dh 25TH INTERNATIONAL

SYMPOSIUM ON ELECTRONIC ART

‘ b June 22 (Sat) — June 28 (Fri), 2019

Asia Culture Center

IS=A2019 Gwangju, Korea

Gwangju, Korea

Cux Aeterna PROCEEDINGS

A2019

1S







Lux Aeterna
ISEA2019 Gwangju LUX AETERNA

Proceedings of the 25th International Symposium on Electronic Art

Editors: Juyong Park, Juhan Nam, Jin Wan Park

Cover Design: Page Communications

Copyright © 2019 all rights reserved by the individual authors, Art Center Nabi, Korea Advanced Institute
of Science and Technology, Chung-Ang University, and ISEA International.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or

by any means, without prior written permission of the individual authors and ISEA International.

Individual authors of papers and presentations are solely responsible for all materials submitted for the
publication. The publisher and the editors do not warrant or assume any legal responsibilities for the
publication’s content. All opinions expressed in the book are of the authors and do not reflect those of the

publisher and the editors.

Art Center Nabi
4th Floor, SK Building, 26 Jong-ro, Jongno-gu, Seoul, Korea

Printed in Gwangju
ISBN: 979-11-87275-06-0

Proceedings of the 25th International Symposium on Electronic Art

1



ISEA2019

CREDITS

General Chair

Soh Yeong Roh, Director, Art Center Nabi

Honorary Chair

Kwangyun Wohn, Chairperson, National Research Council of Science and Technology

Academic Directors

Juyong Park, Associate Professor, Graduate School of Culture Technology, KAIST
Juhan Nam, Assistant Professor, Graduate School of Culture Technology, KAIST

Jin Wan Park, Professor, School of Computer Science and Engineering, Chung-Ang University

Artistic Director

Nambhee Park, Team Leader, ACT Festival Team, Asia Culture Institute

Poster / Demos Chairs

Yongsoon Choi, Associate Professor, Department of Art & Technology, Sogang University

Jiyoon Chun, Associate Professor, Department of New Media, Seoul Media Institute of Technology

Workshop / Tutorial Chairs
Hyun Ju Kim, Associate Professor, Department of New Media, Seoul Media Institute of Technology

Byungjoo Lee, Assistant Professor, Graduate School of Culture Technology, KAIST

Artist Talks Chair

Su Hyun Nam, Assistant Professor, Department of Transmedia, Syracuse University

Institutional Presentation Chair

Boa Rhee, Professor, Department of Computer Art, Chung-Ang University

Gwangju, Korea



Lux Aeterna

Special Session Chairs

Won Kon Yi, Professor, School of Fine Arts, Dankook University
Soo Hee Lee, Professor, Organisation Studies, University of Kent
Jina Kim, Ph.D, Nabi Future Studies, Art Center Nabi

YoungJae Oh, Professor, College of Art and Design, Seoul National University of Science and Technology

Exhibition, Performance, and Event Chairs and Co-Organisers
Art Center Nabi:

Hyeln Jeon, Team Leader, Curatorial Team
Hee-Eun Kim, Suhun Lee, Yoojin Chung, Soyoung Lim, and Heeyoon Choi
Asia Culture Institute:

Hyehyun Kim, Mihyun Jang, NamKyoon Kim, Jeongseok Lee, and Sangon Wi
Yang Hyun Kim, Professor, Department of Philosophy, Chonnam National University
Gwangju Cultural Foundation,

Gwangju Traditional Culture Center
Chosun University

Gwangju Convention & Visitors Bureau

Artistic Program Management and Supervision
Art Center Nabi:
Hyeln Jeon, Hee-Eun Kim, Suhun Lee, Heeyoon Choi, Yoojin Chung, Yeajin Cho, Yukyung Chung,

Hahlra Kim, Soyoung Lim, SangWook Han, Junho Choi, SoHyeong Lee, Homan Kwon, and JaeYoung Kim

Opening Performance <Drunken Drone>

LEE LeeNam, Robolink, Pablo Air, GongMyoung and Art Center Nabi

Closing Performance <Fiat Lux>

Jayoung Chung, Art Center Nabi, and Gwangju Traditional Culture Center

Proceedings of the 25th International Symposium on Electronic Art

3



ISEA2019

Local Engaged Workshop <Searching Darkness>
Marcus Neustetter, Ji-Eun Lee, Art Center Nabi, and Gwangju Cultural Foundation

Administrative

Art Center Nabi:
A-Young Cho
Gwangju Metropolitan City:
Yongsup Lee (Mayor), Hyang Park, Byungjae Moon, Minsuk Shin, and Myeongju Jo
Asia Culture Center:
Jinsik Lee (Acting President) and Seongkwon Jang
Asia Culture Institute:
Gipyo Lee (President) and Jeongseok Lee
Gwangju Cultural Foundation:
YoungSoon Kim, JinKyoung Jeong, HwanHee Suh, HanKyoung Kim, and Jinsil Choi
Gwangju Traditional Culture Center:
Gang Bae Park (Head), Kyung Dong Park, and Jun Woo Park
Gwangju Convention & Visitors Bureau:

Yongheon Lee (CEO), Wongi No, Jeongsuk Jeong, and Aeseon Lee

Design
Claire Choi, Pansydaisy Corporation, Label1571, and DAADA Graphics

Operations and Tech Partners

miceone

Gana Enterprise

Gwangju, Korea



Lux Aeterna

PREFACE

In these Proceedings you can find the successful academic submissions towards ISEA2019, comprising 143
submissions in full and short papers, posters, and panels. Each one underwent a rigorous double-blind peer-review

process involving the tireless work of multiple reviewers from all over the world, whom we thank deeply.

When in the spring of 2016 the plan to win the hosting rights to ISEA2019 in Gwangju, Korea was taking shape,
it did not take long until it dawned upon us that there was one clear theme that touches upon the essence of the
place: Light. Gwangju means “land of light”, and soon the unlikely theoretical physicist (Juyong Park) was busy
at work, together with the rest of the original group from equally unlikely backgrounds, compiling the many
fascinating—oftentimes paradoxical—natures of light such as its permanence in the universe and its ephemerality

in time, each one confirming our belief that the choice is the right one for ISEA2019.

Three years later, here we are presenting the diverse ways in which Lux Aeterna — stunningly eternalised in the
late great Stanley Kubrick’s 4 Space Odyssey via Gyorgy Ligeti’s composition of the same name — has been
imagined and materialised in the minds of the leading researchers of our time. With its long history as the centre
of Korea’s traditional culture, Gwangju is now ready to assert its role in the future landscape of art by embracing
ISEA2019 and catapult itself into the future. The contributions collected in these Proceedings will provide the
way forward, by highlighting how Light, the very identity of Gwangju, intersects the past and the future, from the
timeless, fundamental question of human existence to applications of bleeding-edge technologies that have yet to
show us their full capabilities. The quality and diversity of the submissions prove that the months-long review
process has been undeniably worthwhile; Therefore congratulations to all our authors, and let us now celebrate

and bask in the glorious Lux Aeterna.

Seoul, Korea

2019

Juyong Park, Korea Advanced Institute of Science & Technology
Juhan Nam, Korea Advanced Institute of Science & Technology

Jin Wan Park, Chung-Ang University
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THEME
Lux Aeterna: Eternal Light

Inspired by the meaning of the name of the host city Gwangju (City of Light), Lux
Aeterna raises issues open to complex interpretations in culture, science, and
history with equal fervor and significance. In religion, for instance, light signifies
divinity and immortality; In science, on the other hand, it is an energetic particle-
wave; In the humanities, enlightenment and rationality. The presence of light also
creates Umbra, its own antithesis, with Penumbra between the two. Such multi-
faceted nature of light will lead to the free cohesion of procedural logic based on
human sensibilities and technology of artistic inspirations, which is the ultimate

goal of ISEA.

SUBTHEMES
Aeternitas: Eternity and the Mortal

Various perspectives are presented on the eternity of humankind and the mortality
of the individual human. While finite in physicality, humankind’s achievements can
transcend time. Scientific knowledge, however, is denied absolute eternity because
it is in principle subject to modification. In the near future technological advances
may bring on a singularity where humankind decides to gain physical eternity or
bestow transcendence upon its past. Works under this subtheme are inspired by

religious, scientific, humanistic, and artistic aspects.

Gwangju, Korea



Lux Aeterna

Symphonia: Harmony of Noise

Sound and light are both wave phenomena, with deep ties to vision and signal
processing research in engineering. An emerging opinion in Vision Insight claims
that machines can be more accurate than humans when detecting the essence of
things. In science and other fields, however, a raw, unrefined signal can open up
various possibilities in the interpretation of data. This is expressed, for example, in
Phaidon where Simmias mentions the attunement referring to the remaining sound
even after the destruction of Lyre. Works under this subtheme This topic, involving
the two different types of waves, includes a wide range of works on light and sound
in Data Analysis and Data Visualization that extract meaningful signals from noise

to achieve and harmony.

Iluminatio: Enlightenment of Al (Artificial Intelligence) & AE (Artificial

Emotion)

Eighteenth-century Europe embraced Enlightenment ideals in order to advance
culture and civilization by the power of the human intellect and rationale. The
influence of the Enlightenment movement in the society 1s similar to that of
Artificial Intelligence (AI) which could happen in the near future-breaking down
the old customs and discovering and spreading the universal truth through objective
observation. Al has been a controversial topic because it is uncertain how SNN
(Spiking Neural Network) that mimics the thinking process of human’s social and
artistic brain activity will be able to solve problems. Even if SNN gains the

problem-solving ability, various kinds of questions still remain. For example,
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SNN’s decision-making process and the purpose for solving problems is vague.
This topic seeks a type of projects and researches that explores Al’s ability to
configure human’s creativity and emotion. In addition, assuming the feasibility of
Artificial Emotion (A.E), this topic invites works and research that deal with the

essence of a man in the near future.

As the significance of redefining human creativity and ingenuity i1s emphasized
with the advent of Al, ‘education’ in the regard of incubating the talents the
contemporary society needs is also being highlighted. The role of education in the
era of the machinery is not only restricted to nurturing the capability to stay abreast
of the latest innovations and implement science and technology to the today’s
everchanging turmoil of interests. There are active discussions on the education
reflecting the transitions and transformations of the contemporary society from
programming, code literacy, to STEAM, aiming to further present how the essence
of humanity could be innovated. We await various researches and opinions on the
importance and role of media art, focusing toward the direction of education for the

present and the future.

Penumbra: In-between

We look for various topics for research that are not mentioned above. Light and
shadow are relative concepts. A research that might be deemed a failure for some
researchers could be seen as the process of the search for the truth from the
perspective of another research field. The topics of the paper mentioned so far are

the signposts for guidance and inspiration. However, beyond our narrow point of

Gwangju, Korea
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view, we would like to hear your very own stories. We hope to encounter works

and research that are full of imagination and creativity, beyond our limited frame.

Under this theme, a special session on art, technology, and money will take place.
This session will explore new ecosystem(s) among art, technology, and money.
Most of us in art and technology field have had to rely on governmental funds or
private charity. But with the rise of social impact investment, there may be a new
horizon opening up for creating new values, where artists and technologists find
new ways of communicating with the public. In this special session, we want to

explore new opportunities as well as possible risks.

Proceedings of the 25th International Symposium on Electronic Art
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Abstract

This paper explores different approaches to the sonification
and visualisation of two environmental projects:- “Heavy
Metal” is focussed upon the real-time analysis and sonifica-
tion of the chemical elements in a painting via a camera vision
system, whilst “Oratorio for a Million Souls” concerns the be-
haviour and acoustic properties of live bee colonies manifest
in the creation of real-time multi-channel sound compositions
and associated sound architectures. Whilst these two projects
differ in terms of methodology, aesthetics and technical ap-
proach they both share a direct concern with a deep analysis
of the underlying environmental structures and perceptual
frameworks that emerge in direct ‘live’ encounters — on one
hand the discovery of what lies behind the surface of a painted
image in terms of chemical and colour structures — and in
the case of Oratorio, a compelling immersion into the acoustic
environment of Bees.

Keywords

Art and Science, Data Sonification, Environmental Sound-
art, Art and Biology.

Introduction and context for Heavy Metal

Heavy Metal' (2016) is an art installation with interactive
camera vision system and digital audio by artist Nigel
Helyer in collaboration with composer Jon Drummond and
Environmental Scientist Mark Taylor. Heavy Metal was
conceived and realised as part of a three-year Australian Re-
search Council Linkage Grant project, When Science Meets
Art: an environmental portrait of the Shoalhaven River Val-
ley. A creative research collaboration between artist Nigel
Helyer, environmental scientist Mark Taylor, and media
theorist John Potts.

The aim of the overall project is to create a complete envi-
ronmental portrait of Bundanon?, a region of 1100 hectares
(2700 acres) in rural NSW bequeathed to the Australian peo-
ple by the modernist painter Arthur Boyd® in 1993. The pro-
ject uses techniques of environmental science, artistic prac-
tice, information technology, media technology and cultural
history. Data representing environmental quality at Bun-
danon is digitally transformed into visual information and
sound, and communicated by various means: in numerous
artworks; on a website devoted to the project; through GPS
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onto smartphones for mobile users on site at the Bundanon
property.

