there first. Who
knows what the future will be, and if DNA will play a
great part in security as well as in commerce.

My Big Data was in my own hands, | could start ex-
ploring myself in a whole new way. This, for the first
time, made me feel like a man of the 21st century. Af-
ter all, the Internet was born in the previous century. |
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The Tannhéuser Gate,
Resonances III Datami
Valentina Paracchini,

Notes of laboratory work, 2019

was chatting already in 1986 with a C64... The real
game changer of our era is the genetic code at hand.
Probably one day we will all be digitised, and the dif-
ference between the biological and the artificial will
become thinner and thinner in the next centuries, un-
til it will disappear.

Now that | had my code, | could transform it. After
all this was my goal, hacking myself.

Hacking my DNA. But what does “my DNA”" really
mean? The DNA of a human being is for the most
part the same for everyone. Only the ~0.1% of my
genome has differences with the genome of any oth-
er inhabitant of this planet. That ~0.1% are the poly-
morphisms that make us biologically “different” from
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each other. From eye colour to shape of lips, from
the predisposition to certain diseases to a dairy in-
tolerance. If my intention was to put my DNA in The
Tannhduser Gate, | had to find those polymorphisms.
Valentina had taught me how to use the BlastN
suite. Anyone studying genomics must use this
tool sooner or later. It allows the user to insert any
DNA sequence and to predict its similarity with
a “standard” DNA. Not only could | see if a given
sequence had variations, but | could, at least su-
perficially, understand which protein was encod-
ed by that piece of code, what function it had and
whether or not it was associated with some kind of
disease. Human DNA is like a continent, with de-
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serted areas and overpopulated zones full of ac-
tivity. Exploring it causes a vertigo that is nowhere
near comparable to any other session of surfing at
the computer. No Google Maps or star atlas can
be compared to a glance into the depths of our
“operating system”.

The weeks followed one after another while |
was programming the computer to make my DNA
sounds. The military Geiger counter on my desk
ticked nervously as | brought my thorum coated
Pentax lens closer to the probe. The LED displays
began to illuminate the room with beautiful colours.
I lit my fake cigarette and closed my eyes. The
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sound was changing and the colours with it. My
digitised DNA was starting to mutate. For a mo-
ment, | wondered what a horrible transformation
that mutation would bring about in the real world.
But then, | suddenly thought that perhaps, | had
just given myself the ability to perceive magnetic
fields or to smell the scent of a lavender field hun-
dreds of miles far away.

After all, art must dare.



Decommissioning of JRC's
Cyclotron equipment
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Technical and Scientific
Appendix

What | love about electronic music, is its intimate
connection with science. Pioneers such as Karl-
heinz Stockhausen and Herbert Eimert invented
sound synthesis using scientific instrumentation,
trigonometry, information theories, and the help
of the physicist Werner Meyer Eppler. My love for
electronic musical instruments was a romance that
vanished when | discovered computer music and
programming languages. With programming and
mathematics one can translate almost anything into
sound, create entire new worlds of sound. NASA
had demonstrated this many years ago with the data

on the electromagnetic fields of planets, collected
from Voyager probes.

The reason why | became interested in radioactivi-
ty for the first time has to do with random numbers.
Computers really are not able to generate true ran-
dom numbers.

These numbers in a computer are the product of a
formula: a very long string of pseudo-causal num-
bers that repeats itself after a long time. To generate
true random numbers, one needs a physical random
source. There are various methods for deriving such
numbers, and there are many good reasons in music
for using random numbers.

I've always been interested in electronic music that
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isn't deterministic, | like to be amazed by the machine,
by the robot that sings. Algorithmic music, after all, is
always composition, but at a different level. It is like
composing a seed that will develop by itself, each
time a little different.

Radioactive decay is a true stochastic phenomenon.
We cannot predict when an atom will decay, and at
the same time it is not a totally chaotic phenomenon,
it has patterns. And the patterns are interesting. At the
beginning of my radioactive experiences | simply used
the Geiger counters and weak radioactive sources to
produce irregular tempos. Randomly triggered sound
events.Then, over time, | became interested in more
sophisticated instruments capable of discriminating

the energies of radioactive decays: gamma spectro-
scopes. Each radioactive element has its own ener-
gy signature. It emits radiation at certain energy levels
that make it possible to recognise the isotope from the
energies themselves.So, one day | brought my gamma
spectroscopy to the JRC and in front of an audience of
scientists | made them hear the sounds derived from
the decay of Thorium 232 and Cesium 137.
| confess: | had cold sweats.

Phonosomes

At that time, | had already devised a way to create
sounds from the DNA. The idea came to my mind on
a July morning after I made the JRC summer school
on Big Data, which was the premise to my residence.



As often happens to me, | got up too early that morn-
ing, made a cup of coffee and turned on the comput-
er. The DNA is a very long molecule composed of
four nitrogenous bases: adenine, thymine, cytosine
and guanine repeated in different sequences more
than three billion times. We can therefore imagine
the genetic code as a series of sequences of four let-
ters: A C G T permuted in all possible combinations
in groups of three nucleobases that form amino ac-
ids, and then polypeptides chains. Sound is basical-
ly mathematics, and to transform DNA into sounds,
| had to find a way to get numbers instead of letters.

We give the letters an arbitrary numerical value (which
will be justified later). We assign to thymine the 0, to

— ! il e [ s [ s i
the cytosine 1, to the adenine 2 and to the guanine 3. ODO Sl il o o il s

Computers function with a code called binary, made of | 3 m“ % D = =

only Os and 1s. The DNA instead can b.e |mag|ne§ as — ' gpv G b
a quaternary code. Using the same logic as the bina- O‘“ . - o F l

ry code, we get a positional notation with a radix of 4.

For example, the ATG codon in quaternary mathemat- .

ics is the number 203. Remember, this is a position- -'
al notation, so the first digit on the left is multiplied

by 16, the second by 4 and the last by 1. The result
in decimal is 35 (32 + 0 + 3). The codons of the ge-

netic code are 64, that is all the permutations of a tri-
plet composed of four possible numbers.

Now the careful reader might ask me why use a qua-
ternary system when the combinations of possible
triplets are 64. Why not use the numbers from 0 to
63 directly? The answer is a question of efficiency.
It is linked to the fact that | intend to simulate the mu-
tation of the genetic code using radioactivity.

The CDS files of my genome that Mauro assembled
from the data sequenced by Valentina, are long strings
of letters like:
<AGCGCTTTCACCATTACGAGACTGAC...

If | used only 64 numbers, | would have to continual-
ly compare groups of three numbers to a database,
both in the first reading and during the mutation. And,
the mutation process would be overcomplicated. Us-
ing my quaternary code instead, | can make the dec-
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imal conversion only once, at the end, whether there
is, or not, a mutation.

How is the sound produced in the Gate?

Every column loads a CDS file and creates the sound
using blocks of 60 nucleobases plus the 60 of the
complementary strand. These 120 bases are organ-
ised in ten groups of four triplets. This has been done
to maintain a certain analogy with the mRNA, which
is used to synthesize the proteins. Nine groups of
four triplets generate a sound through a form of dig-
ital synthesis of sound called frequency modulation.
A sound mRNA we could say...

The first triplet in the group encodes the frequency
of the carrier oscillator, the second its amplitude, the
third the modulation index and the fourth the frequen-
cy of the modulating oscillator, according to this sim-
plified equation:

FM(t) = Acsin(wt + Apsin(wnt))

Where wct is defined by the first triplet of the group,
Ac by the second, Am by the third and wmt by the
fourth. (in the complementary strand, this order is
reversed). For the oscillators’ frequencies, | used a
known equation that translates a MIDI note in Hertz:

fm. _ 2(m—69)/12 « 440 H

Where fm is the frequency in Hertz and m is the MIDI
note with the reference tuning 69 = 440Hz. Because
we have 64 possible notes over a full MIDI range of
0-127 notes, an offset is added to transpose the fre-
quencies to the desired octave. For the amplitudes of
the amplifiers, a proportion was made by dividing the
numbers by 64 and thus obtaining values between 0
and 1 where 1 =0 dBFS and 0 =-96 dBFS. The tenth
group has an effect on the sound of all the generators
and decides the envelope and duration of the sound.
So in summary, each pillar generates nine independ-
ent synthesised sounds programmed from my DNA,
which is mutated by actual radiations.



Then what triggers sounds? The radiation itself. The
Geiger counter and the radioactive element not only
mutate the sequences of the genetic code, but also
act as “pick” of the instrument, stimulating the produc-
tion of sounds.

Mutations

In The Tannh&user Gate, we only consider the direct ef-
fects of radiation on DNA. We will not therefore consid-
er the indirect effects, i.e. the creation of free radicals
that can bring the cell to apoptosis or cell death. What
I'm interested in showing, is the induced mutations by
radiations.