The environmental portrait of Bundanon also incorporates
the social and cultural history of the region, as it pertains to
its environmental condition. Science meets art in the com-
munication of environmental data through artworks and me-
dia technology. Heavy Metal has been created as part of this
process and invites us to interact with one of Arthur Boyd’s
paintings to discover a hidden world of elements and miner-
als in an experience that is simultaneously chemical, visual
and musical.

The initial concept for Heavy Metal arose after spending
time on-site with Professor Mark Taylor. Mark and his stu-
dents had been surveying the mineral composition of Bun-
danon, looking for traces of human activity that, for exam-
ple, derived from farm and workshop activities, but also
looking for the effects of upstream mining for gold and other
heavy metals.

Elements and minerals lay buried in the landscape tracing
diagrams of human activity. Specks of alluvial gold washed
down to the floodplain from worked-out mountain mine
shafts; existing as mineral auras that reveal the long-van-
ished outlines of farm buildings and the telltale chemical
fallout from workplaces. Arthur Boyd painted this (mineral-
ised) landscape with colours that were themselves formu-
lated from earthy compounds and exotic metals, milled to a
fine paste in linseed oil and turpentine.*

Our intention was to create a map of human activity based
upon this forensic evidence. While we were taking environ-
mental samples, Nigel invited Mark to visit Boyd’s painting
studio and bring along his portable mineral analysis ma-
chine? as it struck him that we may have a great opportunity
for rethinking Boyd’s works. The starting point was that
Boyd was situated in this landscape, painting the physical
features, and using (or making himself) colours that were
substantially minerals (originally extracted from the earth),
thus forming a metaphorical circuit. Mark was surprised by
the massive levels of heavy metals in the materials used by
painters and was keen to collaborate — so we proceeded to
analyse the mineral composition of the entire colour range
that Boyd used and came up with a massive database of min-
erals that corresponded to his palette.



Figure 1. Chemical sampling of studio paints. Image Nigel Helyer.

Figure 2. Chemical sampling of studio paints. Image Nigel Helyer.

The second stage was to sample the Steinway piano at the
Bundanon homestead, note by note. Firstly, we recorded
regular keystrokes; secondly, we recorded the reverberance
of the sounding board resulting in one to two minute sound
files per note. Working with another colleague, Jon Drum-
mond, who is an expert in data sonification, we created a
computer-driven audio-visual system able to read the video
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stream from a camera facing Boyd’s unfinished painting Re-
turn of the Prodigal Son (c1997). The screen interface dis-
plays a highly magnified colour ‘target’ area from the paint-
ing along with the RGB values and the predominant miner-
als present, which are shown as elements of the periodic ta-
ble. The system then translates the stream of mineral data
into sound, which is layered in two components: a general-
ised harmonic chord structure that corresponds to the colour,
overlaid by individual note highlights that illustrate the dis-
tribution of the most prominent minerals. The computer
monitor gives feedback on the area of interest, colour ratios
and a graphical display of the minerals detected.

FIGURE 3. Jon Drummond sampling the Steinway Piano. Image
Nigel Helyer.

The Cultural Theorist Cecelia Cmielewski invokes the pres-
ence of Heavy Metal during its debut in the following lyrical
extract from the catalogue to the Landscape/Portrait exhibi-
tion that documented the When Science meets Art research
project.

Winding toward Boyd'’s studio through the beautiful garden
at Bundanon, with flowering azaleas and orange clivias, un-
der the shade of bright-green deciduous amber trees, the
chord-like sounds of a piano become increasingly distin-
guishable. The sounds do not make a discernible melody
but, once in the studio, they exert an immediate calming and
almost meditative effect. Visitors are intrigued and de-
lighted by this work. Occasionally a high note pops into the
space that jolts the listener into attentiveness. The sound of
a painting - Artists have responded to paintings by playing
music to them, but not until Heavy Metal have they com-
posed music from their material composition.

This work is a genuine collaboration between scientist and
artist. It is rare for such a collaboration to actually be a
creative conjuncture of both disciplines. Usually one is at
the behest of the other. Either the art is used to explain or
‘communicate’ the science or the science is made too simple
by the art. Helyer has a good grasp of many scientific
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principles and has worked with scientists for over thirty
years, the results of which we see in this collaboration.

Heavy Metal is interactive at a complex and conceptual
level. The composition of chord-like sounds (recorded from
the homestead Steinway) is created by a real-time analysis
of the minerals in the colours of an unfinished Boyd paint-
ing, Return of the Prodigal Son (c1997). As a video camera
is trained onto a section of the canvas, the screen displays
the mineral content of the selected colours, in the form of
the periodic table. The image and corresponding sound
change each time someone selects a new section of the can-
vas on which to train the camera. Heavy Metal also brings
together two kinds of science: environmental and computa-
tional.

FIGURE 4. In the studio with Elders from the Wreck Bay commu-
nity. Image Nigel Helyer.

The creative leap of the artist is matched with the precise
methodology of the scientist. Heavy Metal could have been
quite a cold work — simply a digital archaeology of a paint-
ing. Instead, it is a lively work that uses the warm sounds of
the piano and finely calibrated composition to bring the
painting into a new space for contemplation. Heavy Metal
provides participants with different ways to animate a
‘static’ painting. It takes some time for viewers/listeners to
put together what it is that they are experiencing. The sound
is dynamic, based on the elements used in a particular area
of Boyd'’s oil painting.

One little boy of about seven years old knows the periodic
table. He is thrilled to be able to ‘read’ this painting because
each sequence on the screen includes a representation of the
elements from a particular section of the painting. All of a
sudden he is able to correlate his knowledge of the periodic
table with the materials used by the artist. For another visi-
tor, a writer, who does not usually ‘get’ art, the layers of
sound and data provide a way for her to consider the work
beyond that of colour and texture. For some of the men vis-
iting from the Wreck Bay community, the data resonates
with their use of naturally occurring materials used to paint
their bodies for ceremony. Everyone who comes to Site-
works (and there is a large audience) spends time with
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Heavy Metal. The studio stays open for several hours longer
than scheduled, and many visitors come back more than
once. As the sounds from the studio close down, the chorus
of the frogs in the nearby lake take over in the dark of even-
ing at Bundanon.

FIGURE 5. The camera vision system, screen and target painting.
Image Nigel Helyer.

Conclusion - Art Science and the Environment

Heavy Metal, draws upon recent research that has sought to
develop collaboration between art and science, particularly
in the context of technology and the environment. Sidn Ede
has proposed that there is ‘much in contemporary science
that can stimulate art’s flexible, intuitive and visceral re-
sponse to the world’. Ede also argues that ‘the fragile envi-
ronment’ might well become ‘the most crucial matter for the
future concerns of both artists and scientists’. Concern for
the environment has become a central political and artistic
issue in the contemporary world.

FIGURE 6. Detail of the Screen showing target area and Periodic
Table. Image Nigel Helyer.

Recent publications have emphasised the heightened regard
for the environment in ‘eco-aesthetics’, in ‘eco art in pursuit
of a sustainable planet’, in ‘art and ecology now’ as manifest
in ‘land art’ incorporating landscape, earthworks, environ-
mental art, sculpture, and nature-based installation art. Sean



Cubitt has argued that eco-politics is indeed ‘the single larg-
est unifying political discourse of the early 21st century’ Cu-
bitt suggests that artworks can voice the contradictions of
their period, including the role of technology. It may be
demonstrated that ‘not all technologies are instrumental, that
is, used as instruments for domination over nature’. Media
forms and art works may rely on certain technologies to
communicate an ecological sensitivity.

Oratorio for a Million Souls

Introduction and context: Oratorio for a Million
Souls - why Bees?

Why Bees? — There are two main reasons for such interest
— firstly Bees, along with other colonial insects (such as
termites and ants) display striking social organisation — that
since ancient times they have provided powerful metaphors
for human social structures. Secondly Bees have become a
focus species in the public debate about the environment.
Unfortunately the focus upon the threat to Bees; on Colony
collapse and the subsequent effect on food production fre-
quently masks the even wider issues of diminishing Bio-di-
versity in the face of industrial culture; agribusiness and cli-
mate change.

FIGURE 7. A Bombus Terrestris nest. Image Nigel Helyer.

But to return to metaphor — historically the Bee has been
and remains a symbol of good (hierarchical) government —
with a vast population of obedient workers ruled over by a
Queen. In English we still use the terms As busy as a Bee
and A hive of industry as phrases that affirm diligence and
application to a task. Until quite recently the reproductive
cycle of the Bee was a mystery and the Queen was long re-
garded by the Christian Church as analogous to the Virgin
Mary; until it was discovered that she made a single but pro-
longed nuptial flight mating with up to eighty males, retain-
ing their sperm for the duration of her long productive life
— not such a chaste Lady after all!

The workers who make up the vast majority of the hive pop-
ulation, have stood for loyalty, obedience, courage and
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selflessness ~ and much of their behaviour would seem to
support these anthropomorphic metaphors we attach to them
— perfect role models for Nineteenth Century industrial
capital, which like the Monarchy is based upon an autocratic
power pyramid.

However, recent research turns this pyramid image upon its
head. Consider for a moment the behaviour of bees in
Swarming mode. The hive has grown and the colony di-
vides. The outgoing group muster, hanging from a branch
somewhere, seeking a new location. The swarm sends out a
stream of scouts, often over a period of days, who report
back, using methods similar to the bee dance to relay com-
plex qualitative information. Somehow a collective process
is engaged, the swarm considers this growing matrix of spa-
tial data and eventually they fly to the most favoured loca-
tion to begin a new colony. This is not the work of an indi-
vidual mind, it is a product of parallel processing, a natural
neural network, if you like, that has evolved over a 100 mil-
lion years, the hive as super-organism.

FIGURE 8. The Oratorio at Buitenpost Gardens. Image Nigel
Helyer.

European Capital of Culture Leeuwarden 2018

The Oratorio for a Million Souls® was commissioned by the
European Capital of Culture, Leeuwarden 2018 (Nether-
lands). Funded by a European Union Inter-Regional pro-
gramme the project has been realised in three botanical gar-
dens; Dr Kruidhof in Buitenpost (Netherlands) and in Em-
den and Oldenburg (Germany). Each site consists of a
‘green-architectural’ listening space that houses two intelli-
gent bee-hives to produce a four channel immersive sound-
scape in realtime.

The Oratorio for a Million Souls was developed in conjunc-
tion with a citizen science project in which one hundred sen-
sor equipped beehives were distributed to schools in the
Netherlands and Germany with the aim of mapping and as-
sessing the pollen load (or floral productivity) of local ecol-
ogies. This research is taking place in a context which is
commonly referred to as the European “Green Desert” a
landscape which at first glance appears to be verdant and
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productive, but which in reality is the product of high-inten-
sity industrial agriculture that is effectively eliminating bio-
diversity and causing significant reductions in native species
of birds and insects.

The concept behind Oratorio is to create a network of bio-
acoustic listening spaces that allow visitors to immerse
themselves in a world of insect sounds. By entering into the
sonic heart of a Bee-city a visitor can for a moment become
a fellow citizen — meditating at the centre of a sonic me-
tropolis; all working; all buzzing — and taking an empa-
thetic leap that we hope permits some serious thoughts about
our collective effects on the natural environment.

Physically each Oratorio is constructed in traditional wattle
and daub, intricately hand woven willow branches plastered
with a thick layer of Leem with a form based upon the shape
of a traditional woven straw bechive (a Skepp in English).
The structures have a thatched roof reminiscent of the tradi-
tional farming buildings of the region, and this in turn sup-
ports a green-roof — sown with Bee attracting flowers — a
sort of Bee-Helipad! The hemispherical interior of the Ora-
torios provide a special acoustic, similar to that found in the
domed roofs of Cathedrals and Mosques where sound looses
its directionality and forms an omni-directional soundcloud.

FIGURE 09. The Oratorio concert. Image de Kruidhof Buitenpost.

Each of these green architectures contains two sensor hives
furnished with colonies of Bombus Terrestris the common
Bumble Bee®. We employ high definition miniature DPA
microphones’ in the Bee entry ports that are capable of re-
cording the sounds of individuals as they arrive or depart the
nest; as well as a set of large scale piezo contact micro-
phones in the nest area that record the collective activity of
the hive. These two streams of live audio are mixed with
sonifications of Bee entry and exit data which are rendered
as short arpeggios of piano notes; rising upon exit and de-
scending upon arrival, and which become more complex
with the frequency of Bee activity. The arpeggios provide
visitors with a direct sonic index of the intensity of Bee
flight activity as this can only be seen from the exterior or
the Oratorio. Hive temperature is rendered as a series of sus-
tained tones that rise or fall as the temperature in the hive
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varies. The outputs of the two hives are combined into a four
channel live soundscape which is augmented by a screen
displaying realtime data of bee activity and data sonifica-
tion.

The province of Fryslan in the Netherlands and the adjacent
area of OstFriesland in Germany boast many talented town
Brass Ensembles and we were also commissioned to create
a series of musical scores derived from the sounds and data
sets recorded in the Oratorios, that could link each of the
sites. By analysing the harmonic range of hive recordings
we derived a tonal palette that we quantised into an equal
tempered scale. Likewise by analysing the Bee entry and
exit data from a range of the citizen science hives we estab-
lished a temporal or rhythmic framework as well as devel-
oping an overall compositional structure based upon the di-
urnal activity of a hive (which is related to light and temper-
ature).

FIGURE 10. B_Rhapsodie in performance. Image Nigel Helyer.