For this installation, we have opted with Paolo to use two
Strontium 90 sources for security reasons. This isotope is
practically a pure Beta ray emitter, and the radiation can
be easily blocked by the aluminium structure of the pil-
lars. Therefore, everybody can rest assured that the pub-
lic will never be exposed to any form of ionising radiation.

Beta rays are electrons, which have a minuscule mass
compared to that of an alpha particle and a much lower
penetration into matter than gamma rays. When a beta
ray interacts directly with the DNA molecule, it tears away
the electrons from the atoms it encounters. Now DNA
has some weak points in its structure, in particular the
hydrogen bonds between the two strands, and more in
general in any covalent bond.

In our body, DNA is subject to continuous repairs. It is
estimated that due to environmental factors and meta-
bolic processes inside the cells, DNA damage occurs
at a rate of 10.000 to 1.000.000 molecular lesions per
cell per day. However, when the damages are too nu-
merous, then the probability of errors during the repair
or replication of the DNA rises dramatically, causing in-
duced mutations.

Basically, we can have four types of mutations in the ge-
netic code:

1) Transitions: interchange between two purines (A<-
>@) or two pyrimidines (T<>C).

The JRC Cyclotron (detail)
JRC Ispra site
Photo Giorgio Sancristoforo

2) Transversions: interchange between purines and
pyrimidines.

3) Deletions: one or more bases are deleted.

4) Insertions: one or more bases are added.

Transitions have a greater chance than transversions to
happen, so | had to create a probability table to handle
these mutations. This system is of course a reduction of
reality because many other effects should be taken into
account, such as “wobbles”.

Nevertheless, it is accurate enough to be a satisfying
simulation for an artwork.

1 Banana equivalent dose (BED] is an informal
measurement of ionizing radiation exposure, intended
as a general educational example to compare a dose of
radioactivity to the dose one is exposed to by eating
one average-sized banana. Bananas contain naturally
occurring radioactive isotopes, particularly potassium-
40 [K-40], one of several naturally-occurring

isotopes of potassium. One BED is often correlated to
0.1uSv

2 The Minimoog is the most famous musical synthesiser,
invented in the early 1970s by Dr. Robert Moog

3 A Farnsworth-Hirsch inertial electrostatic confine-
ment device, a common fusion reactor among amateurs.
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Weather Prediction by Numerical
Process - a Forecast for Europe

Lise Autogena & Joshua Portway
Project description

Weather Prediction by Numerical Process - a Fore-
cast for Europe is a performance in which the weather
is forecast through human labour, thus turning the act
of calculating the computation into a social action. It
is a tribute to the heroic effort of Lewis Fry Richard-
son, a pacifist Quaker who spent his time as a med-
ic during World War | calculating the first numerical
weather forecast by hand. Working before the days
of electronic computers, he had the utopian dream
that the nations of the world would come together to
create a vast “human computer”, a Forecast Factory
consisting of many thousands of “calculators” who
would work around the clock to calculate the weath-
er for the good of all humankind.

In a post-climate-change world in need of explana-
tory myths and rituals, Richardson’s epic calculation
deserves to be mythologised as one of the founding
moments of a new science and re-contextualised in
the context of today’s anxieties about climate change
and social fragmentation. For this performance instal-
lation, the artists translated Fry Richardson’s original
worksheets into a written formulae; a step-by-step
algorithm of physical instructions for performing a
weather forecast for Europe. The direct encounter
with the actual material of “big data” simultaneous-
ly emphasises the vertigo inducing scale of modern
data processing and temporarily creates a more hu-
man relationship to something usually experienced
as cold and inscrutable.

The performance installation is the first part of a
larger work to produce a large-scale participatory
performance of Lewis Fry Richardson’s original vi-
sion of a Forecast Factory.

Background

Weather Prediction by Numerical Process is a trib-
ute to a defining moment in the history of climate and
weather forecasting. Between 1916 and 1919 Lew-
is Fry Richardson produced the first modern weath-
er forecast. As a Quaker and pacifist, he worked as
a medic during the First World War while using any
spare time he could find to work on his idea to fore-
cast the weather mathematically.

His forecast was very primitive compared to today’s
calculations, although it required hundreds of thou-
sands of individual computations. Since electronic
computers didn't exist, he had to do every single cal-
culation by hand, methodically working day after day
on this massive task, while trying to survive the horror
of the trenches. Today’s weather and climate science
has been built upon this single feat of perseverance.

When Richardson returned from the war and veri-
fied his work, he realised that he had made a funda-
mental mistake, which meant that his calculations pro-
duced very unrealistic results. Nonetheless, he was

Lewis Fry Richardson,
Eskdalemuir observatory,
21 June 1913
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convinced that his technique was viable and that it
could be used to produce a realistic forecast, but he
also realised the monumental human effort that would
be required to achieve this task. A real-time global
weather forecast, in the days before electronic com-
puters, would have been a mammoth undertaking on
the scale of the moon landings or the Manhattan Pro-
ject - Richardson estimated it would require 64 000
“human computers” working around the clock. But in
his utopian vision, the tremendous benefits of such
a massive global collaboration would have made it
worthwhile.

The Performance

The development of Weather Prediction By Numeri-
cal Process involved the translation of Lewis Fry Rich-
ardson’s original worksheets into a written formulae, a
step-by-step algorithm to enable “human computers”
to perform the weather forecast by hand.

The performance of the weather forecast took place
at a work desk scattered with index cards, pens, and
rubber stamps. The rubber stamps are used to stamp
the cards with calculation forms that describe the pro-
cess of the calculations: A blank index card is rubber

The Forecast Factory,
image courtesy of
Bengtsson L.

Illustration from Richardson
L. F., Weather Prediction
by Numerical Process, Cam-
bridge University Press,
1922

stamped to create a form, then some of the fields on
the form are filled in using other rubber stamps, after
which numbers are copied into the form from other in-
dex cards. The (human) computer works through the
form step by step, performing the calculations spec-
ified. At the end of the calculation the card is pinned
to a grid on the wall - the specific location specified
by rubber stamped numbers on the card. Each card
takes approximately five minutes to complete.

Over time, the grid on the wall fills up with completed
calculations - once the grid is full, a new set of blank
index cards is used and a new grid (a new iteration of
the calculation) is started. The grids represent a map
of Europe, with each card in the grid containing the
atmospheric data (wind speed or pressure) for that
position on the map. Each grid represents the state
of the weather 45 minutes after the previous grid.

The performances of Weather Prediction by Nu-
merical Process - A Forecast for Europe took place
at the European Commission’s Joint Research Cen-
tre (October 2019), BOZAR in Brussels (Decem-
ber 2019) and GLUON in Belgium (February 2020).
The date chosen for the weather predictions was the
29th October 2019 (at that moment still expected to
be Brexit Day).
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Pressure calculation form from
Richardson’s accompanying book
Forms whereon to write the nu-
merical calculations described
in Richardson F. L., Weather
Prediction By Numerical Process,
Cambridge University Press,
1922, 14
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The Forecast Factory: A person-
al Reflection

Jutta Thielen-del Pozo

Why did | become a meteorologist? Why am | fascinat-
ed by weather? Perhaps because of these moments
when my grandfather would sit there and say “l can
feel the scars in the arm | broke 50 years ago. Heavy
rain is coming tomorrow”. And sure enough, it would
rain. Or he would say “Ah, we can hear the church
bells from this town. The weather is going to change.”
He was right, of course, every time. My grandfather
was a farmer and he needed to observe and know
these signs. He was very good at observing and es-
tablishing correlations. It fascinated me. | started to
take records of temperatures and rain, | wanted to
document those correlations and find patterns. But |
too often forgot, and without regularity — no pattern.
| started to admire people who have the energy, fas-
cination and stamina to do the same measurements
and observations over and over again, every day. It
was a relief to think that such observations could be
automated. It would make weather observation and
forecasting a lot less dependent on people like me -
and be a lot more reliable.

When | started studying meteorology, it all start-
ed to make sense and the physics behind explained
the correlations — hot air moving up, cold air down,
air mass moving from high pressure systems to low
pressure systems, mountains blocking the air flow.
The causalities behind the correlations explained why
the different clouds formed, why red skies at sunset
mean usually nice weather the next day. The weath-
er-climate system is not random but causal — and ex-
tremely complex, driven by uncountable processes at
the land-sea-atmosphere interfaces. Measuring the
state of the atmosphere, analysing what the actual
weather is and predicting what is going to happen is
a daunting and challenging task — one that cannot be
done anymore with a pencil and a piece of paper. The
amount of data that needs analysing and the number
of equations that need solving are simply too much

to be done by hand and by a single person.