We created a musical event in which three the Brass ensem-
bles located in Buitenpost, Emden and Oldenburg, collabo-
rated to play a multi-part score via a satellite Video and Au-
dio link-up — a task not without technical or aesthetic chal-
lenges.

Creative Challenges - The Oratorios

Working with living biological systems is always complex
and unpredictable - Bees especially so in terms of handling
nests of flying (and potentially stinging) insects who do not
like being disturbed! This made the work of testing and
mounting microphones inside the hives a physical chal-
lenge. Acoustically the project also had to develop solutions
to prevent feedback within the sound architecture, which
contained the two hives as live acoustic sources. The highly
sensitive DPA microphones embedded in the Bee entry/exit
ports provide an extremely detailed audio stream of flight
and crawling sounds and as they are located on the building
exterior are not affected by the interior soundscape. In con-
trast our early experiments with conventional microphones
placed inside the hive boxes were a complete failure due to
persistent feedback. The interior of the nests produce a range
of relatively quiet, crawling, peeping and contact events
which when employing conventional studio microphones
require too much amplification; the hive boxes themselves



resonating with the sound energy from the four channel
speaker array. The solution was provided by wiring together
two large format Piezo discs and mounting them onto a
small sounding board placed onto the upper surface of the
nest enclosure. This extremely low-tech approximation of a
contact microphone delivered good sound fidelity without
the problems of feedback.

FIGURE 11. A BumbleBee about to enter the Oratorio. Image Ni-
gel Helyer.

Creative Challenges - The Musical Scores

From the perspective of traditional musical aesthetics both
the temporal and pitch structures of the Bee audio and data
derived composition are unconventional. Whilst the three
Brass Ensembles are musically extremely competent but as
our scores do not resemble their normal repertoire this gen-
erated some initial resistance — the score is certainly not an
imagistic representation of the life of a hive (a la Flight of
the BumbleBee) but rather an indexical translation of that
life and activity.

The debut of the composition B-Rhapsodie took place
during June 2018 across the three sites. The collaborative
rendition of the score by three geographically distant Brass
Ensembles was a logistically difficult operation. We had to
carefully synchronise the musicians and deal with the inev-
itable time lag in satellite transmission. Each site could see
and hear the other two distant ensembles — and somehow,
despite cloudbreaks of cold European summer rain trickling
into Tubas and English Horns the concert was a success!

Legacy

In line with the objectives of the European Capital of Cul-
ture, works included in the programme are designed to have
a legacy that benefits and extends the cultural life of the re-
gion. The Oratorio for a Million Souls project and its linked
citizen science collaboration have an ongoing life in terms
of research; public advocacy (for the preservation and
growth of Bio-diversity) and in the very palpable form of
the three Oratorios in their respective botanical gardens
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which are designed to function for at least three years. Each
botanical garden is free to incorporate the Oratorio into its
visitor and education programme giving a new and extended
meaning to the authors original intentions.

Endnotes

[1] Heavy Metal archive
http://www.sonicobjects.com/index.php/pro-
jects/more/heavy metal

[2] The Bundanon Trust NSW Australia https://bundanon.com

[3] Arthur Boyd; One of the first Australian painters to be widely
recognised internationally, specifically in the United Kingdom as
one of the Antipodeans.

[4] Helyer quote from the Landscape/Portrait catalogue 2017. Pub
Macquarie University.

[5] To generate the data programmed into Heavy Metal, we used a
hand-held X-ray fluorescence spectrometer.

[6] Oratorio for a Million Souls archive
http://www.sonicobjects.com/index.php/projects/more/orato-
rio_for a million souls

[7] Leem - a mixture of clay, sand and chopped straw.

[8] The bee nests we used were supplied commercially. In Holland
much of the agriculture takes place in vast green-houses and the
pollination is carried out by Bumble bees who are ‘buzz’ pollina-
tors — using their wing muscles to vibrate pollen from the flower.
[9] DPA 4060 omnidirectional lavalier microphones
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Abstract

Searchlights have been used historically for artistic, mili-
tary, commemoration and promotion purposes. This essay
begins with an outline of the historical uses of searchlights
in international fairs and its deployment in political and
commemorative events on the first half of the twentieth
century. The second part tracks and analyzes the use of
searchlights by contemporary artists who have explored the
use of this medium to create spatial, personal and commu-
nity results. Some artists draw lines in the sky exploring
sculptural possibilities; not a few continue the traditional
uses of searchlights for national celebrations; while others
manage to reveal in their installations the paradoxical na-
ture of reflectors that oscillate between being a tool of vigi-
lance and spectacle.

Keywords

Searchlights; Artificial Light; Surveillance; Installation
Art; Memorial Art; War; Spectacle; Media Art History.

Introduction

The night is the space of obscurity and the unseen, a space
of tensions and vulnerability that with the invention of
electric light somehow dissipated, diminishing the risks
people face in non-illuminated spaces. During the nine-
teenth century, the development of electric technologies
resulted in the gradual illumination of public spaces. This
illumination of entire cities gave visibility to the activities
and relations of individuals, expanding notions of the act of
observation and the phenomenon of being observed, foster-
ing the notion of natural surveillance. With the develop-
ment of electric technologies, such as computer and re-
cording systems, monitoring became common in daily life.
(1]

Searchlights are one of the oldest electric lighting sur-
veillance systems, which initially were manual carbon-arc
lamps, but now work with robotic Xenon or LED lamps.
These powerful outdoor lights have found multiple and
paradoxical uses. Since the late 19" century and the begin-
ning of the 20™ century these have been employed to illu-
minate movements of persons in the theater of war and in
prisons to overwhelm the eyesight of inmates or adver-
saries, to detect warships from the distance, for anti-aircraft
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surveillance and aircraft landing assistance, and in some
places like the US, for detecting migrants at the border.
While they have been used for the aforementioned military
uses to “light up the enemy”, they have also been imple-
mented for artistic creative purposes and commercial ef-
fects: for international fairs such as the Paris Universal
Exposition of 1889 or the Panama—Pacific International
Exposition in San Francisco of 1915, where more than 50
searchlights were used to illuminate the sky at night. Other
implementations include theatre, music, dance spectacles
to illuminate bodies on stage or more recently with con-
sumer and advertising purposes such as the promotion of
cinema premiers, sales, festivals and other special events,
such as memorials and national festivities.

Figure 1. Panama-Pacific International Exposition, 1915, San
Francisco, USA.

Searchlights dance across the sky, illuminating dark
nights, transforming the sky in a scenario. Their paradoxi-
cal nature, at once intimidating, and at the same time visu-
ally attractive, has meant they are often used for artistic
purposes. One of the most controversial historical utiliza-
tions of searchlights for aesthetical purposes is the Licht-
Dom or Cathedral of Light. Created in November the 1"
of 1937 when Albert Speer, the architect of the Third
Reich, displayed for the Nuremberg Rallies the most im-
posing sky projection of those times. Commissioned by
Adolf Hitler, the spectacle consisted in 150 searchlight
columns, separated at intervals of 12 meters, surrounding a
zeppelin field, all making a rectangle enclosure of light. As
Erkki Huhtamo states, this theatrical and massive event



was transformed in an “strangely attractive ‘dark fantasy’,
and perhaps even into a distorted manifestation of the
‘technological sublime’.”’[2] Even the current British am-
bassador declared: “the effect was both solemn and beauti-
ful, it was like being in a cathedral of ice.”[3] This event of
persuasive power served Nazi ideology to impose an image
of infinite mastery that could reach beyond the skies. A
power that was eclipsed years later by invading allied forc-
es.

Paradoxically, eight years later, this victory was visually
celebrated with the memorial Tribute to Victory (1945) in
Los Angeles, with an act reminiscent of Speer’s spectacle.
50 searchlights covered the Memorial Coliseum creating a
multicolored crown, which was accompanied by detona-
tions referring to the atomic bombings. [4] Searchlights
since World War II became a tool for celebrating power
and victory, and their rays a political message in the sky to
be seen by many, as a sign of control.

Figure 2. Tribute to Victory, 1945, Memorial Coliseum, Los An-
geles, USA. ©Bettmann/CORBIS.

Drawing lines in the sky in the vastness of the night,
searchlights attract and spot attention. Artists have exploit-
ed their condition of being visually attractive and have
used them in celebrations, festivals, and exhibitions with
various connotations. Below, I discuss the work of some
artists who have utilized searchlights’ unique and powerful
capacity to lend an eye on specific things, persons and is-
sues, using aesthetic, social and historical discourses: For-
rest Myers, uses beams capability to built space in the sky;
Ryoji Ikeda continues the tradition of using lights for polit-
ical conmemorations; Rafael-Lozano Hemmer and
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Krzysztof Wodiczko use reflectors to draw attention on
memory and social issues; and Marie Sester effectively
highlights the dual nature of light beams between spectacle
and vigilance.

Lighting Drawings: Forrest Myers

Some artists have used searchlights to create public art
installations that intend to transform their intimidating
function into an aesthetical and connective one. Antithet-
ical to Speer’s intentions was the Searchlight Sculpture
(1966), by Forrest Myers, an American sculptor that was
member of E.A.T. (Experiments in Art and Technology), a
New York based group that during the 1960s and 70s ex-
plored collaborative and innovative forms of work between
artists and engineers. [5] Myers’ colossal nighttime sculp-
ture which was presented at Tompkins Square Park in
New York in 1966, at Union Square in 1969, at a park in
Fort Worth in 1979  consisted of four searchlights sited at
four different corners of a public space. The projected rays
converged at a point, drawing a colossal pyramid over the
sky, a geometrical composition exploring the formal sculp-
tural possibilities of light beams, and its possibilities for
constructing alternative space in the sky. In 1967, Myers
proposed a searchlight sculpture to David Rockefeller,
consisting of four searchlights surrounding the footprints
of the two World Trade Center towers, creating a light
frame while the buildings were under construction. At the
end this project, which melted art and advertisement, was
not concluded because of its high costs, but coincidentally
years later in the 9/11 Tribute of Light memorial, search-
lights illuminated that same space, echoing the footprints
of the lost towers.

Figure 3. Forrest Myers, Searchlight Sculpture, 1966, Tompkins
Square Park, New York ©Forrest Myers.
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National Memorials: Ryoji Ikeda

Exploring light as an sculptural material for creating aes-
thetic memorials is Ryoji Ikeda’s Spectra (2000-14), a se-
ries of public art installations that the artist has presented in
different cities of the world (Buenos Aires, Hobart, Shar-
jah, Paris), all using light to create spectacular or, in words
of the artist, “unearthly” environments. [6] The Mayor of
London, commissioned the latest in 2014, for the remem-
brance of the First World War. The installation located at
the Victoria Tower Gardens was similar in form and shape
to the aforementioned Tribute to Victory (1945). It consist-
ed of 49 xenon searchlights, arranged in seven rows of
seven lights, beaming 15 miles upwards to the sky during
seven days. Ikeda also composed a soundtrack to accom-
pany the installation, with waves of sound mixed with soft
beeps. The lights were visible from different parts of the
city. From the distance the installation functioned as an
imposing column that illuminated the night sky, but once
inside, following conventional memorial aesthetics, it
turned into a contemplative space. Spectra in London, used
searchlights for the expansion of the senses in public open
spaces, but also worked as a space in which art, politics
and media fusion for civic and national boosterism, result-
ing in art produced and used as spectacle with a sensational
and massive impact.

Figure 4. Ryoji Ikeda, Spectra, 2014, London, Victoria Tower
Gardens ©Tom Thorpe.

Voices of Light: Rafael Lozano-Hemmer and Krzysztof
Wodiczko

Many artists have used searchlights for lighting up social
issues, and for giving voice to people. The use of artificial
light for police and military purposes has always fascinated
Rafael Lozano-Hemmer and his enthusiasm is articulated
via the deployment of searchlights in many of his works
but for using them in another form of fighting. Inserted
into the artistic strategies based in participation, communi-
cation and exchange, giving voice to people, are many of
Lozano-Hemmer’s works. Particularly effective was Vec-
torial Elevation (1999), a celebratory piece commissioned
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for celebrating the year 2000 in Mexico City, in which
people controlled the searchlights and send messages in an
uncensored way. Commissioned by the Centro Cultural
Universitario Tlatelolco of the National University of Mex-
ico (UNAM) for the historical commemoration of the 40th
anniversary of the student massacre in Tlatelolco [7], Voz
Alta. Relational Architecture 15 (2008) consisted of a pub-
lic art installation and performance where the artist placed
a megaphone in the public square where the bloodshed
occurred. Survivors’ testimonies and participants’ thoughts
were transmitted live through speakers. Three 10kW
searchlights that were installed at the top of the Centro
Cultural Universitario Tlatelolco transmitted and translated
their voices into light beams while they talked. The search-
lights pointed to different directions, covering the greater
part of the city on a clear night. When no one was partici-
pating, the megaphone played both past recorded memo-
ries, as well as interviews with some intellectuals and poli-
ticians analyzing or reflecting on the event. Any person in
the city interested could listen live to what the lights were
saying by tuning the University’s radio station. So for
those informed about the project the lightings would have
some meaning, but for others it probably was perceived as
a distant lighting related with a promotional event.

Figure 5. Rafael Lozano-Hemmer, Voz Alta. Relational Architec-
ture, 2008, Mexico City, Centro Cultural Universitario Tlatelolco
©Antimodular Research.