Pioneers such as Lewis Fry Richardson, a British
physicist, attempted it anyway. By simplifying the equa-
tions and making some bold assumption, he made one
of the first weather forecasts — and it took him over
2 years to complete his calculations by hand. How-
ever, it is the work of Richardson and his colleagues
at the time that set the path for numerical high speed
weather and climate forecasting today. He spawned a
grid over the globe and solved the equations for every
grid point. If an air parcel with a temperature of 20 de-
grees moves steadily from west to east with a speed
of 10 km per hour, where is this air parcel going to be
tomorrow? By hopping from grid point to grid point,
calculating the differences between two points, aver-
aging values around the grid, Richardson calculated
how the air could move in the coming steps. Richard-
son was a visionary, imagining how it would be if not
one person was calculating but thousands of scien-
tists. If this grid was very fine and at every grid point
a person would be calculating, handing over informa-
tion from one point to another — could we do a fast-
er weather forecast?

Today we know this is possible, only not with hu-
mans but with computers. The higher the comput-
er power, the more processes can be looked at, the
more we can deal with the uncertainty in the meas-
urements, predict possible scenarios, resolve the dy-
namic and chaotic processes in nature. And up to this
day, weather forecasting models are grid-based. On
regular or more or less regular grids, the equations
of motion and thermodynamics are solved: the move-
ment of air, the rising or cooling of temperature, form-
ing of clouds, rain and hail, in short, everything that
we observe as weather, is all calculated. A grid struc-
ture seems intuitive. After all, we are already used to
longitudes and latitudes. As the programmes have
become more complex, more processes and interac-
tions have been included, the basic structure of the
grid and the basic equations have stayed the same.
In fact, we also have adapted the observational net-
work to the grid, adding data points where the mod-
el required them. The weather services have tried to-



space the observations to spawn the globe and the
data are collected in regular intervals, every 24, 12,
6, 3 hours or even hourly.

However, | often wondered if the regular grid is
the best model for atmospheric processes? Hydrol-
ogists have come up with other grids and units, why
not atmospheric physicists? What if we could feed a
machine learning algorithm with all the observations
and all the data that are measured daily, every sec-
ond — from the weather stations and satellites, but
also irregular and random data collected from planes,
ships, cars, rivers, fields, houses, photos — would the
Al algorithm come up with the same predictive mod-
els? Would it also work on a grid or would it come up
with other units? Units such as cloud fields? The up-
per and lower systems of the atmosphere? Units that
change along the calculations, morph themselves as
the weather evolves?

When talking to Lise and Joshua about how the
Louis Fry Richardson code could be realised, the first
thoughts were to arrange people along a grid with
each person calculating independently. But slowly
the question arose: what if the participants became
the variables? What if they were the air parcels mov-
ing around? What if they clustered? Joshua made me
understand just how much my mind turned around the
grid base structure. His ideas of people being the
operators and swirling around in groups, changing
meaning and purpose was just marvellous, catchy,
and brought us all back to the idea: how about we
let the Al rediscover our world and the laws of phys-
ics? And who knows: help us to discover better ways
of finding meaningful units than the ones we are cur-
rently tied up with.

Weather Prediction by Numerical Process
-a Forecast for Europe,

Resonances III Datami

Exhibition BozarlLab, Brussels

10 December 2019 - 19 January 2020
Installation views during the performance
Photos Lise Autogena & Joshua Portway
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The Forecast Factory: Art for
Science

Florian Pappenberger

2019 is the 50th anniversary of the moon landing! |
want to go to space, real space, outer space - not just
80km up, which is the boundary above which NASA
calls you an astronaut. | want to marvel at our blue,
gorgeous and precious planet from far away. Maybe
| will make it up there, maybe | will not. From space,
you can see the ocean, the continents, the curva-
ture of the earth and you can also see the clouds.
Clouds in all uncountable combinations of shapes
and patterns. Sometimes, they are so fuzzy that you
think you have forgotten to put on your glasses, and
sometimes their features are crystal clear. Clear as
the patterns of hurricanes and typhoons, which can
be sharp as knives. From up there, they look fascinat-
ing and peaceful, hiding the devastation and hardship
they bring. Hiding the wind and rain that they carry;
hiding the floods that follow in their wake, hiding the
inevitable human suffering they provoke.

Today we can fire up rockets to marvel at these
clouds and we can heat up computer processors to
calculate their patterns. We can forecast this hell on
earth — not perfectly, not with 100% accuracy, not
good enough - yet.... Weather forecasts have been
improving step by step over the last decades, quietly
revolutionising people’s lives with significant, increas-
ing success in predicting disasters. Going to space
and forecasting the weather is made possible by two
key factors: computers and humans. Two essential
components, which also form the beating heart of
Lewis Fry Richardson'’s Forecast Factory, described
in his book Weather Prediction by Numerical Process
— published in 1922. Weather Forecasts are based
on computations using equations that represent the
physical principles governing our planet. Hundreds
of lines of code, millions of earth observations and
billions of brain cells are required to resolve and de-
velop these complex simulation models. Long before
the arrival of any real computers, Richardson devised

a complicated yet sophisticated method of solving
these equations by hand. The method required, to all
effects, a fantasy world, which in turn was a lush uto-
pia for every weather enthusiast.

An enormous building in the shape of a globe, the
hull of the globe segmented into areas like the cells
of a honeycomb. Each cell hosting a busy bee, aka a
human computer, who manually and painstakingly cal-
culates the solutions to weather equations very care-
fully, interacting with the neighbouring cells and di-
rected from the centre by the queen, the Director of
Operations. Then, a village with workers, clerks and
scholars supporting each cell and the entire opera-
tion. This utopia never came to life, and when Rich-
ardson tried his method, it failed. It was a disaster. It
never would have worked — but it is the foundation of
modern computer-based weather forecasting.

Many illustrations of this forecast factory exist, some
very simple, some showing intricate details (look for
the painting by Stephen Conlin from 1986). Lise and
Joshua's idea of realising it with real people, in a real
space, simulating a real forecast is fascinating. Their
concept is stimulating, their questions are fundamen-
tal, their vision is entangling: how do you truly com-
pute fundamental physical equations in a simple way
without any device instruments? How do you commu-
nicate? And shouldn’t the people move like air parti-
cles? How real can reality be? Forecasts are calcu-
lated today on computers with the lighting speed of a
shooting star. In comparison, the human forecast will
be calculated with a speed that will be equivalent to
the light of a star arriving on earth long after it died —
producing a forecast past its sell-by date.

| can’t wait to see Joshua and Lise's work!
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Martina O’Brien

In recent years, with escalating climate concerns, in-
terest in our oceans increased distinctly. From resi-
dents on islands, such as Ireland, to scientists across
the world, seas and oceans are increasingly observed
and analysed. As global citizens and consumers of
the Earth’s natural resources, the materiality and sys-
tematic functionality of oceans affect us all — from the
quality of the food we eat daily e.g. microbead con-
tamination, to our habitats’ rainfall levels , to coastal
erosion and rising water levels. In today’'s contempo-
rary society, the ocean is studied in many different
ways by those whose lives are immediately affect-
ed by the water: fishing companies and coastal res-
idents, and scientists who use the oceans as sub-
jects of digital study.

A new installation of artworks presented by art-
ist Martina O'Brien explores one such oceanic area
- the North East Atlantic Ocean and its coastal re-
gions — an area especially relevant to Ireland, the UK,
and Europe. Video artworks and real-time datasets,
titled B-scope, C-index, focus on the tide in this re-
gion of the Atlantic Ocean, and explore, in particu-
lar, cutting-edge wave observation systems and data
collection processes.

B-scope is a two-channel HD video and audio art-
work. The video features footage taken by the artist
during a recent residency aboard the research ship
The Celtic Explorer in the North East Atlantic Ocean.
The artist accompanied Dr Aaron Lim on the Moni-
toring Changes in Submarine Canyon Coral Habi-
tats survey, on their expedition to the Porcupine Bank.
The opportunity enabled her to capture video footage
from the survey’s underwater Remotely Operated Ve-
hicle (ROV) cameras. This underwater mission was
to place a benthic lander - an observational platform
that sits on the seabed to record physical, chemical

or biological activity - in a previously unobserved area
of the ocean’s floor, a terra incognita.

The underwater vehicle, physically linked to the
host ship by an umbilical cable, descends and as-
cends to and from the ocean floor. Journeying above
and below the horizon line, this artwork is an inquiry
into vertical perspectives, as a counterpoint to the
more familiar horizontal perspectives that explore life
on Earth’s crust and its lived atmosphere. The cam-
era acts as a sensor, giving humans the opportunity
to spectate the hostile ocean floor, and providing de-
tailed on-the-ground information to corroborate dis-
tantly gathered data.

For the duration of this exhibition in Ispra, the in-
stallation includes a printer that visually processes
the live-feed ocean wave data from the ROV expedi-
tion, and displays ocean wave model forecast data-
sets. This data is provided by The European Centre
for Medium-Range Weather Forecasts.

Furthermore, the recent ROV dive featured in
B-scope took place on 15th May — a date that in-
advertently aligns the expedition with four other sig-
nificant journeys of exploration. These explorations,
contributing to the Space Race, included the Soviet
Union's launch of Sputnik 3 in 1958 and Sputnik 4 in
1960, the USA's launch of Mercury-Atlas 9 in 1961
and the Soviet Union’s launch of the Polyus space-
craft in 1987 (all launched 15th May).