Voz Alta can be connected to Krzysztof Wodiczko’s
project titled The Tijuana Projection (2001) realized in
the eponymous city located at the Mexico-United States
Border with women workers at maquiladoras or assem-
bly factories spoke up about a variety of issues of which
they were victims, including domestic violence, misogyny,
sexual abuses or work exploitation. To narrate these sto-
ries, participants used a specially designed headset with a
microphone and a camera that was connected to loud-
speakers and two projectors that transmitted both their tes-
timonies and their images on the circular facade of the
Centro Cultural Tijuana. Wodiczko’s site-specific work,
and therefore Lozano-Hemmer’s echo, uses light as a very
suggestive and malleable material that offers many possi-
bilities and forms, enabling the expansion of body limits



into the public sphere, giving them a sense of visibility
through projection onto the city’s buildings and the sky-
line. The works also illuminate people’s voices by opening
a space for participants to express freely, in a completely
uncensored way, their opinions and issues that concerned
them, functioning as a contingent space for social catharsis
and resistance to unlock abuses in the darkness of silence.

Between Vigilance and Spectacle: Marie Sester

If there is a work that intentionally and effectively plays
with the paradoxical nature of reflectors is Marie Sester’s
Access (2003). Her installation consists of web, computer,
sound and lighting technologies that allow web site users
to track persons in public spaces with a robotic searchlight.
The people cast by the searchlight-like eye can move from
one side to another of a room and the light will follow their
path. The reactions of the people are varied: some run,
dance, move backwards or forward unsuccessfully trying
to avoid the beam or attract it. While this happens an
acoustic beam, projects audio that can only be heard by the
person: it gives instructions to people on how to move, and
informs them that thousands of people are watching them
online. The web users do not know that their actions trig-
ger sound towards the target, and the individual tracked
doesn’t know who or why they are tracked creating an am-
biguous communication. Access reveals how visibility,
vigilance and control can be really ambiguous, and exalts
the clear lines dividing observer from observed. But over-
all, the piece shows searchlights as a playful and intimidat-
ing material, which connotations are dependent not only on
their implementation but also on personal perception.

Figure 6. Marie Sester, Access, 2003. ©Marie Sester

Conclusion

If light was used in the early nineteenth century to maxim-
ize the visibility of private activities of individuals, and in
the first half of the twentieth century to display political
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power in political events, today searchlights are a polysem-
ic tool that illuminates people, objects, buildings, institu-
tions and history itself. Originally created for control, polit-
ical and military purposes, searchlights have been subvert-
ed by artists, who have managed since the 1960s to use
them as tools of resistance or as a democratizing element.
This is because light has an effective and affective power
that can reveal things; and reflectors have become a recur-
sive element to address things that because it’s everyday
condition can become invisible. Artists or activists have
extended the use of reflectors, transforming them into a
valuable resource that fosters community experiences or
that draws attention to social discomforts, thus proposing a
new ontology of these objects, currently associated with
war, vanity and spectacle.

However there are works, although interesting aesthetically
and formally, that continue to be aligned with commemo-
rations and government organizations of nationalist dyes,
and become simple spectacle, an attractive merchandise for
the masses that more than interrogate accommodate them-
selves in the institutional mechanisms of control and power
that foster them. The visibility of reflectors is always at-
tractive and they will be always used for nationalistic pur-
poses, but it is only by converging in an open and congru-
ent way with social and political concerns that artworks
using searchlight become not only attractive but critically
engaging, and this is the only way in which they can
somewhat mitigate the policies of seduction, control and
vigilance that reign in today's society.
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Abstract

My research-creation on invisible animals explores what is
invisible in the visual realm in order to explore immanence,
power, and non-visual knowledge. Utilizing digital technol-
ogies, I create media artworks that I think about as being
transformational objects, objects that can shift us into new
ways of perceiving. The leap of perception through these
media art experiences changes our understanding of the
world, challenging notions of the utility of animals and the
function of technology. My work offers an ethics of care as
liberation from instrumental rationalism.
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Introduction

My art practice (or research-creation) plumbs what is invis-
ible in the visual realm in order to explore immanence and
non-visual knowledge. Utilizing digital technologies, I cre-
ate transformational objects that shift us into new ways of
perceiving. The art objects, or interfaces, confront the user
with new experiences that crystallize new perceptions. This
leap of perception through an art experience changes the
viewer’s understanding of the world. To accomplish these
ends, I engage research-creation methodologies in video,
media art, animation, writing, installation, sculpture, and
drawing.

I have been drawn towards expanded animation for its
inherent ability to suggest the flight of the imagination, and
to irritate the rupture between what is actual and what can
be represented. [Figure 1] Technology offers platforms, in-
terfaces, and experimental tools that can exceed a single
channel video experience; moving images in expanded ani-
mation further complicate, destabilize, multiply, and perfo-
rate the boundaries of a single screen. My recent expanded
animation explores the unseen-yet-apparent through site-
specific media art in public venues. I create digital inter-
faces, installations, and situations in which the public can
engage with new media that addresses their place in the

world. This way of working allows me to create an art ex-
perience through emergent technologies that connect to our
very localized, specific, sensory ways of being in the
world. People, animals, technology, and the landscape
combine in magical surprises.

Figure 1. Donna Szoke Invisible Histories Installation. 2012

Recently, nonhuman animals, or more accurately, invisi-
ble more-than-human animals have been emerging in my
practice. What is the invisible animal in contemporary Ca-
nadian art? Having grown up partly in the remote wilder-
ness of northern Manitoba, my childhood was filled with
very real animal presences. At this contemporary moment,
an unprecedented destruction of animal species and animal
habitats is taking place globally under the twin engines of
political indifference and unfolding ecological disaster.
This ecological disaster is largely the direct result of the
endless consumption of the “capitalocene”. [1] In Donna
Haraway’s instructive wordplay, capitalocene critiques the
concept of anthropocene as a continuation of white su-
premacist, heteropatriarchal, European enlightenment val-
ues in its universalizing language. As Zoe Todd notes, the
concept of anthropocene eclipses key differences in who is
actively driving planetary ecological demise, and further-
more, who is engaged in its privileged discourse. [2]

What are the inspirations, currents, and political under-
tows in imaginary, invented, fabulated, hallucinatory, or

Proceedings of the 25th International Symposium on Electronic Art



ISEA2019, Lux Aeterna

ghostly animal presences? Do these presences evoke an
ethics of the virtual? How do invisible animals, as imma-
nent forces, exert new perspectives into the discourse of
animals in art?

What’s the use of an invisible animal? If we imagine
ourselves as just rational cogs in a rational order, then we
are merely the living entrails of a mechanistic imagination,
locked within a meaningless machinic phylum. Digital cul-
ture can follow this mindset, interpolating users into a bi-
nary vision of leisure or work. [3] In this system what we
understand as our self-definition through leisure or work is
in fact a loss of lived, personal time, in an impersonal en-
actment of the system’s predefined actions of its general
users. [4] Following only the logic of program rationality
at the exclusion of the rest of our abilities, we become ab-
stract, disembodied from what makes us each uniquely dis-
tinctive. [5] We become ever obedient nodes in an infi-
nitely addressable universe. This type of so-called digital
interactivity can only further our servitude in the self-re-
porting loop of consuming-as-surveilling in the attention
economy. Fabulations and spectres promise extra-nodal
liberation from this digital servitude. How does a ghost, sé-
ance, or hallucination promise emancipation from the ra-
tional world of modernist vision? Invisible animals and
other hallucinatory beings offer a leap of the imagination
out of the systematic impoverishment of the machinic/digi-
tal phylum.

In 24/7 Late Capitalism and the Ends of Sleep, Jonathan
Crary gives a brief analysis of Andrei Tarkovsky’s 1972
film Solaris. Scientists inhabiting a spacecraft, locked into
an illuminated 24/7 world suffer from chronic insomnia,
and this constant light exposure leads to cognitive break-
down. Hallucinations and ghosts become their companions
in a world whose sensory impoverishment leads to a blur-
ring between dreaming and waking. It is precisely the hal-
lucinations and ghosts that have made their impossible sit-
uation bearable. Once acknowledging these ghosts after re-
peated denials of perceiving them, the acknowledgment of
one’s hallucinatory perceptions becomes a gateway itself
towards liberation or freedom. [6]

In my work with invisible animals, I’m particularly
struck by Derrida’s concept of hauntology. Hauntology
deals with a central paradox in which a spectre exists but is
also neither being or non-being. [7] As another type of as-
sault on instrumental rationalism, that which haunts is par-
adoxically both a return from the past and yet, is also a
spectre, a possible vision of the future, of what has not yet
existed but yet still could return to haunt us. [8]

My invisible animal work began in 2011, when I was in-
vited to a collaborative design charrette at University of
Buffalo integrating my Brock University undergraduate
visual arts students with theatre design students from the
University of Buffalo. Thematically, the collaboration ses-
sions dealt with our mutual terrain of Niagara Falls and our
work was to research and explore this shared landscape
then respond in design.
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During the research phase, I came across the astonishing
fact that 270,000 radioactive mice are buried at the Niagara
Falls Storage Site near Lewiston, NY, as a result of atomic
weapons research. The Niagara Falls Storage Site houses
nuclear waste from the Manhattan Project and is sited 32
kilometers north east of Brock University where I teach.
The irradiated remains of 270,000 mice are interred in lead
and concrete, accompanied by scores of other irradiated an-
imals including cats, dogs, and monkeys. Most Canadians
are oblivious to the proximity of the Niagara Falls Storage
Site because it is over an invisible political border, housed
in the nearby United States. Like the Underground Rail-
road, which features greatly in our local history, these in-
terred radioactive mice operate as a secret and hidden his-
tory of the area. I created the video installation by 3D ani-
mating a green glowing mouse running back and forth, and
then installed this animation in a single channel video loop.
Using a tiny Qumi projector, the video is rear projected
onto rice paper at approximately mouse scale. The diminu-
tive mouse haunts the gallery floorboards. [Figure 1, 2]

Figure 2. Donna Szoke Invisible Histories (installation) 2012

In 2015 I turned Invisible Histories into a mobile phone
app. The app uses my original concept drawing as its icon,
and multiple iterations of the 3D mouse animation, ren-
dered so we look down upon the running mice from an
overhead perspective. [Figure 3] The app is geo-locative so
as the user gets closer to the epicenter of the Niagara Falls
Storage Site, more and more glowing animated mice flood
the mobile, running toward their grave. Like the Pied Piper
gone wrong, the haunting mice lead us directly toward
their toxic radioactive remains. Viewers immediately re-
spond to the app’s affront to the general logic and utility of
mobile apps: it takes us towards what we desperately wish
to avoid. Generally, once introduced to the app, most peo-
ple choose not to download and install it, instead relegating
awareness of nearby nuclear waste to the fringes of their
consciousness. Its inverted, repulsive logic plays against
the utility promised by mobile functionality. Knowing
about the app is the app’s largest function, and in this way
the project is more of a conceptual artwork.



Figure 3. Donna Szoke Invisible Histories (Mobile app) 2015

The work exists as a type of anti-monument or “nonu-
ment.” [9] It engages the mice as a missing spectacle in the
Niagara Falls Region—a landscape of otherwise extrava-
gant sites. New media becomes an avenue for marking,
memorializing, and re-activating history. As activist art, it
nods to critical animal studies, and questions the ways in
which we engage, abuse, and memorialize nonhuman ani-
mals. It invites the viewer to visualize hidden historical
outcomes, and hopefully by extension, to imagine other
presents, and other futures.

Throughout creating this project I kept thinking about
how the irradiated mice of nuclear weapons research oc-
cupy multiple invisibilities in a Marxist sense: the mice are
the dispossessed material outcomes that are containers of
their own alienated labour; as alienated workers, the mice
continue to work, through their radioactive remains that
outlast the bomb product they helped create; the mice are
unwitting consumers of nuclear war, consuming their own
alienated labour through their own alienated worker-body
remains. How does the material waste of animal bodies
haunt consumer objects? If we think of George Bataille’s

reading of Marx, the mice are an unproductive expenditure.

[10] The narratives of utility, guided by instrumental ra-
tionalism, produce these by-products or unproductive ex-
penditures such as war, pollution, and these irradiated
mice. In Sontag’s reading of Bataille, there are no purely
unproductive expenditures. [11] These mice are produc-
tive-non-productive expenditures, as they petition our em-
pathy. Therefore, the mobile app’s true utility is that it
gives us the opportunity to respond to these mice with a
community of mourning, a politics of care, that has real
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lived outcomes. This is an ethics of the virtual. If we criti-
cally engage with mobile app functionality, we can create
opportunities to newly perceive and enact an aesthetics of
care.

Figure 4. Donna Szoke Alfred Waits (site specific video) 2012

Many of the world’s spiritual traditions posit that what we
see of the world rests on an unseen and meaningful order.
Besides the invisible as the realm of the mystical, the invis-
ible is also the realm of power in contemporary life. The
degree to which one is able to make one’s self and actions
visible or invisible is in direct correlation to one’s power.
The most important global events are relatively invisible
and difficult to capture into images. The current scale of
animal atrocities is difficult to envision as a whole but can
be intimated through individual instances.