This shared launch date links the European expedi-
tion's dive and its location in the Atlantic with histor-
ical expeditions that also journeyed perpendicularly
to the horizon, albeit in the opposite direction. In the
contemporary case of the ROV dive, this expedition’s
mission is a sign of the times; rather than pushing the
boundaries of humanity’s achievements regardless of
the environmental consequences, scientists are now
trying to predict future catastrophes to buy us more
time on Earth.

C-index, a corresponding HD video artwork, ex-
plores the infrastructure, big data and governance
of early warning systems for rising sea levels and lo-
cation-specific hazards, such as tsunamis. In par-
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ticular, this artwork focuses on Ireland’s first /nex-
pensive Device for Sea Level Measurement (IDSL),
recently installed on the island of Inishmore, on Ire-
land’s west coast, on the North East Atlantic Ocean.
An IDSL is a gauge, also known as a mareograph, that
measures the sea level in real-time. This information is
transmitted to servers at the European Commission’s
Joint Research Centre through General Packet Radio
Services (GPRS) communications, thus immediately
available for analysis. Tsunami early warning systems
are based on observation networks of seismometers
that respond to ground motion, in addition to sea lev-
el measuring stations. Combined, these systems send
real-time data to warning centres, in Ireland and abroad.

The physical tools that comprise the installation —
monitors, cameras, printers — are each expressions of
the environment they depict. The artworks offer per-
spectives, via these sensory devices, on contempo-
rary science that looks to nature to proffer the future.

Resonances III Journey
The process of developing a project for Resonances

Ill proved to be an interesting journey, one that was
initiated by the SciArt Summer School in 2018. This

B-scope, C-index,
Resonances III Datami
Martina 0'Brien,
materials, 2019

weeklong platform, filled with numerous presenta-
tions from selected scientists, curators, academics
and fellow artists, was a rare opportunity to become
acquainted with the EU’s Scientific Hub in the Joint
Research Centre. Throughout the five-day programme
| was introduced to research areas that were previous-
ly unfamiliar to me. For example, | got to hear about
smart city designs, policy, genomics, etc., all through
the lens of big data.

Laboratory visits were organised to a number of
scientific research units and this is where | was in-
troduced to the inner workings of the Crisis Manage-
ment Room in the European Crisis Management Lab-
oratory. In particular, | was fortunate to be introduced
to Meteorologist Thomas Petroliagkis, and through
conversations we discussed many compelling po-
tential starting points for a project, which gave me a
lot to consider. Through the Speed Dating session, |
made a salient connection with Louise Arnal from The
European Centre for Medium-Range Weather Fore-
casts (ECMWF) and as a result, the chance to col-
laborate with their Director of Forecasts Florian Pap-
penberger arose.

While on residency in ECMWEF to develop my col-
laboration, | spoke with Florian and many of the scien-
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tists working in areas including wave forecasting,
remote sensing, coastal and river flooding, and archi-
val data handling. Furthermore, | had the opportuni-
ty to ascertain more about the importance of ocean
wave forecasts and their importance in weather fore-
casting and climate modelling, as well as for coast-
al communities, shipping routes and offshore indus-
try. All of which fundamentally informed major parts
of my project.

In addition, | had the chance to witness the opera-
tions of MARS - ECMWF's Meteorological Archival
and Retrieval System; a robotic tape system which
holds the largest archive of numerical weather pre-
diction data in the world. For more than thirty years,
ECMWEF has operated this large-scale data handling
system, on which users can store and retrieve data
needed to perform weather modelling and mining of
weather data. Given that up to 80 million observa-
tions are recorded from land, sea, air, ship and sat-
ellite on a daily basis, the growth of this data collec-
tion and consequential storage is an on-going issue.
They currently have over 300PB (300,000 terabytes)
of data which is accessible to their users and the size
of the archive is expected to continue to grow, reach-
ing 900PB by 2022.
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The Artist-in-Resonances programme was an op-
portunity to spend additional time in the Joint Re-
search Centre's campus, allowing artists to meet with
scientists from their chosen scientific area of interest,
with an aim to further develop concepts for the Reso-
nances lll Festival. It was beneficial to have had this
residency divided into separate timespans, as it al-
lowed for an incubation period between stays at the
site, enabling natural progression to take place with-
in my research.

As | started to think about parts of my proposal, it
became apparent that my interest in the European
Crisis Management Laboratory’s research was pre-
dominately in the area of their sea level monitors —
Inexpensive Devices for Sea Level Measurements
(IDSL's). It was curious and peculiar for me, living in
Ireland, to learn that up until 2018 these devices had
largely been installed in and around the Mediterra-
nean Sea and in a small number of North Atlantic
areas, but that there was now a pertinent need to in-
stall such a device in Inishmore, one of western Ire-
land’s Aran Islands.

Ireland’s history has rarely featured an occasion such
as a tsunami. The consequences of climate change
may however prove that our future is written otherwise.
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Nature of Knowledge
- The Uncertain Structure

Jenny Brockmann

Uncertainty in science poses a problem, but for

me as an artist uncertainty is a chance: | want to
achieve the in-between, a state of uncertainty with-
in my work, because then we really have to strug-
gle. Only when we struggle do we get somewhere.
A fundamental question is how to have knowledge
within and between all the data.

Jenny Brockmann, 2019

The SciArt Experiment

The consequences of climate change depend on the
quantity of greenhouse gases we release into the atmos-
phere, triggered by increasing temperatures, and human-
ity's reaction, with knowledge of these consequences.
All of these factors are uncertain. The amount of green-
house gases still being released depends, among oth-
er things, on human behaviour, technological develop-
ments, and population growth. Uncertainty about the
resulting temperature grows as a result of many types of
feedback from the climate system. Some consequenc-
es of these increasing temperatures are predictable, but
surprises are virtually guaranteed. This is especially true
given the uncertain conditions, and their complex rela-
tionships with humanity’s other environmental impacts,
as well as humankind'’s generally unpredictable strate-
gies for adapting to climate change.

One of the topics of this project is how the forecast
concerning the arrival of a point of irreversible transfor-
mation is uncertain, together with the uncertain process
of knowledge production and transfer.

Generated by a real-time experiment at the JRC, Na-
ture of Knowledge - the Uncertain Structure transfers
data dealing with the consequences of climate change
into a spatial installation in the shape of a spiral at the
VELA 9 Lab (JRC, Ispra, ltaly) and BOZAR (Brussels,
Belgium). The art historian and historian of science Hans-
Jorg Rheinberger writes in his Essay, The Aura of the

Spiral, that, although we find the formal principle of the
spiral as a natural form, above all in organic structures,
the aesthetic interest in it has always been culturally
shaped and as such has undergone manifold figuration
in human history. The oldest spiral form known to us can
be found in Neolithic pottery; the spiral form provided

Nature of Knowledge -

The Uncertain Structure
Resonances III Datami

Jenny Brockmann, visualization
of the spiral structure B, 2019
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Simulation of the impact of the imposed force
on structure A, 3rd principal strain
Simulation of the impact of the imposed force
on structure A, displacement of the structure
Simulation of the impact of the imposed force
on structure A, rotation of the structure
Simulation of the impact of the imposed force
147 on structure A, strain



mathematical basis for the calculation by the Hellenis-
tic mathematician Archimedes, and Leonardo da Vinci
and Johann Wolfgang von Goethe were inspired by the
spiral in their works in literature, art and science. Today
the spiral offers important references in the arts as well
as in the sciences.

A structure corresponding to the test structure at the
European Laboratory for Structural Assessment (ELSA)
of the JRC is built at a remote location and put under
increasing stress throughout the duration of the exhibi-
tion. This structure becomes more and more strained
under the deforming pressure of mechanic devices at
ELSA that simulate geological movements and states of
the atmosphere. Eventually, the structure will be perma-
nently disfigured. The spiral-shaped installation is con-
nected in real time to the data of the experiment, and
transforms in time according to the data created by the
smart energy of the deforming structure, relating with
the materiality of glass to the transparency needed for
the implementation of a smart society as researched by
SGilLab. Accidental and deliberate factors like visitors’
paths through the space, or physical data like tempera-
ture and pressure, lead to the creation of certain varia-
bles in the experiment. These add a random eleme to the
overall uncertainty of the project, while creating an inte-
grated form of communication: opening a social chan-

nel of interaction between the observers, the element
being tested and references to people’s mixed opinions
on the rate of climate change.

This uncertainty provides a contrast to the expected
trajectory of the experiment. Influenced by previous data,
experiments, or models, expectations arise regarding the
duration of the experiment and the moment when the
structure becomes irreversibly transformed. The life ex-
pectancy of the experiment is updated continuously, ac-
cording to new knowledge. This enhances the dichotomy
between what we know about the ongoing phenomena,
and the anticipation of what might happen, while affect-
ing our “memory”: our understanding of what has hap-
pened up until that moment.