Alfred waits is a site-specific video commissioned by
HERE 2012, a public media art project. [Figure 4] HERE
2012 located work by 40 artists via QR codes installed at
40 historic sites in the Niagara Region of Canada. I chose
the historic battlefield of 1812 where General Brock died
as [ was appalled by pro-military accolades on the local,
provincial, and national level as we neared the 200" anni-
versary of the War of 1812. During my research, I learned
that General Brock rode his horse Alfred into battle, and
while Brock was killed, Alfred fled the scene alive. An-
other soldier then mounted Alfred, rode him back into bat-
tle, and Alfred was killed. I was fascinated by the cruel
irony of Alfred’s plight, and imagined his disorientation at
having to navigate a battle while being ridden by a
stranger. | imagined a small moment in which we just wit-
ness an imaginary Alfred, and Alfred is simply given the
equal footing of watching the viewer back. I went to “The
Last Chance Horse and Pony Rescue” in Fort Erie, ON and
videoed their first rescue, and still pack-dominant horse,
Floyd. I then rotoscoped each frame to animate the footage
and placed the animation overtop of an image of the his-
toric battlefield. These frames are individually hand drawn,
in simple line drawing, recreating Alfred as both historical
fact and as an artist’s rendering. This work is sited using
QR codes, so that one can simply go to the historic
Queenston battle spot, encounter the QR marker, and
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launch the video on a mobile device while one stands on
the spot where Alfred would have died. In this work I use
digital technologies as magical and irrational mediums, to
conduct an imaginary glimpse of Alfred, who glimpses us,
bending time and space. Viewers often remark on the un-
canny nature of this work, as the simplicity of the line
drawing seems at odds with the accuracy of gestures, such
as the tiny ear flicks. I continue to explore rotoscoping for
the uncanny valley it resides in, a strange conjoining of
live action, animated images, and inanimate images.

The atrocities enacted upon animals in the course of
warfare are often elided in war histories. I think of Franz
Marc and his visionary paintings of horses created on the
eve of, and during, World War I. Initially his horse paint-
ings suggest bucolic spaces and idealized forms, such as in
The Large Blue Horses from 1911. [12] Conversely,
Marc's painting Tierschicksale (Animal Destinies or Fate
of the Animals) was completed in 1913 when war was im-
pending in European. [13] On the rear of the canvas, Marc
wrote "Und Alles Sein ist flammend Leid" ("And all being
is flaming agony"). [14] While serving in World War I,
Marc wrote to his wife that he could hardly believe he had
created the painting and its premonition of the destruction
to come. [15] Fighting Forms from 1914 is perhaps my fa-
vourite of these visionary works as the animals have been
abstracted into the pure forces. [16]

Horses have always loomed large in my imagination. As
a Mongolian-Hungarian Canadian, I'm the first generation
to not know horse-handling techniques that have been
handed down for centuries. These horse-handling skills al-
lowed my family to immigrate from Hungary to the US,
and then to Canada. In a sense, it was the horses that al-
lowed my grandmother, a Hungarian Jew, to live in Can-
ada, spared from World War II in Europe and the Shoah
that claimed her entire extended family, save for one
cousin hidden in Odessa. It is an amazing experience for
me to bicycle in rural Hungary on the same ancient path-
ways that would have borne my ancestors on horseback.

I use digital technologies to create moving images of
things that cannot be simply captured by a camera; I use
projection-based and screen-based technologies, not to
show an image of what was once before the camera, but to
create a space for co-presence. [17] Hannah Arendt pro-
poses a concept of natality: New beginning is inherent in
birth therefore the newcomer can begin anew, that is, they
embody an inherent capacity for new action. [18] Arendt
places natality as potential in all human activities. She cen-
tres these actions of the radically new as the political par
excellence, and therefore casts natality as the central cate-
gory of politics, not metaphysical thought. [19] This idea
echoes the notion that in projection we might be dealing
not with vanishing, but with the moment of becoming. In
this shared space we can newly consider our shared em-
bodiment and empathy through projection as a medium of
co-presence. Co-presence allows us a way to inhabit a
shared space of the aesthetics of care.
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Media art can create pathways for making non-linear as-
sociative leaps beyond physical reality. Like cinema, me-
dia art can be poetry’s agent. [20] Rather than only media-
tion, media art offers the possibility of an experience or en-
counter. The nature of experience cannot be fully articu-
lated, it is lived, embodied, and it sings out in our silence.
The unseen, the silent unsaid, gives rise to the very impulse
to make art, to articulate, to push up against the limits of
representational systems.

I work with time-based media because our primary rela-
tionship to perception is not to measured time, but to lived,
irreversible time. As Laura Marks notes, lived irreversible
time is truly a re-enchantment of the world, as we live in a
present where we can bring about actions that create previ-
ously unforeseen outcomes. [21]

Figure 5. Donna Szoke Midst (Video installation) 2019

The video installation Midst creates a mysterious image,
meant to invite the viewer to experience non-human animal
presences--or rather, their urban absences. [Figure 5] The
image suggests that large shadowy bison pass through fog,
visible momentarily. Bison that once would have been
populous across much of Canada seem to have temporarily
reappeared. To create Midst, | constructed a 2.5-meter fog
wall comprised of eighty computer fans, aeronautic honey-
comb, custom electronics, a fog machine, a projector, and a
4K animation loop. Again, uncanny rotoscoping conveys
both accuracy and abstraction in the ghostly animal bodies.
The fog manifests the bison’s ethereal presence at life size.
Ethereal, abstract, and somehow real, the fog bison enact a
magical moment of their manifestation. Most viewers re-
spond to this work with words like “magic” and “wonder.”

As site-specific media art, new technologies are em-
ployed to destabilize the familiarity of public space. How
does the presence of the non-human animal transform pub-
lic space in the experience of the viewer? Midst questions
our relationship to natural spaces, inviting our imaginations
to repopulate those spaces. It prompts the viewer to engage
in questions of embodied perception and the fluidity of
lived experience.

Issues of encroachment of cities into rural spaces raise
questions of animal rights. Do animals own the wild spaces



that they depend upon for life and sustenance? Within sys-
tems of property rights through capitalism, animals have
no land rights. How does the reality of the disposability of
animals fit within the mainstream Canadian psyche, one in
which mythical ideas of nature predominate? How do we
rethink what it is to be an animal beyond being another dis-
posable body for the interests of advanced capitalism?
How does a celebration of an animal shift the values of a
global, technological world? Media art allows a unique
phenomenological experience to address encroachment of
urban dwellings into wild spaces, disappearance of large
animal populations, and animal land rights. In an interna-
tional context this work speaks to the urgency to recognize
animal rights in our current eco-crisis of habitat and spe-
cies loss.

Figure 6. Donna Szoke Shot / Counter Shot: Self Portrait as a
Mother (Editioned print) 2018

Shot / Counter Shot: Self-portrait as a Mother was com-
missioned by the Grimsby Art Gallery for the project Rip-
ple Effect in which the gallery invited 5 artists to create
new work in response to a piece in their collection. [Figure
6] This print was made in response to Lupe Rodriguez’s
wonderful painting, The Arrival of Liam (1985). [22] I was
struck by Lupe’s sense of colour in the painting and her
choice to use the image of a bull to represent herself as a
mother. She made the work after the birth of her second
child, and I pondered her painting 3 ' years after the birth
of my second child. After spending some time with the
painting, I continued to ponder the work. What does it
mean to select a bull, obviously male, to represent a
mother? I loved the idea of the force of motherhood as be-
ing something beyond gender. When I think of Lupe’s im-
age, I feel it does work as a representation of motherhood
as I too feel like I am massive, barely tamed, a more-than-
human-animal able to erupt into sheer force at any sec-
ond. Suddenly it seemed obvious that my image needed to
be an almost filmic response to Lupe’s image. In narrative
film we see the shot / counter shot strategy where the cam-
era peers over the shoulder of a character toward a second
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character. In the next shot the camera looks back at the first
character in an almost perfect 180-degree axis. This suture
is magical: we transcend time and space, pinning two char-
acters into a fictional exchange. My bison is looking back
at her bull.

At the outset of this project, I searched online for bison
subjects to rotoscope and found image after image of dull
eyed farmed bison. At last an image popped up of a bison
intensely alive. It was a portrait of a bison reintroduced to
wild herd in Jasper National Park. I like to imagine the
print in Europe where the image of a newly re-wilded bi-
son can rest on the soil of the extinct European bison,
hopefully inspiring its invisible and long-lost kin.

I have lived with both real and imaginary animals
my entire life. In my approach to the invisible, ghost, or
fabulated animal, I try to create a space that doesn’t de-
mand optics. Invisible animals retain the ability to not be
completely knowable, to not be fully divulged. Freed from
constant material identification, they are free to inhabit the
immaterial values historically assigned only to humans.
They are able to haunt, to appear and reappear at will,
to manifest as a hallucination or ghost, and to have a privi-
leged interiority. Invisibility is not a dismissive relegation,
as if a subject or object can only exist or not exist in a bi-
nary state. Rather, the continuum between visible and in-
visible speaks not just to the thing-ness of the world but to
human perception itself. Invisibility is not a failure of per-
ception, but rather, it is a freeing of the imagination, a lib-
eration of consciousness. The ability to be beyond percep-
tion is the very nature of animals, to exist beyond our un-
derstanding.
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Abstract

This paper presents BeHAVE, a web-based audiovisual piece
that explores a way to reveal my mobile phone use behavior
through multimodal data representation, considering the con-
cept of indexicality in data visualization and sonification. It
visualizes the spatiality and overall trend of the records of my
mobile phone use as a geographical heatmap visualization and
a heatmap chart. On top of that, BeHAVE presents a mode for
temporal data exploration to make a year of data perceivable in
a short period and represent the temporality of data. Based on a
microsound synthesis technique, it also sonifies data to simul-
taneously evoke visual and auditory perception in this mode.
As a way of indexical visualization, BeHAVE also suggests an
approach that represents data through mobile phones simulta-
neously by using WebSocket. Ultimately, BeHAVE attempts to
not only improve the perception of self-tracking data but also
arouse aesthetic enjoyment through a multimodal data portrait
as a means of self-representation.

Keywords

Self-representation, quantified self, mobile phone use behav-
ior, data art, multimodal data representation, visualization,
sonification, indexicality, heatmap, WebSocket, WebAudio

Introduction

We have been representing ourselves to understand person-
ality, improve behavior, or share personal experiences with
others in various forms, such as self-portraits, autobiogra-
phies, memoirs, and diaries. In a digital world, as Ret-
tberg [18] insists, self-representations can be categorized into
three modes: written, visual and quantitative. Blogs, selfies,
and self-tracking data gathered from sensors can be consid-
ered an evidence for each mode.

Especially, the quantitative self-representation has been
growing over a decade due to advance in self-tracking tech-
nology. As mobile and wearable devices have become more
accessible to people, collecting data about oneself and one’s
daily activities has also become easy. This change has given
rise to the Quantified Self (QS) movement! that has the slo-
gan of self-knowledge through numbers. In the era of QS,
with the use of self-tracking devices and applications, auto-
matically measuring our activities or status as numbers and
sharing them are becoming commonplace. By looking at

'http://quantifiedself.com
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numbers about ourselves, we might be able to understand our
lives better, become more productive and healthier, and feel
the please of control as Benjamin Franklin, before the digi-
tal era, tracked his habits with pens and papers based on 13
virtues for arriving at moral perfection [18, 27].

In terms of making sense of self-tracking data, however,
quantifying oneself can be a self-representational purpose.
We can not only see ourselves through data but also express
ourselves like a self-portrait by representing data in diverse
ways. There has been an increasing number of researchers
and artists that try to depict themselves by using self-tracking
data and attempt to elicit aesthetic curiosity in representing
data [27, 1, 15, 24]. Donath [7] suggests to call these repre-
sentations ‘data portraits’ that function as data mirrors, show-
ing patterns in data as a tool for self-understanding and evok-
ing the impression of its subject like traditional portraits.

Visualization and sonification both can be used as a main
tool in making a data portrait. Visualizing data can help a
person reveal a story of data and perceptualize data for oth-
ers, meanwhile, data sonification can generate knowledge
about the subject of data, using non-speech sound to con-
vey data. Whereas visualization exploits our visual percep-
tion that is more spatially adapted and optimised for under-
staning static phenomena, sonification takes advantage of the
ability of acoustic perception to recognize temporal changes
and patterns [6]. Simultaneously presenting these two rep-
resentations, multimodal data representation can enhance the
perception and understanding of data with multisensory stim-
uli. If aesthetics is about sensuous perception, the multimodal
data representation can be seen as a form of data art that pur-
sues an aesthetic goal, not to mention its pragmatic purpose in
terms of information design [3]. In light of this, multimodal
representation of self-tracking data can not only disclose the
unexpected aspects of ourselves but also express ourselves
aesthetically as a data portrait.

As a continuation of the previous study [2] that focused
on visualization and sonification techniques based on a mi-
crosound time scale, this paper presents BeHAVE (Behav-
ioral data as Heatmap-based Audio-Visual Expression) with
the extended discussion of the concept of indexicality in data
representation to explore a way to depict my behavior of mo-
bile phone use as a form of multimodal data portrait. Particu-
larly, it explains an indexical visualization approach that uses
mobile phone screens as an additional channel to express the
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Figure 1: BeHAVE interface

context of data and facilitate audience engagement.

Background
Mobile Phone as the Extended Self

Technologies have been affecting how we perceive the rela-
tionship between ourselves and media or devices, which are
byproducts of technologies. For this relationship, McLuhan’s
pioneering interpretation that media are the extensions of hu-
man senses is still applicable in the digital era. [14]. Espe-
cially, mobile technologies have become an important part
of our lives as they are capable of representing an extension
of our physical selves, functioning as comfort and intimate
objects. [10]. This psychological perception, causing mobile
phone attachment and dependency in the technology-driven
society, can be also explained by Belkin’s the Extended Self
Theory that one’s possessions can become an extension of
oneself [4, 5].