‘Uncertainty can be scary and poses the ques-
tion of how to find ways not to be scared of
uncertainty’,

‘A design engineer has to deliver facts and num-
bers, which are supposed to be certain and there
is no chance of failure (handling with a part of
uncertainty)’,

‘Uncertainty is a fundamental ingredient of the re-
search process’,



149

Databodied Nature of Knowledge

| Jenny Brockmann

‘A quality of human behaviour is to be uncertain or
act in an unpredictable/uncertain way’

(Quotes from the scientists during the conversa-
tion between Jenny Brockmann and ELSA Team in
spring 2019)

The core research activities of JRC's European Labora-
tory for Structural Assessment (ELSA) are developed in
support of the standardization of construction, and for
assessing the physical vulnerability of critical structures.
The main provision at ELSA is a Reaction Wall, unique
in Europe, due to its size and capabilities. By means of
computer controlled hydraulic actuators, it is possible
to expose full-scale structures to significant dynamic
forces and control the resulting movements with high
precision. The wall and the floor are designed to resist
the forces, typically several MN, which deform and se-
riously damage the test models.

It allows for the testing of structures at full scale, in or-
der to assess behaviour when exposed to earthquakes
or other types of cyclic loads. Work related to existing
structures includes the development of techniques for
their strengthening or repair, validated by representa-
tive models. Another resource at ELSA is a large Hop-
kinson bar (HopLab) that facilitates dynamic testing of
materials and structures subjected to extreme loads,
simulating high strain rates are representative
of impact and explosion.

‘For the majority of citizens, there is no vision for
the (uncertain) future (not an utopia nor a dysto-

Picture on the previous page:
Nature of Knowledge

-The Uncertain Structure,
Resonances III Datami

Jenny Brockmann,

Photo of a page from the
sketchbook for the project, 2019

Image on this page:

Nature of Knowledge

-The Uncertain Structure,
Resonances III Datami

Jenny Brockmann,

visualization of the movement

by the audience through the instal-
lation spiral structure B, 2019

pia), it is a matter of fact that we lose (physical,
biological) abilities (e.g. to be capable to see in
the dark) and gain new ones (through technical

prosthesis)’

‘Foreseeing the transformation and creating a vi-
sion, including future planning for energy, heating
and communication is the first step to transform
an uncertain state in a certain reality’

‘We all have conflicting links with knowledge (re-
quiring more of it, or disbelieving so called ex-
perts), accept and fear uncertain data processes
(from their collection, to their end use), suffer-
ing from our awareness of the limited/uncertain
perception of reality, etc. The main difference is
that the scientists (or at least many of them) are
trained to deal with uncertainty on the technical
side. Nevertheless they are not well prepared for
dealing with the political, social and ethical un-
certain impact of their work’

(Quotes from the scientists during the conversa-
tion between Jenny Brockmann and SGlLab team
in spring 2019)

The Smart Grid Interoperability Lab (SGILab) of the JRC's
Directorate on Energy, Transport and Climate is a testing
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facility for the interoperability of smart grid systems. Its
aim is to assess technological implementation according
to proposed standards, using cases and processes in
conjunction with applicable models. The goal is to con-
tribute to policymaking and industrial innovation of the
electric grid's modernization. The lab works on the differ-
ent layers of smart grid architecture, from protocols and
communications, to devices and subsystems. It verifies
interactions between grid components, benchmarks of
different solutions, and identifies of gaps and challenges.

The work is performed in collaboration with industry
and research institutions. It is equipped with real time
simulators, an energy storage unit, and an Information
and Communication Technology (ICT) Suite, enabling
the emulation of complex communication settings. The
lab aspires to apply the best available experiment de-
sign and analysis methodologies, and disseminate the
results to all relevant stakeholders.

Notes on Uncertainty - Research

The dislocation of material and data refers to the cru-
cial fact that, in our present time, objects and things are
removed from their original locations, to be transferred
to different ones, as described by Michel Foucault
(1967). The installation determines paths, ways, and
social interactions throughout the exhibition space.
According to the phenomenology of Edmund Husserl
(1936), Maurice Merleau-Ponty (1945), and also in Im-
manuel Kant's “experiential space” (1781), what we
experience with our senses exists in our conscious-
ness. Only then are we able to experience space, and
project our thoughts and memories into it.

In the experimental spatial arrangement in the ex-
hibition space, it is presupposed that creating an ar-
chitectural space will have a retroactive effect on
our perception, and consequently, on our movement
and interaction. In reference to the Internet of Things,
through integrated communication, the process at EL-
SAIJRC, determines the form and the process of the
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spiral installation at the exhibition space. In return,
the movement of the audience through the installa-
tion informs back the process at ELSA. The exhibi-
tion presents a sensual environment to be physically
experienced. Everything in the installation, from the
forms and materials, to the way they move, is impart-
ed with data from the experiment at ELSA, JRC, and
the process at ELSA is imparted with data from the
exhibition space.

The installation in the form of a distributed experi-
ment includes qualities like warm/cold, dense/loose,
dark/light, and different scales and colors, to only
name a few. How is knowledge created through a
space that can be experienced with the senses?
What does the translation performance look like?
How much information gets lost when measuring
real-world phenomena in the form of data? What are
the advantages, but also limits, of data? Data can
be seen as a (mathematical) language, ubiquitous
in the natural sciences.

The project aims to make visible the process of

different phases of knowledge production, knowl-
edge transfer, and interpretation of knowledge. With
its placement at the site of the JRC lab, where the
decision to make measurements is made, the pro-
ject reveals foundations of knowledge production.
By exploiting raw data, accessible only to a hand-
ful of scientists, and transmitting it through digital
codes, it raises questions about knowledge transfer.
The interpretation of this raw data, which is normally
done by scientists and passed on directly to policy
makers, takes place in the installation, through the
physical experience of the audience. This is analo-
gous to the phenomenological idea that the body is
the only tool capable of encompassing the complex-
ity of the “outer” space. The knowledge link estab-
lished during the period of SciArt collaboration po-
tentially influences both the scientific research as
well as the artistic investigation. This bidirectional
feedback provides a highly fertile ground for a dia-
logue that attracts also the attention of a non-spe-
cialised audience.
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I. Introduction

If the inferest in the post-digital seems fo point at anything, itis that the usefulness
of the digital as a discursive element in analysing the impact of tfechnology in
society and culture is waning. Digital technologies on the other hand only grow
and proliferate. This raises the question: why do we need or want to discuss matters
in terms of a post-digital condition if digital media do not seem to lose ground but
rather expand? | suggest we use the term post-digital o establish new points of
perspective to refine the analysis of digital media and digital technologies. | look
at this issue in the context of art. Here, the digital realm tends to be perceived
as screen-based. This tendency is validated by popular approaches in media
art, most notably in Lev Manovich's The Language of New Media. To examine
and understand art practices in which screens are not at the centre of a work
a screen-based analysis does not seem to make much sense. | try to show the
limitations of the screen-based approach of the digital through Alexander Gal-
loway’s analysis of this problem in his book The Interface Effect.

What is not directly visible is also less likely to be seen. Additionalissues for art
in the context of digital media seem to be the visualimpermeability or the spatial
dispersion of specific works and practices. What | mean with visual impermea-
bility is the presence of somehow "hidden” structures, like network technologies,
code and software processes, and even indirect influences of the Internet or of
computer technology in specific works of art'. The perception of such works is
mostly limited to traces and elements of the work our vision, hearing, and tfouch
can detect. The interpretation of physical objects, or "artifacts”, is part of the
appreciation and perception of a work of art. Works of art whose structures or
processes mostly escape the line of sight present a challenge for interpretation
that has been explored from different perspectives.

Earlier approaches for example suggest using Jack Burnham's Systems Aes-
thetics? or Callon and Latour’s Actor Network Theory (ANT)® as a basis for analysis
of complex works of artin a technological environment. What these approaches
lack however is a strategy fo develop new visual models. The prevalence of the
visual arts in contemporary art seems to suggest that developing a view beyond
the screen may ask for an alternative visual approach, rather than a predominantly
conceptual or actor network approach. Rudolph Arnheim offers a possible basis
for such visualisation in his book Visual Thinking®*. He explains how visualisations
are an infrinsic part of thought and understanding®. He uses examples from sci-
ence, where the awareness of processes, structures, and objects often precedes
or even constitutes their visibility. This inner mind visualisation, is created through



the observation and analysis of physical objects or effects, which Arnheim calls
“patterns of forces”, which the observerinevitably interprets based on prior knowl-
edge of the worldé. For art this means that perception of an individual work will
stilldepend on an audience member’s experience and knowledge of art, but this
fime in a post-digital context, a context whose possibilities and limitations are sfill
largely unknown to the general audience. Such an experience and knowledge
will therefore take time to develop.