In this context, representing mobile phone use behavior as
a data portrait to understand and express ourselves can give
an impression about our physical selves captured through an
extended digital body although self-tracking data could be
considered as just discrete snapshots of ourselves in time and
space dimensions. As a self-experiment, BeHAVE attempts
to portray my behavior through the multimodal representation
of self-tracking data about mobile phone use, considering the
data as a means of self-expression.

Mobile Phone Use Data

To obtain my phone use behavior data, I have used an active
screen time tracking iPhone application ‘Moment’?, which
detects where and when a user turn on or off her/his phone
screen, since January 20, 2017. This app also exports all
phone use records as a JSON format file that includes a daily
using time in minutes, the number of pickups, a location, date,
and duration in seconds of each pickup, and most used apps
based on apps’ battery consumption. Here, a pickup means
each moment when a user unlocks her/his phone screen.

BeHAVE uses one year of data which has the records of
total 11,367 pickups and the file size of 5.6 Mb. In statisti-
cal terms, the minimum, maximum, mean, and standard de-
viation values of the phone use duration are 0.017, 283.667,
6.243, and 14.465 minutes, respectively.

Behavior Data and Multimodal Representation

A variety of research has been conducted to represent phone
usage data for an analytic purpose. Kang et al. [12] introduce
2D and 3D graphic representations of millions of raw mobile
call records in a city in China to understand the dynamics
of individual mobility patterns. Kaewoni et al. [11] present
a visualization tool for mobile phone usage data of Portugal
with flow and intensity modes that display a different 3D an-
imation on the Portugal map according to each mode. Ville
Vivante? is the City of Geneva’s visualization project that il-
lustrates 2 million mobile phone calls during a single day in

Zhttps://inthemoment.io
*https://villevivante.ch
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Geneva for the purpose of citizen science and urban planning.
However, these works only deal with the behavioral data of
the anonymous public merely based on a visual representa-
tion.

There have been various attempts to render temporal and
geo-related data either visually or sonically. In terms of soni-
fication, whereas iSonic [28] is a practical example that trans-
forms georeferenced data into non-verbal sounds to make
visually-impaired people recognize trends of data, COM-
Path [16] has a focus on the musical sonification of geo-
related data which is plotted on an online map and converted
into OSC or MIDI messages to create sound. Similarly, in
one of his works, Two Trains*, Foo attempts to reveal income
inequality through musical sound by sonifying income data
along with the New York City subway lines. Besides these
works that focus on sonification, there are also several exam-
ples of multimodal data representation. Rosli [21] suggested
a multimodal data representation approach that sonifies and
visualizes NASA’s lightning data, based on the principles of
Gestalt Psychology. Han and Tiwari [9] explored a way to en-
hance the perception of California drought data by combining
a sonification technique with diverse visualizations.

BeHAVE suggests an approach to represent phone use be-
havior data in a multimodal way that visualizes and sonifies
the data simultaneously. On top of that, it represents the mo-
bile phone use data via a mobile phone as an indexical visual-
ization approach not only to frame the context of data through
a medium that generated the data itself but also to allow au-
diences to take part in the piece and more closely experience
the data. With this approach, it aims to depict my behavior as
a form of data portrait and evoke the aesthetic perception of
data through multimodal representation.

Design
Indexicality in Data Representation

Figure 2: A spectrum of data representation (adapted from
Keefe et al [13]). The closer the data representation sits to
the left end it is more driven by artistic freedom, whereas the
closer it is placed to the right end it has more the focus on
clear representation which tightly connected with data.

As Donath [7] points out, data portraits could be difficult
for the audience to infer meaning because of the abstract na-
ture of data or its representation that has no everyday famil-
iarity, compared to traditional portraits that use personal pos-
sessions and the structure and expression of faces as a vi-
sual language to evoke an impression. On the other hand, in
the fields of data-driven art or artistic InfoVis, artists could
emphasize this nature with the use of defamiliarization tech-
niques in their works to prompt reflective insights [17]. A

*https://datadrivend]j.com/tracks/subway
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conceptual spectrum of representation proposed by Keefe et
al. [13] also illustrates this subjectivity between data and its
representation (see Figure 2).

In this regard, it is worth considering the concept of index-
icality in designing data representations [22, 3]. Indexicality
is a taxonomic concept in Charles Sanders Peirce’s theory of
semiology that proposes three categories of signs: icons, in-
dices, and symbols. In data visualization, indexicality can
be a measure of contiguity that how visual representations of
data have a contiguous relationship with the physical world or
the subject of data. As Schofield [22] insists, a physical conti-
guity to reality in visualization can impact audiences’ under-
standing about the relationship between data and represen-
tation, framing a meaning through context. Also, indexical
signs in visual representation may increase trust and support
engagement as indexicality evokes a sensation of situatedness
and temporality by revealing ‘moments’ of isolation in space
and time, which mean that sensor data is taken from real-
ity. In data sonification, Barrass and Vickers [3] also explain
the indexicality as a measure of the arbitrariness in mapping
data into sound. Direct data-to-sound mappings such as audi-
fication have high indexicality whereas a sonification system
using symbolic or interpretative mappings exhibits low index-
icality.

Although it is hard to find a direct connection between
the visual indexicality and the auditory indexicality, consid-
ering what data attributes can primarily contribute to both vi-
sualization and sonification is significant to arouse congru-
ent visual and auditory perception simultaneously. BeHAVE
tries to find a relevant position in the indexicality spectrum
of data representation for making an impression about the
phone use behavior and to present a strong correlation be-
tween visuals and sound for multimodal data perception. In
this sense, BeHAVE has three layers of data representation: a
symbolic heatmap visualization, a parameter mapping-based
data sonification which exhibits somewhat high indexicality,
and a temporal data visualization on the mobile phone screen
to increase indexicality in visualization.

Heatmap Visualization

Considering temporal and geographic attributes of data, Be-
HAVE visualizes data with two types of a heatamp represen-
tation, as shown in Figure 1: a geographic heatmap on an
interactive online map and a heatmap chart at the bottom of
the screen. For a geographical heatmap visualization, the raw
data was pre-processed to change it into a GeoJSON format,
which is a geographic data structure used in a map-based vi-
sualization, by using Python in the Jupyter Notebook>.

A geographic heatmap is a typical representation to iden-
tify data location and depict data density in areas or at points
by plotting geo-related data on an interactive or static map.
As described above, the phone use data has spatial and tem-
poral information. In this regard, an interactive map-based
geographic heatmap, which is used as the main visualization
frame, is an appropriate way to represent the behavior, where
and how long I used my phone. Each phone pickup is ex-
pressed as a circle on a map according to the coordinates in-

Shttps://jupyter.org/



Figure 3: Close look of user interface. A tooltip on a circle
shows a detail of data. Red handlebars on the heatmap chart
determine an active data range.

formation of a phone pickup location. A circle’s radius and
color are determined by a phone use duration value. Based on
the maximum and minimum phone use duration in the data,
which are 0.017 and 283.667 minutes, respectively, a circle’s
minimum and maximum radii are linearly interpolated. A
change of a zoom level on a map also affects the interpola-
tion of this value range; the lower the zoom level is, the wider
the range is. Due to the radius interpolation, a user can catch
the outline of data points at a lower zoom level, whereas a
detailed shape of data on a map is revealed at a higher zoom
level. Also, between a certain low zoom level and the mini-
mum zoom level 0, adjacent circles form a cluster like blobs
to depict density as a heatmap representation.

In addition to the geographic heatmap, BeHAVE presents
a heatmap chart at the bottom of a map, which visualizes all
data grouped on an hourly basis to reveal the whole trend and
pattern of my phone use behavior. The y-axis of the heatmap
chart means hours for a day and the x-axis represents dates.
The use duration of 60 minutes is mapped on the brightest
yellow color. This heatmap graph also functions as a graphi-
cal user interface for trimming a data range, having start and
end date selection bars at the left and right sides of it, respec-
tively (see Figure 3).

However, both heatmap visualizations are symbolic, hav-
ing an indirect or arbitrary relationship between size and color
variant visual elements and the phone use behavior. It takes
time in learning data-to-visual mapping and it may require an
additional explanation about the mapping. It is hard to recog-
nize the temporality of an individual data point although the
geographical heatmap reveals the spatial distribution of data
well and the heatmap chart shows the overall trend. Explor-
ing data in chronological order will be a key feature to reveal
a temporal character of data and evoke aesthetic perception in
a data-portrait.
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Temporal Data Exploration

Figure 4: Time scale Transformation.

In realizing a data exploration mode, the original time scale
of data should be compressed into a smaller scale to sequen-
tially read a year of records in a short period as Figure 4 illus-
trates. As a default setting, a day is scaled down to 2 seconds
so that it is possible to navigate 365 days of data in 12 minutes
but it is flexible to change the setting by adjusting a param-
eter. By this time scale transformation, the use duration and
occurrence timing of phone pickup records are proportionally
re-calculated. For example, if the use duration of a pickup is
1 minute, its transformed duration based on 2 seconds per day
is (1/(60 x 24)) x 2=0.0013 s (= 1.3 ms). In this way, 238
minutes, which is the maximum value, is re-scaled to 383 ms.

During the temporal data exploration mode, which is trig-
gered by clicking a play button on the interface (see Figure
1), the rendering of data points occurs over time according to
calculated timing information based on the transformed time
scale. Unlike the heatmap mode, if drawn circles are left on
the screen in the exploration mode, it can cause visual ambi-
guity in perceiving instant and individual data occurrence. To
enable audiences to catch the occurrence of data points, each
drawn circle disappears according to the transformed phone
use duration, resulting in a flickering visual effect (see Fig-
ure 5). Because circles quickly disappear, a color variation
according to phone use duration is not effective as much as
it is in the heatmap mode. So only the white color is used
for the purpose of simplicity and aesthetics. Compared to the
radius range of circles in the heatmap mode, a radius in the
exploration mode is mapped in a bigger and constant range
regardless of a zoom level.

To depict a spatial change in data over time, a translucent
line is used. Whenever it draws a circle, it also make a line
between the last data location and the current data location.
As Figure 5 illustrates, translucent lines connecting data lo-
cations render a data route. It also reveals data density in a
more abstract way compared to the clusters of a geographic
heatmap because the degree of visual overlap among lines vi-
sually explains where data occurs the most. In case that a next
circle’s location is out of a currently visible area, the center
location of the current area is transposed to the next location
before drawing the circle so that audiences can keep track of
a data route without a mouse manipulation. And it is possible
to hide a background map and focus on a shape of a whole
data route by toggling a map switch on the GUL

In the temporal exploration mode, it is necessary to present
time information as a context of a story, allowing audiences to
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Figure 5: Visualization of the temporal data exploration
mode. Flickering circles represent phone use at a location
and overlapping lines express routes.

understand an elapsed time and a remaining time. BeHAVE
has a time progress bar at the bottom of the screen, revealing a
time context of the temporal exploration mode as a graphical
form. It also has a text label at the top-left corner showing a
date and elapsed days.

Data Sonification

Time Scale for Data Exploration In data sonification for
the temporal data exploration, it is important to reflect the
main characteristics of data-to-visual mappings in sound
mappings to evoke multimodal data perception. It means
BeHAVE should generate a sound that reveals the temporal
attribute and spatial change in data, i.e., phone use duration
and location. One of the appropriate approaches for this map-
ping will be parameter mapping sonification in which sound
is closely derived from data, exhibiting somewhat high index-
icality [3].

Because the data time scale is compressed into a shorter
time scale for the exploration mode, data-to-sound mappings
should be based on the time scale to reflect the temporal-
ity in data. As a result of the time scale transformation de-
scribed above, sound can be dealt with on a microsound time
scale [19] that is a duration threshold ranging from one to
a hundred milliseconds, in which humans can perceive an
acoustic event.

Granular Synthesis-based Parameter Mapping Granu-
lar synthesis is a microsound synthesis technique [19]. A
grain of sound is a building block for sound objects, shap-
ing a waveform by using an amplitude envelope of which the
duration is within the microsound time scale. The main soni-
fication approach of BeHAVE is to map the re-scaled phone
use duration onto the duration of an amplitude envelope with
constant properties such as attack, decay, sustain, and release
(ADSR). During the temporal data exploration, this mapping
irregularly triggers sound. As a result, the sound of BeHAVE
can be considered as Quasi-Synchronous Granular Synthesis
in which sound grains follow each other at unequal intervals.
Beside the envelope mapping, a reverberation effect is applied
to make a sound with the longer duration of an envelope stay
more in a space.
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As the visualization for temporal exploration represents a
spatial property of data as a form of overlapping lines, sonifi-
cation also needs to reflect a spatial change of data in sound.
In this regard, BeHAVE maps a distance from the last data lo-
cation to a current data location onto the frequency of a wave-
form. This mapping can cause a dynamic pitch change of
sound if a data location frequently changes. It can also reveal
a degree that how long the data continuously occurs at a point
or an area through continuous low-frequency sounds. Com-
pared to other ways to reflect the spatiality of data in sound,
such as the use of a panning effect and directly mapping lon-
gitudes or latitudes to a frequency, this distance-to-frequency
mapping can be effective even if the geographic data is not
well distributed, expressing the temporary density of data at
an area.