The development of experience and knowledge largely depends on existing
research, criticism, and theory in the field. Despite a widespread tendency to
approach digital technologies as screen-based, practices and works that exist
beyond the screen have been documented and analysed, mainly from within the
media cultural field’. Their examples and mine show a diversity in practice and
formin artin the contfext of digital fechnologies that remains largely obscured in
the many screen-based approaches. Toround up my proposal fo take Arnheim’s
notion of models of theory as a basis for a new visual approach to art, | attempt
to describe a few possible uses of Arnheim’s theory in this particular context. Since
the visualisations he proposes all depart from specific areas of research, | com-
bine his notion of models of thought with approaches of critics and theorists from
the field of media art and media culture. The new perspectives on the effects of
digital technologies on art developed this way could, through their radical break
away from the screen and their move info the darkness of the unseen, serve the
critical potential of the post-digital.

IT. The Bright and Blinding Screen

In her book Where Art Belongs the art writer Chris Kraus puts what she calls "dig-
ital forms” in the same realm as video?. She is but one of many critics and theo-
rists that describe art in the digital realm in terms of the image and the screen’.
The manner in which it is described is almost always negative. Computers are
described as the present-day epitome of Guy Debord’s The Society of the Spec-
facle, or as problematic because prolific image copy machines. Virilio, in all his
poetic paranoia, expresses this feeling by equalising all screens, from the screen
of the networked computer to the surveillance monitor: “What was still only on
the drawing board with the industrial reproduction of images analysed by Walter
Benjamin, literally explodes with the “Large- Scale Optics” on the Internet, since
tele-surveillance extends to tele-surveillance of art.'?”

This superficial view of the computer and digital media in general, is sup-
ported or at least barely countered by influential writers from the media art field.
Lev Manovich's bestseller The Language of New Media describes the computer
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almost entirely in ferms of cinema. Even the chapter called The Operations, after
a chapter onscreens, solely focuses onimage editing and image sequencing''. In
his book The Interface Effect, Alexander Galloway starts off with a respectful yet
also critical analysis of Manovich' cinematic approach of new media. Galloway
takes his criticism of this approach further by confinuing his criticism to a related
approach, that of remediation'. The theory of remediation draws a straight line
from medieval illustrated manuscripts fo linear perspective painting to cinema
to television and lastly to digital media'®. The radical tfransformations brought on
by digital fechnology are explained only by stafing it "can be more aggressive
in its remediation'. Galloway however puts a radical new twist on remediation
in digital media. He observes that, far from remediating a visual language like
that of cinema, the computer “remediates the very conditions of being itself"'.
In terms of art practice, this means that digital media remediate art as is, with
all its complexities and contradictions. Digital media however do so from their
own form of Dasein, which comes to be through their design and application.

The focus on the screen therefore is not a problem produced by digital
fechnologies per se. To find a possible cause and solution for this problem it seems
more appropriate to approach it as a continuation of issues in art criticism and
cultural theory at large. Though a variety of approaches to discuss art involving
digital technologies exists', “no clearly defined method exists for analysing the
role of science and technology in the history of art” as a wholeV. Edward Shanken
notes how after the heydays of modern art historians stopped describing techno-
logical developments in art'®. In this time period especially, digital technologies
have prospered exponentially. This change in art historical method seems to
have created a lack of analytical tools to grasp the realities of art in the age of
digital media. What the ongoing screen-based analysis of digital media shows
is that this causes the variability and techno-political issues of the digital in art
and culture to go largely unnoticed.

III. What is Visual Thinking

To bridge the gap in knowledge about art and technology it seem:s first of all nec-
essary to look at the role of technology in artin another way. The term post-digital
seems to suggest we take a certain distance from the digital, or that we af least
question what the term has come fo stand for. This distance and questioning may
provoke a necessary re-assessment of the effects of the rise of digital fechnol-
ogies, also in art practice. Galloway and others’” point to how the content and
events of digital media do not exist on-screen primarily by far, and thus largely
happen beyond a straightforward, retinal view. Developing ways to see beyond
the screen therefore seems one of the main goals of a post-digital analysis of art.



The merging of machine spaces and art practices asks for a visualisation method
that is at the same time applicable to both science and art.

In his book Visual Thinking the psychologist and art theorist Rudolf Arnheim
describes various forms of visualisation, one of which happens largely in the mind.
It boils down to “seeing” things you know are there but which cannot or can
barely be seen by the naked eye. It is not a form of imaginative construction of
unreal events or phenomena. Arnheim speaks of *models for theory”?. He de-
scribes examples of how such models appear in nature sciences and geometry,
especially in their early days. Even if he uses examples from the hard sciences,
his approach of scientific visualisations is largely psychological?'. He explains how
every scientific model of an unseeable event or object is never static or stable,
asitis based on a mixture of theory, observation, experience, and psychology. In
otherwords, these visualisations are as much subjective as they are objective views
of events, phenomena, or objects that exist beyond the reach of the human eye.

Arnheim gives an example of how psychological or cultural influences can
affect visual thinking: Galileo not only had to battle church dogmas. He also had
to constantly challenge his own, learned modes of perception, and in the end he
did not completely succeed. Galileo refused to accept planets rotated around
the sunin ellipses rather than in circles. His refusal was based on cultural notfions
of his day in which religious beliefs suggested an underlying perfection existing in
all of God’s creation. Ellipses were considered imperfect. Arnheim quotes Erwin
Panofsky poinfing out that the ellipse, the distorted circle, “was as emphatically
rejected by High renaissance art as it was cherished in mannerism”?2. Yet, even
if Galileo’s vision of how the earth moves through the universe was not entirely
correct, his model of the universe did change our view of our planet radically,
and gave the work of other scientists an important new direction. A shift of per-
spective can apparently enrich the way we approach things, even if not every
detail of this new view is in line with the reality it reveals.

A visualisation such as meantin Arnheim’s theory is flexible, and is not meant
fo prescribe how works of art should be interpreted or valued. Works of art can
still be explored from different perspectives, for the development of which in-
tuition, theory, and physical experience are combined. What a development
of this form of visualisation may add is an experience of seemingly scaftered
or elusive works as relatively concrete, graspable objects or processes. In other
words, rather than depending on a few visible markers the view of a work could
entail shapes ungraspable by the eye alone, but deductible or knowable to the
mind, fo serve as the basis for a possible interpretation. According to Arnheim, “all
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shapes are experienced as patterns of forces and are relevant only as patterns of
forces"?. In this sense an art object in a gallery and a networked installation are
not that different. Pictures, models, or visualisations developed from interpreting
these patterns of forces however depend on former experiences and intellectual,
cultural, or emotional preconceptions of the beholder.

To illustrate how this can play out: whereas Jacques Ranci.re describes the
future of the image and representation in terms of "machines of reproduction”?,
Galloway looks at the same surface and see what he calls The Interface Effect,
which is an effect "of other things, and thus tells the story of the larger forces that
engender them”?. One sees a copy and edifing fool, the other a change of the
forces beyond the screen that the images represent. Ranci.re's example reveals
alimited perception of the digital as screen-based, while Galloway puts forward
a view of the digital as a complex structure of forces obscured by a focus on
the screen. These two divergent approaches of the digital each offer a radically
different view. The first limits a view of the digital to what is directly visible, while
the second firmly places the construction of the screen within larger systems
and barely or non-visible practices. By breaking away from the screen Galloway
seems closest to a post-digital approach.

IV. Applying visual thinking

Arnheim’s notion of models of theory describes a general way in which the mind’s
eye can see things, and how this way of seeing can help us make sense of things
or situations. Contemporary art contains a highly varied field of practices, ranging
from visual to performance to conceptual, and the interdisciplinary practices
and works produced between them. Not one model for theory will fit to grasp
the shape of all individual works of art. In the context of digital technologies art
shows the same variety of practices and forms?. Individual works and practices
need an approach that enables a view of their specific form and/or process, a
specificity Arnheim’s concept of models for theory does not offer on its own. Arn-
heim himself uses examples from cosmogony, geometry, and physics to illustrate
how these models work?. The notion of models of theory therefore describes a
way of seeing that arises from various disciplines or practices in which direct,
retinal views of specific forms or processes cannot occur, can only be established
partially, or are not available yeft.

Research on post-screen works and practices therefore needs to be a de-
parfure point from which to develop visualisations for these works and practices.
Arnheim also describes boundaries to visual thinking. A mental image is not a
photographic image of reality, but an approximate, subjective view of a form or



event. The creation of models of thought is influenced by “the psychological ten-
dency towards simplest structure”?, or a combination of an intuition or deduction
of the shape we envision and the shapes we are already familiar with. Models of
thought can make the shape of objects, processes, and events beyond the line of
sight easier to grasp, but they also tend o be simplified versions of these objects,
processes, and events. A model for theory is nothing more than an aftempft fo
see structure beyond the line of sight. Applying this type of visualisation to works
of art therefore means balancing an attempt to be accurate with the reality of
inherent failure. Still, an additional, visual layer to the way post-screen works and
practices are approached already cannot harm us, but it can possibly help and
enrich the way we see. A poetic use of code?, a sculptural use of networks*®, and
conceptualist practices® are examples that show the heterogeneity of art beyond
the screen. | treat these for the moment as separate categories, but am aware of
the interdisciplinary character of each work in these areas, and of the physical
and conceptual overlaps between them. In the next three sub chapfters | briefly
describe each category, and I try to apply visual thinking to an example in each.