Indexical Visualization via a Mobile Phone

Figure 6: Visualization through a mobile phone. The phone
is syncing with flickering circles on the BeHAVE main pro-
jection screen behind.

As a way to exhibit higher indexicality in visualization
thereby giving a more intuitive impression to audiences, Be-
HAVE also represents phone use behavior data through a mo-
bile phone that has a direct relationship with the data itself
(see Figure 6). By accessing a mobile web page of BeHAVE,
a mobile phone connect to a BeHAVE main web page via
web-to-web communication established by the WebSocket
technology. During the temporal exploration mode, a con-
nected phone’s whole screen becomes white or black, sync-
ing with flickering circles, as a metaphor of turning the screen
on and off. This visualization reveals a data context, giving
an image of me as if an invisible but real person was using
the phone at the moment. Due to the advanced WebAudio
technology, the same sound also can be generated through a
mobile phone by using the same code for sonification. As a
result, using a mobile phone as a physical imprint like foot-
prints can expand channels for multimodal data perception by
framing a context of data.



Implementation
MapBox for Geographic Data Rendering

For a web-based geographic data visualization, BeHAVE uses
MapBox GL JS®, a WebGL-based JavaScript library for ren-
dering interactive maps. By adding GeoJSON format data
as a data source and layers that draw circles and heatmap
blobs based on the data source, MapBox creates a geographic
heatmap. Also, it is possible to set the steps of a circle’s ra-
dius and color based on zoom levels, a phone use duration
range, and an interpolation method. In visualization for the
temporal exploration mode, lines are added as another layer
on a map. In this mode, a layer for flickering circles is shown
whereas the layer for drawing heatmap circles is hidden. A
flickering effect is made by changing a circle’s opacity with a
JavaScript function, set Timeout.

The heatmap chart is drawn by using the HTML canvas
element on top of the map. It plots an hourly phone use as
rectangles with the same size and the yellow color of a rect-
angle is linearly interpolated by hourly phone use duration
ranging from 0 to 60 minutes.

Gibberish for WebAudio Sound Synthesis

BeHAVE uses Gibberish’, a JavaScript sound synthesis li-
brary. Gibberish can generate and synthesis sound based on
per-sample basis processing [20]. One sample in digital au-
dio processing with the audio sampling rate of 44,100Hz is a
sound signal for 0.02 milliseconds. In terms of microsound
synthesis, BeHAVE can benefit from this sample-accurate
timing feature of Gibberish.

Table 1: Parameters for sonification

Parameter Value
Envelope Duration  transformedUseDuration X 44100
Attack Ratio 0.1
Decay Ratio 0.6
Sustain Ratio 0.2
Release Ratio 0.1
Sustain Level 0.6

Frequency 220 + distance

As a main sound source, Gibberish’s Synth instrument,
which has an oscillator connected with an amplitude enve-
lope and a selectable resonant filter, is utilized. The envelope
duration in samples is a transformed use duration value mul-
tiplied by the audio sampling rate. ADSR is also measured
in samples based on the multiplication of ADSR ratios and
the envelope duration (see Table 1). The resonant filter is set
with a zero-delay 4-pole Moog-style ladder filter and Synth
is connected to Freeverb for a reverberation effect.

To calculate a distance between two locations, the equirect-
angular projection [23] is applied. Due to the fact that a high
frequency can cause an unpleasant or inaudible sound, it is
necessary to limit a maximum distance value up to a thresh-
old, e.g., 10 kilometers that results in a frequency range from
220 Hz to 10,220 Hz.

Shttps://www.mapbox.com/mapbox-gl-js
https://github.com/gibber-cc/gibberish
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WebSocket for Communication Browsers

WebSocket is a single Transmission Control Protocol (TCP)
socket-based technology that enables full-duplex communi-
cation between a client and a server®. Because most mod-
ern web browsers, including mobile web browsers, support
WebSocket, it is possible to develop a web application that
provides real-time synchronization among multiple users via
web browsers.

Communication between the main BeHAVE web page and
the mobile web page is established through a sever applica-
tion, which is run by a server-side JavaScript environment,
Node.js [25]. During the temporal data exploration, when the
main web page is about to draw a new circle at a data point, it
sends a phone use duration value and a frequency to a server.
Then, the server transmits received data to all connected mo-
bile clients. The mobile web page changes the background
color into white as soon as it receives a new message from
the server and calls a color animation function to change back
into black in a given phone use time. To reduce a networking
delay, it uses a dedicated Wi-Fi router, to which a local com-
puter and mobile phones connect. A local computer serves as
not only a server handling client connections and messages
and but also a client showing the main web page.

Exhibition and Discussion

Figure 7: BeHAVE installation

BeHAVE was presented as an installation in a one-day pub-
lic exhibition hosted by the Media Arts and Technology pro-
gram at UCSB and it was able to test the system in a real
situation and get interesting and constructive feedback from
audiences. As Figure 7 illustrates, the installation consisted
of the projection on a wall screen and my mobile phone, from
which the data was collected, on a pedestal. For simplic-
ity and an aesthetic purpose, the temporal exploration mode
was only presented in the installation, looping a year of the
data. A trackpad was placed on the pedestal to allow audi-
ences to navigate the visualized data. Audiences were also
able to experience the behavior data through their mobile
phones by following an instruction attached on an entrance
wall (see Figure 8). The sound of the main screen was played
through stereo speakers and the mobile phone was also set to

8https://tools.ietf.org/html/rfc6455
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play sound. However, generating sound through audiences’
mobile phones was not included to prevent unexpected bro-
ken audio issues, which result in a displeasing audience ex-
perience, caused by a difference in versions of mobile web
browsers.

Figure 8: Audience interaction. After accessing the mobile
web page via a QR code or a URL with his or her mobile
phone, an audience can see a user interface to connect or dis-
connect to the BeHAVE main web (top) and connected mo-
bile phones are flickering (bottom).

Most audiences expressed a curiosity when they first
looked at the piece that was drawing flickering circles and
lines and generating short bursting or beeping sounds. After
understanding what data was being represented, some audi-
ences tried to guess locations where circles were frequently
appearing and lines were densely overlapping. There was an
expectation that something might happen differently at the
end of the data exploration of 365 days, e.g., showing the
whole shape of visuals or a cinematic description of the piece.
While some audiences enjoyed interactivity given through a
trackpad manipulation such as zooming in and out the visual
space, one of the audiences suggested that it would be bet-
ter if the piece has different zoom levels according to events,
dates, or times. Interestingly, a couple of audiences asked if
they can apply their own data after self-tracking with their
mobile phones.

Most of the audiences aesthetically recognized the sound.
One of interesting feedback about sonification was that it is
felt like more musical rather than just data. The intention
of changes in pitch was not intuitively perceived by some of
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the audiences without understanding the mapping although
they were able to guess that a different pitched sound oc-
curring along with a visual change means a different activity
or state. When the distance-to-frequency mapping was ex-
plained, however, they acknowledged the effectiveness and
relevancy of the mapping.

When it comes to the mobile phone-based indexical visu-
alization, it was able to bring about an impressive effect as
a metaphor of phone use activities, exposing the behavior
that how frequently I used my phone, in a more direct rep-
resentation. After recognizing the synchronization between
the mobile phone on the pedestal and the wall screen, audi-
ences actively tried to engage in the piece through their mo-
bile phones as shown in Figure 8. However, some of the con-
nections were unstable because of the nature of delay in the
TCP-based WebSocket communication.

In overall, the main goal to give an impression of me by
depicting the phone usage behavior as a data portrait was de-
livered through multimodal representation maintaining some-
how high indexicality in both visualization and sonification.
Although it is reasonable to raise a doubt whether the expres-
sion using simple lines and circles in a two-dimensional space
is the only visual language to uniquely reveal one’s behav-
ior, my choice of simplicity in representation was effective
in enhancing data perception and enough to be considered as
a style in generating a data portrait and evoking aesthetic cu-
riosity. A video of the BeHAVE demo and installation version
is available at ht tps://sihwapark.com/BeHAVE.

Conclusion and Future Work

BeHAVE is a web-based multimodal data representation that
visualizes and sonifies my mobile phone use behavior. It ex-
plores a way to depict oneself as a data portrait, considering
self-tracking data in the context of the extended digital self.
In terms of the concept of indexicality, BeHAVE attempts to
reduce arbitrariness in the mapping between data and repre-
sentation and enhance the perception of temporality and spa-
tiality in data. In the temporal data exploration mode, the
main expression for visual perception, which uses circles and
lines, and the sonification approach based on a microsound
time scale help audiences get an impression of the behavior
data and me. A synchronized visualization through a mobile
phone, exhibiting a contiguous relationship between the data
and the physical object, is an approach to not only allude to
my behavior but also make audiences participate in the piece
through their mobile phones, although it is yet unstable and
has some delay.

As Donath [7] points out, we might discover and represent
our identities entangled with data depictions, in the era of in-
creasingly self-tracking data. However, it is also worthwhile
to be aware of what perspective self-tracking data cannot re-
flect ourselves in reality as Druker [8] suggests the use of the
term capta, which is faken from reality, instead of data which
is believed as given. Similarly, Van Dijck [26] argues that
understanding different reasons and contexts of data gather-
ing is significant, criticizing a common belief in the objec-
tive quantification and self-tracking of human behavior with
the term dataism. Also, a representation of the data gathered



from one’s devices might not be about one’s experience but
the experience of the devices [18].

In this regard, future work will expand based on new ques-
tions: 1) What kinds of other data can increase the degree of
contextualization and enhance uniqueness in a data portrait?
e.g., used apps, activities during not using a phone, schedule,
etc. 2) If other data is included, what visual language and
sonification approach can more appropriately express one-
self? 3) If the data representations are considered as seeing
oneself through machines’ vision, how can we compare hu-
man perception and machine perception about oneself?
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Abstract

This paper explores merging technology and biology into
semi-living designs in order to rethink and advance current
ecological surveillance tools. Drone technology combined
with (the sensory capabilities of) living plants could provide
our monitoring tools with plant based intelligence and more
advanced ways of sensing ecological changes. Drones are
currently designed to collect specific data through
single-flight missions without longer-term interaction with
the target location or non-human species. The paper
speculates on the potential use of recent discoveries of the
ways plants sense and interact with their environments as
well as each other as part of the monitoring process. The
paper presents and discusses a future design proposal The
BIO_DRONE—an autonomous hybrid drone designed by
merging the plant Boquila trifoliolata with a flying device.
The resulting concept is a hybrid biosensing drone that aims
to provide manifold data about the world’s most complex
biome—the Amazon rainforest.

Keywords

Ecological surveillance, Biosensing technology, Plant
based intelligence, Environmental adaptation, Amazon
rainforest, Speculative design.

Introduction

There is a growing need for more effective and efficient
ways of ecological surveillance as vast and complex
terrains, such as Amazon rainforest, become affected by
devastating ecological factors and environmental issues in
this onsetting age of the Anthropocene. [1] Research over
the past few years suggests that drone-based technology
may be the most suitable monitoring tool for the Amazon.
[2] However, potential success of using drones in
rainforests is dependent on these technologies’ ability to
survive the harsh weather conditions such as extreme heat,
fungi, humidity, vast distances and even predator attacks.
[3] Other critical factors such as energy consumption, the
need to recharge, physical maintenance and software
updates have to be taken into consideration.

To solve these issues, the paper proposes to use plant
based intelligence and principles of environmental
adaptation to advance the environmental monitoring tools.
From a technical perspective, how can hybrid, semi-living
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plant-based drones be enabled to survive harsh rainforest
weather conditions and provide better and more useful,
insightful data about the Amazon?

The Amazon rainforest in the Anthropocene

The tropical forests are often seen as the most significant
biomes on the planet Earth. [4] Although many of them
have been domesticated for tens of thousands of years, [5]
the negative impact of humans has increased substantially
in the new geological epoch of the Anthropocene. These
environmental issues include: deforestation, land resource
extraction, change in biodiversity, the spread of fire,
landscape fragmentation, industrial pollution, new species
invasion and climate change. [1] The increasing amount of
ecological issues, points to the demand for more advanced
long-term environmental monitoring approaches. [6]

Ecological surveillance in the Amazon

Traditionally, the Amazon rainforest has been monitored
by foresters, using field and aerial surveys. [7] Ground
surveys are still widely used to monitor biodiversity,
however this approach is time consuming, financially
expensive, and challenging in remote areas. [8] Illegal
activities are mainly monitored by on-ground
environmental defenders—human agents that often put
their own lives at risk. [9] These critical issues suggest that
the loss of human lives in the direct process of
environmental monitoring should be limited and replaced
by technological solutions. Using advanced technology to
monitor and to collect environmental data in the Amazon is
nothing new. As an example, Brazil has been providing
annual estimates of deforestation using satellites since
1988. [7] Although satellites are becoming increasingly
popular in environmental monitoring, [10] the accuracy of
this method is limited. Most satellites are based on optical
systems, that cannot collect imagery through the clouds.
[11]

The above-mentioned monitoring approaches are usually
used for distinct tasks and to collect data only from
individual viewpoints (e.g., ground level, sky). However,
to ensure a complete and long-term ecological surveillance
of the Amazon rainforest, all forest levels should be
monitored—above the treetops, where human agents



cannot access, on the ground and in the forest level, an area
otherwise invisible to satellites and aerial photos. This
requires a technology with advanced abilities to maneuver
throughout the forest.