IV.I. Code Art

Various authors have described the deep entrenchment of code in culture and
society, and its defining role in new systems of power32, Others have emphasised
the generative aspect of code and its application in various art practices, and
how code art at least partly escapes institutional realms?3. These views from the
media art and media theoretical field seem to conflict with the tendency among
influential art critics and cultural theorists to see and discuss the mainissues of the
digital in terms of the screen. The intervention of the post-digital may help here.
What is clear from all descriptions of code artis that it cannot be represented on
a retinal plane in its entirety, or in its full capacity. Code as a written text, deep
within a computer or presented on screen or paper, encompasses a potential
activity that cannot be grasped from a literal reading or retinal observation of
code as ftext or effect alone. To create a visualisation of a work of code art we
could attempt to include the potential activity inherent to code. Visualising the
work in full force would have fo include movement through time and space,
however minimal in the machine it runs on, as well as its relation to cultural, social,
and political realms. Let us take a work like Jaromil's Forkbomb for example, a
highly poetic and minimal string of code designed to replicate itself endlessly.
When seeing it displayed as text, like it was painted on a wall at Transmediale 2012,
we could admire the simple beauty of the string of signs. Awareness of it being
a piece of executable code of a very specific kind, a fork bomb virus, however
could lead us beyond this relatively simple visible dimension. We could imagine
a proliferation of that string of code in the shape of maybe a family free, much
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like the poetic experiments Florian Cramer describes?4, but constantly splitting,
moving, growing. We could at the same fime see the hard disc working away and
filling up, its design standardised so as to allow indeterminate applications and
thus also viruses, along the observations in Matthew Fuller's Media Ecologies®.

We could wait to see how much time it takes for the computer it runs on fo
crash, placing itin the media archaeological domain described by Jussi Parikka®®.
We could also see a computer failing at being a productive machine in terms of
expectations of what its economic, cultural, or political purpose is in ways Galloway
describes¥. A visualisation of Forkbomb in action could in this way give body to
what first may have appeared as a predominantly conceptual work, by revealing
its profound embedding and movement in the very physical structure that is a
computer, and in the socio-technological landscape that stretches out around it.

IV.II. Sculpture and Performance in Digital Networks

The visualisation of how technological networks are made part of specific works
of art requires an explicit visualisation of hardware as well as of the role of hard-
ware in information flows. In network art installations hardware is essential, and
most of it is far beyond sight. Any Internet connection for example quite easily
runs halfway around the world?®8. The myriad of specific operations to realise an
Infernet connection happens almost enfirely automated®. It runs across different
national borders in ways largely beyond our control. Internet connections therefore
are not neuftral, straightforward couplings of machines. Yet Infernet connections
in works of art are mostly discussed in terms of fechnology, virtual spaces, and
telepresence, and seldom in terms of the mixed physical and techno-political
essence of the network, let alone in terms of a visualisation of i,

By making the Internet part of a decentralised installation or performance,
happening at different places at once, a composition is created that involves
the implementation of a shared, semi-public infrastructure. This implementation
of the Net is time-based, because the network involvement only exists when the
installation runs or a live performance takes place*'. Though some works in this
category involve smaller or private networks that are not online and have no sig-
nificant political dimension, in my opinion the use of the semi-public space of the
Infernet as a key factorin a work deserves special attention due to its political and
cultural sensitivity. A post-digital view of art could and should include a sobering
view of the Internet as bringer of alleged freedom and progress by disclosing the
reality of and behind its construction. The political dimension to the Internet also
affects the art world. The possibilities for arfists to represent themselves and have
a direct connection to their audience online creates a challenge to the authority



of critics, curators, gallerists, and art institutions*2. In this sense the interests of artists
and media activists seem to overlap. It must maybe be emphasised though that
aninclusion of a view of the way the Internet is constructed, and how if functions
within a work of art, need not be political per se. It could also be aesthetic or
poetic, or a combination of all these.

Several authors have described the role of the Internet as a continuation
of struggles over media access and the development of free media or of tac-
tical media*. The vulnerability of the Internet as a space for free speech and
collaboration across borders has led some artists to develop alternative net-
works. These sometimes unpractical and sometimes highly inventive alternative
networks are works of art in themselves, and, though they are not connected
to the larger Internet, through their sheer separation and rejection of the Inter-
net they can be seen as political, activist art statements. Several works from
arfists that are part of Weise 7, a studio and artist collective from Berlin, could
be described this way.

Netless for example, a work by Daniil Vasiliev, establishes an independent
network through the attachment of wirelessly communicating data storage
devices to public transport vehicles such as tframs. Information exchange in
this network happens through manual upload to one of the devices, and an
automatic exchange between two devices when the tframs they are attached
to pass each other. The work's shape is defined through physical, semi-physical,
and conceptual elements: the trams, wireless storage devices, and the comput-
ers and phones of the users; the wifi-signals moving separately and overlapping
occasionally; and the explicit separation of the Internet. Though the work is
dispersed, it is still delineated by the public tfransport infrastructure’s reach, the
capacity of the wireless devices, and the network of users and their individual
computers. One could maybe say it has a tentacle-like shape, whereby the
ends of each fentacle dissolve in the personal network and interests of each
user. By envisioning the patterns of forces involved conceptually, spatially, and
physically, arelatively comprehensive and less abstract view of this installation
could possibly emerge, rather than from a description and an abstract pres-
entation model alone.

IV.III. Conceptualism and the Digital Sphere

In the last few years a growing awareness of the influence of the Internet in art
beyond the computer has evolved through the development of so-called Post-In-
ternet art*. The Post-Internet art *“movement” and the post-digital have in common
that they both re-examine the faulty premises common views of digital culture are
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based on. They also seem to share a questioning of boundaries between techno-
logical and socio-cultural domains, in particular the penetration of life and culture
by concepts and practices originating in the technological domain. The reason
| call certain art practices conceptualist is that they largely manifest themselves
in some form outside of digital media, yet these media do inform their shape. The
fechnology seemingly disappearsin them. Maybe more than in other art practices
digital media here "remediate the very conditions of being itself™.

Works range from performance and activist art to sculpture, painting, video,
and prints“. Works in this highly diverse group of practices seem to have three
things in common: they use the Internet as an information or material resource;
they use the Internet as a community space; and they use digital media for pub-
lication purposes?. The works in themselves largely take shape outside the com-
puter. Some works, such as the activist art performances of the Yes Men/rtmark,
are described in books about net art and digital art 48. More object-based work,
like that associated with the “Post-Internet” label, still largely needs to find its way
into literature. Marisa Olson describes the extensive use of found photography in
Post-Internet practices in terms of a revaluation of “portraits of the Web”. “Taken
out of circulation and repurposed, they are ascribed with new value, like the
shiny bars locked up in Fort Knox™.

To develop a model for theory or visualisation of the indirect effects of tech-
nology at play in conceptualist works of art could be difficult. Following Arnheim'’s
view that these visualisations always take the simplest form, the elusive and near
infangible echoes of technology in these particular conceptualist practices seem
to ask for a highly abstract yet familiar model. One such model for an all-pervad-
ing yet invisible machine comes from the world of popular fiction. Borrowing from
the Hollywood blockbuster The Matrix Vito Campanelli speaks of an “aesthetic
matrix” when describing the influence of the design and content of the web. He
sees our current cultural situation as “a fime characterised by a diffuse aesthetics
and by memetic transmission”, especially pertaining to “cultural elements” such
as images®. Next to media confent one could however also include the subtle
but defining role of tools and technologies in the development of practices in
this aesthetic. The work of the Yes Men may serve as an example.

The art activism of the Yes Men consists largely of infiltration and subversion
strategies. They copy the logo and communication design of a certain corpo-
rafion or institution and use it as a facade for their infervention in the media
presence of this corporation or institution®. The Yes Men's work is a juggling with
the different dimensions of reality: the reality of physical space; the reality of



media representations; and the specific historical and cultural perceptions re-
lating to their target. They use the space between the reality of physical space
and that of media representations as a theatre in which to perform alternative
histories. This in-between space is a physical space, a technological space, and
a conceptual space at once®?. We could maybe see the shapes of individual
works of art in this space as explicitly virtual, even if they appear as objects, like
in Post-Internet art. The virtual, in the sense of representing the potential of an
event or object, here exists in ghost-like shapes and processes that consist of the
ectoplasm, the leakage, or the extra-digital results of digital tfechnologies. An
analysis of this leakage seems to belong in the techno-critical exploration the
post-digital approach may offer.

V. Finally

In the twenty years | worked as a critic and observer of art in the context of dig-
ital technologies, | have been confronted with a partial but rather substantial
blindness to the shapes of works and practices in this area in audiences, critics,
educators, and curators. The relative inexperience with computers and related
technologies seems to make it easy either to be sucked into, or fo be turned away
by, the movements and the glitter on the screen. Furthermore, a reluctance fo
see the screen in a different light seems informed by pre-digital cultural theory,
in which cinema and television were the main focus of analysis®®. | have tried to
show how this surface view of the digital media is distracting and misleading.

New technologies have enabled artists to make structures and processes
that are too large, foo small, or too elusive for us to perceive with our eyes alone.
The computer and its networks seem to especially influence this tendency. A
screen-based view of art in this context will not make the works in question visi-
ble. Different descripfions and analyses of these works exist, but these are mostly
based on a conceptual approach. A comprehensive visual approach to these
works does not exist yet. In my search for a way to pass on my own experiences,
in parficular with art in networks, | stumbled upon Arnheim’s Visual Thinking. In
the chapter *Models for Theory”, Arnheim describes a way of seeing in which the
inner mind creates visualisations of complex or large phenomena®4. These visual-
isations are part of the formation of a grasp of the shape and processes of these
phenomena. Though Arnheim ascribes this visualisation technique for science, |
think it can just as easily be applied to the arts. Here too we have complex and
large structures the shape and processes of which almost completely escape
the eye. By trying to develop a visualisation of a work from patterns of forces, or
from those elements and effects of a work we can experience directly, it may
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be possible to get a more profound or full experience of a work as it expands
beyond the line of sight. This visualisation technique is not to replace interpreta-
fion, but | offer it as a possible additional strategy fo approach and experience
specific works of art. Rather than approaching complex, unstable, and/ or very
large or small works as limited or, on the contrary, as dissolving info an undefined
public sphere or some mysterious machinic universe, it may be possible fo discern
shapes, trajectories, and spheres of influence or inferaction. Arnheim’s “models
fortheory” approach comes closest to my own view and experience of artin the
context of digital tfechnologies. To hopefully clarify, but also to inspire possible
new visualisations in the reader, | have added examples of possible implemen-
tations of this particular form of visualisation, which no doubt should be refined.

“Post-digital is post-screen”, the title of my paper, refers to the need to de-
velop new approaches to art and culture in the context of digital fechnologies.
Getting stuck in an endless loop of images and copied images is not how the
arts of today need to be perceived. A post-digital perspective can help us see
deeper, and further.
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gency

Minds hacked by Al, free will made of silicon lightning, CRISPR
promise of health, data gnosis, Nemo visioning zeros and ones,
changing faculties, time redefined, inverted orders and crumbling
identities, DNA-fiction, border-fiction, country-fiction, national-
ist-fiction, virginal act start anew, history old rags, trickster mind in
trickster data, what agency did you conquer?

Big Data is about the explosion of viewpoints, about rethinking
what we thought we knew, science like art always different answers
to known questions, treasure troves of data spilling into new visions,
or like DNA rollercoasting into epigenetics then the agency of
CRISPR, book of life coding and decoding your organs, who can
stop the many dreams of correction, a makeable health coded
and untwisting, each single suffering the immense responsibility of
life, dizziness looking into mirrors mirroring the mind is everywhere
and the environment is within, in us, intimate and fleeting. No more
divisions of body and mind or mind and nature but nature within us
and put to the test, Big Data linking time and history old as Greeks,
history’s starting point the big bang aeons of coding culminating
in silicon is what you think really what you think or really what you
want to think? So where’s your Agency?
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I. Description of the work

My work for the Resonances Illl Datami Festival is
an interactive three-dimensional genetic installation,
which explores gene expression networks of D.pulex
(Daphnia pulex) in a concept of a Black Box — an un-
known algorithm, which math could possibly some-
day describe and understand, by close observation
and comparison of multiple data, effectively the Big
Data of genetic information.

D.pulex is a very common species of the water flea,
which is well-documented thanks to great eco-re-
sponsivity: its epigenetics (modifications of how and
how much of the genes slumbering in DNA are read)
reacts sensitively to environmental changes, climate,
and the presence of natural predators. Each layer of
the installation represents the uniqueness of each
organism'’s epigenetic reaction to the environment,

at the same time showing that the math of the whole
system lies in between the layers and can be discov-
ered only by collecting, comparing and analysing a
massive set of these individual data.

On one side, the installation explores insights of
biology, the natural science that studies life and liv-
ing organisms with growing accuracy. On the oth-
er, its alive, completely non-static structures, deeply
connected with time-based accidents, environmental
factors, human personal inputs, stochastic changes,
and the necessary evolutionary plasticity. It also ex-
plores systems biology and bioinformatics, emerging
as modern interdisciplinary research fields, based on
collecting and analysing large amounts of biological
data, to understand the complexity of life in a larger
picture. This includes human ones, which are sensi-
tive and personal.

D. pulex Black Box,
Resonaces III Datami
Nastassia Zenovich,
part of layered D.pulex
graph visualization, 2019
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Data Reference

The data visualisation of the installation is based on re-
search of D.pulex environmental sensitivity and D.pulex
gene coexpression networks' , and on cooperation
with scientists Mauro Petrillo and Laura Gribaldo.

With data for the installation provided by J. As-
selman from the Laboratory of Environmental Toxicol-
ogy and Aquatic Ecology, at the Universiteit Ghent,
Belgium, the network structure from the WGCNA
analysis? was combined with the data of expression
profiles. This enabled the reconstruction of the main
process of scientific research, coupling it to the idea
of DNA plasticity and individual organisms. To do so,
multiple D.pulex profiles used in the research were
reconstructed as separate visual layers with interac-
tive response to a user’s presence.

The water flea Daphnia pulex is a keystone spe-
cies of freshwater ecosystems, where Daphnia-spe-
cific genes are the genes most responsive to eco-
logical challenges®. Their populations are defined by
the boundaries of ponds and lakes; they are sensi-
tive to modern toxicants in the environment, and thus
are used to assess the ecological impact of environ-
mental change.

IT. Excursus on Artist’'s vision

As a graphic designer and artist, | consider Big Data
itself as a new starting point for humanity to under-
stand itself in a newly emerging, fast, complex, and
possibly biased reality. A way to expand existing knowl-
edge and study society on a previously unavailable
scale, unlocked by examining phenomena through
the lens of massive amounts of raw and sometimes
unforeseen data.

The concept of Datami here is a way to connect
modern scientific visions and tools. These are some-
times quite distant from people’s everyday practic-
es, since human perception can trail the power of
Big Data and, as humans, we are endangered in our
unique position as intelligent beings, but with the hy-
pothetical capacity to discover and train a new sens-

tivity for these data. | found Datami a perfect place to
search for an artistic way to think about Big Data and
their effects on our capacities of perception.

During the meeting with Professor John K. Col-
bourne on the JRC site in June 2019, somebody ex-
pressed the idea that science itself is not enough to
bring change to society, medicine and economy, but
that we really need a cultural change. And that's how
| see the SciArt programme — as a connection tool
between science and how it is perceived by people,
as well as an occasion to draw on scientific results
and explore multiple and growing datasets, hunting
for new understanding.

Meetings brief notes

Based on the meetings with Mauro Petrillo and Lau-
ra Gribaldo, the concept of complexity and sensitivity
of the data developed to form the basis of the instal-
lation. Big Data requires both an engagement and a
basic understanding of the topic from the public, as
well as fast policy development.

During the lecture and open discussion between Prof.
John K. Colbourne from the School of Biosciences, Uni-
versity of Birmingham, and the community of the JRC Is-
pra science departments, several topics were discussed:

* Science itself might not be enough to quickly im-
plement its results into society, and positively in-
fluence our economies and social development —
what is needed first is a cultural change;

* Genes themselves, and especially their reactions
to the surroundings, are conservative. They rarely
change during evolution. In this way, the evolution of
genes can prevail over the evolution of the species;

* The possibility of using genes study and biomark-
ers study of the ‘simplest’ model organisms, such
as D.pulex, could in the future replace animal test-
ing in medical industries.

All these points contributed to the creation of the con-
ceptual basis of the installation: a living organism can
be considered in a certain sense as a form-factor for
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the development of gene evolution, where gene func-
tion evolution occurs prior to species evolution. This
idea becomes valuable when considering the rela-
tionship between humans and other species, includ-
ing the environment, and in light of new possibilities
to study, use and control genes. The discussion on
what humanity wants to control and what we're al-
lowed to control, what changes we want to favour,
and which ones we must prohibit, needs to be held
urgently and as broadly as possible.

Notes

1. Asselman J, Pfrender ME, Lopez JA, Shaw JR, De Scham-
phelaere KAC. "“Gene Coexpression Networks Drive and
Predict Reproductive Effects in Daphnia in Response
to Environmental Disturbances”, Environ. Sci. Technol.
2018;52(1):317-326. PMID:29211465.

2. Weighted correlation network analysis, also known as
weighted gene co-expression network analysis [WGCNAJ,
is a widely used data mining method especially f