Ecological surveillance by drone technology

Several studies point to the large potential of unmanned
aerial vehicles (UAVs) as substitutes for traditional
environmental surveillance approaches. [12] UAVs,
commonly known as drones, are considered a major step
towards more effective and efficient monitoring of natural
resources. [14] For example, drones are used in precision
agriculture, to monitor vegetation, biodiversity, habitat and
soil, as well as for forest mapping and monitoring of forest
fires. [2] Drones can be equipped with a wide range of
sensors, including various types of optical cameras,
multispectral cameras, hyperspectral cameras and thermal
cameras. [14] For example, near infrared and ultraviolet
cameras are useful to identify warm-bodied wildlife in the
forest. [8] Drone technology can also potentially perform a
wide range of physical tasks such as: broadcasting
insecticides and pollen, gathering water, leaf and soil
samples, and transporting physical items. [15]

In addition to the range of digital and physical data
collecting possibilities, drone technology can be deployed
more quickly over large distances than local agents on the
ground. [8] Small drones are especially preferred as a
monitoring solution for difficult-to-access terrains with no
people. [15]

The mobility, small size, and the numerous possible
applications are the main reasons why drones have a good
potential in long-term surveillance of the Amazon
rainforest. There are an increasing number of case studies
investigating various applications of drone technology in
the rainforests. For example, monitoring river dolphins in
the Amazon river in Brazil, as an alternative to standard
visual counts carried out on a canoe [16] or equipping
indigenous communities with easy to use and repair drones
to monitor their surroundings and the illegal activities. [17]
The current focus in the Amazon is on developing
semi-autonomous or fully autonomous drones. This would
allow the members of local communities to participate in
monitoring projects without needing extensive training. [2]

Although drones seem to be well suited for
environmental monitoring, there are several challenges for
this technology, especially if used in harsh climates and
complex environments. [3] Most of the small-size
multirotor drones run on rechargeable battery -cells,
providing only enough battery life for still relatively short
flights up to 30 minutes. [ 18] Therefore, requiring repeated
human maintenance, such as recharging the battery
between every mission. [15] According to a study done by
a group of drone-piloting scientists, another important
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challenge is the eventual technical damages caused by
rainforest specific climate risks: high humidity and extreme
heat. [3]

To provide ongoing monitoring of Amazon using
drones, the above-mentioned technical challenges have to
be overcome. Only then the potential of drones in
monitoring processes can be fully explored. Possibly
ensuring ongoing surveillance with repeated cycles
of—monitoring, charging and relocating—without any
interruptions or need to return to the starting location.
Based on the large variety of ecological issues in the
Amazon, the future monitoring tools should be equipped
with much more advanced monitoring systems, capable of
collecting better data. This in contrast to specialized drones
with only limited capabilities to observe single species, or
a seperate change in the environment (e.g., deforestation).

An appropriate place to look for the ways to overcome
these critical issues may be the target location itself—the
Amazon rainforest. Despite the harsh climate, it is the most
biodiverse biome on Earth. [4] Currently all of the existing
drone technologies will eventually break down in the
Amazon rainforest. How can plants extend their
capabilities to survive and thrive in such harsh weather
conditions?

Plant based intelligence and environmental
adaptation

What can we learn from plants, that could lead us to the
development of longer lasting and smarter ecological
surveillance tools? Plants have a complex sensory system.
Their roots serve as the biosensors responding to various
signals from the external environment. [20] This is
considered plant intelligence—plants’ ability to sense,
interact and respond to the environment, with an objective
to survive and reproduce. [20]

Figure 1.Boquila trifoliolata (V) mimicking six different trees
(T). (Gianoli & Carrasco-Urra). [19]

All plants are able to read and adapt to their environment
on some level, but one plant in particular has very
advanced environmental adaptation skills. The climbing
vine Bogquila trifoliolata from the temperate rainforest of
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southern South America can mimic the leaves of
surrounding plants in terms of size, shape, orientation,
petiole length and tip spininess, see Figure 1. Although
there are other plants using this mimicry method, B.
trifolata is the only one capable to mimic several—up to
eight types of leaves on a single stem. It uses leaf mimicry
as a defensive strategy that can occur even without a direct
contact between the vine and the plant it mimics. [21]

This points to the several sensory capabilities that B.
trifoliolata must have, such as somehow seeing, touching,
memorizing and even understanding the external
environment. According to Trewavas [22], green plants are
able to sense all the following external signals:

-light (quality, intensity, length of exposure)
-temperature

-touch, weight, vibrations, gravity

-sound

-humidity

-chemical/gas concentration

-biotic signals (competition, cooperation).

If plant sensory system was adapted by drone technology,
there would be no need to equip the monitoring devices
with any external mounted sensors (e.g., optical vision
sensors, cameras, microphone etc.) besides the plant itself.
This would free the monitoring devices from requiring
sensor software and hardware updates.

Understanding plant behaviour is at the frontiers of the
plant biology. [20] However, plant intelligence differs from
animal or human intelligence, as plant memory can operate
in different time frames—from milliseconds to weeks and
months, depending on the signals from the environment.
This makes the plant intelligence difficult to study. [22]

These findings point to the potential of using plant
intelligence and plant abilities to sense and adapt to their
surroundings as a potential area of investigation to
radically change and improve the ways we collect data
about environmental changes. Once advancing our
understanding of plant intelligence and behaviour, plants
could be potentially included directly in the process of
environmental monitoring.

Merging technology and biology

Combining plant-based intelligence with new technologies
could radically advance our understanding of our
biosphere. In addition, the concept of environmental
adaptation could be employed by current monitoring
technologies to increase their durability in especially harsh
environments.

According to a case study by Volkov and Ranatunga,
plants can potentially be used as biosensors through
computers, allowing to predict and monitor climate change
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and other changes in the environment. [23] There are
several exploratory projects investigating the possibility to
merge plants with modern technologies. “The dream of
flying” by Chiara Esposito features an interface that
enables a plant to control its position via a small drone.
The direction of the flight is based on the electrical activity
sensed from the plant. [24] Another project that explores
plant-machine relationship is Guto Nobrega’s “BOT _anic”.
Here, a robot allows the plant to crawl towards the source
of carbon. [25] More examples are provided by the EU
funded research projects “Flora Robotica” and
“NASCENCE,” which investigate mixed societies of
symbiotic robot-plant bio-hybrids. [26] A similar goal is
presented in the project “PLEASED”—exploring and
demonstrating the whole plant being used as biosensor of
external stimuli, further recognized by a machine. [27]

These projects are some of the examples on how
technologies can be used to gather and translate the plants’
sensory signals. “The dream of flying” and “BOT anic”
also open up the discussion of what would be the benefits
for a plant if it entered a symbiotic relationship with
technologies based on electronics and digital controls. The
bio-machines presented above can serve as a starting point
to imagine how could we use plants in environmental
monitoring and developing tools that directly interact with
the target habitat.

Figure 2. BIO_ DRONE’s design draft. (Cerpina, 2018).

Towards biosensing plant based drones

The previous section has pointed out the potential of
merging technology and plants into advanced biosensing
devices. Combining the plant-based intelligence and plant
adaptation skills with the mobility of drone technology
could result in overcoming the previously discussed critical
issues of currently available drone technology: a) need for
between-flight maintenance; b) limitations in data
collection; c) short range; d) decreased lifetime due to
harsh climate conditions.



Figure 3. BIO_DRONE’s design structure. (Cerpina, 2018).

To further the ideas outlined in this paper, a design draft of
a bio-drone was made. The experimental layout aims to
further explore potential functions and future perspectives
of a hybrid monitoring technology that could permanently
inhabit the Amazon rainforest.

The resulting concept is an autonomous hybrid
technology, “The BIO_DRONE,” created by merging the
vine Boquila trifoliolata and a custom-designed
two-propeller, single axis flying device, see Figure 2. As
described earlier in this paper, the plant was chosen due to
its unique abilities to mimic the leaves of several
surrounding plants. These extreme adaptation skills make
the Boquila trifoliolata a good choice for a mobile sensor
device, exemplified through the plants’ ability to adjust to
any habitat within the vast rainforest. The design draft of
“The BIO_DRONE” is developed based on the basic plant
physiology, such as plant morphology (structure of a
plant), plant ecology (interactions with the environment)
and basic aerodynamic principles of currently available
commercial drones.

The BIO_DRONE consists of the following elements: a)
The seed pocket (at the bottom of the device) that allows to
obtain a new seed. b) Root channel system for the plant to
intake water and sense the external environment using
roots. ¢) Vine channel system - directs the plants growth
towards and around the propeller cage. d) Two propeller
system enables relocation for data collection purposes and
plants survival (e.g., reaching sunlight, water source). ¢)
The cage secures propellers from external obstacles and
allows the plant to climb. f) Micro-scheme (located near
the seed-pocket) processes plants sensory signals, forwards
the collected data for research purposes. For overview of
the design elements see Figure 3, 4.

A highly mobile and environment-adaptive monitoring
drones using complex plant-based sensory systems, could
provide an ongoing, long-term ecological surveillance of
the whole region of the Amazon rainforest. This would
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also ensure a close interaction between the monitoring
system and the environment. The symbiotic relationship
between the drone and its inhabiting plant could also be
discussed, as the plant is given a more efficient means of
relocating.

The BIO DRONE is a future design proposal, at this
stage serving as a design object that allows us to imagine
radically different approach to environmental monitoring
tool development. In order to further explore and
demonstrate the potential of BIO DRONE as a
bio-sensing device, further research and practice-based
experiments are required.

Figure 4. See-through sketch of BIO_DRONE. (Cerpina, 2018).

Outlook

To ensure ongoing long-term environmental monitoring of
the most biodiverse biome on the planet Earth, the Amazon
rainforest, researchers and scientists are constantly seeking
more effective and efficient monitoring technologies.
Several studies have pointed to drone technology as
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potentially the most fitting surveillance tool for the
Amazon rainforest, yet there are several critical issues to
be solved.

The research on plant-based intelligence and
environmental adaptation in this paper has pointed to the
potential of using plants as biosensors in the environmental
monitoring processes. Currently we are in the early stages
of understanding plant-based intelligence. However, the
discussed case studies point to several successful
experiments using plant’s sensory abilities to monitor and
effect changes in the environment.

Plant intelligence could be used as a tool to collect
highly advanced and complex data about the environmental
processes and ecological changes in the Amazon, while
plant environmental adaptation techniques could improve
our drone technologies’ longevity in the harsh rainforest
climate conditions. Merging plants and drones into
bio-sensing devices promises the better solution for long
term monitoring of the Amazon rainforest.
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Abstract

This paper introduces Korean bio-artist’s works producing
fungi-based patterns and analyzes them as aesthetic results
which apply Erwin Schrddinger's hypothesis of life and
Maurice Merleau-Ponty's painting theory, in order to con-
sider the impalpable entanglement between an artist and mi-
crobes in the creation process of bio-art. Schrodinger re-
garded life as an open system, and implied that a living sys-
tem imports negative entropy and stores it. Interestingly, it
can be linked to ‘the genesis of things’ of Merleau-Ponty. In
his painting theory, he focuses on the inseparable interac-
tions between an artist and visible things. It could draw the
aesthetic discussion of life that recognizes things as living
beings and connects the aesthetic process with the interac-
tion between an artist and things. Furthermore, it is related
to the aesthetic characteristics of bio-art in which art inter-
twines with life.

Keywords

Bio-art, Schrodinger's hypothesis of life, Merleau-Ponty's paint-
ing theory, Genesis of things, Communion, Painting system, Bio-
art system

Introduction

Eduardo Kac, one of the pioneers in the emerging field of
art, used the term ‘bio-art’ for the first time, creating his
work Time Capsule. Then, Kac and other bio-artists such
as Peter Gerwin Hoffmann, Marta de Menezes, Paul
Vanouse and SymbioticA work with genes, cells, tissues,
organisms and life processes, using a variety of biotech-
nologies [1]. Even if the definition and scope of bio-art is
not clear, it refers broadly to the art that manipulates the
process of life by utilizing biotechnology in critical and
creative ways [2].

In fact, artists’ interest in biological forms and motifs
has been since the early 20th century. The expressions of
embryonic and microbial forms in the works of Wassily
Kandinsky, the pioneer of abstract art, have evolved into a
genre of "Biomorphic abstraction" and influenced the
works of Surrealists such as Joan Miro and Jean Arp [3].
On the other hand, Alexander Fleming, the discoverer of
penicillin, made works using microorganisms directly. He
enjoyed the artistic play by multiplying the microorgan-
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isms in petri dishes in the laboratory and utilizing the vari-
ous colors they create [4].

Figure 1. Lenticular images created from various fungi-based
patterns: (Top) The G-color image by the life cycle of Aspergillus,
100x50cm, Graphic, Lenticular; (Middle) The Y-color image by
the life cycle of Epicoccum nigrum, 100x50cm, Graphic, Len-
ticular; (Bottom) The R-color image by the life cycle of
Gibberella zeae, 100x50cm, Graphic, Lenticular © 2018 Siwon
Lee.



Interestingly, some bio-artists try to include both Kan-
dinsky's process of creating biomorphic abstraction and
Fleming's process of making a microbial painting. In a
laboratory of life sciences, they utilize not only artistic
senses and aesthetic knowledge, but also technical
knowledge of biotechnology and biological knowledge of
genes, cells, and microbes. Thus, those practicing bio-art
can be regarded as artists, and be seen as scientists or engi-
neers [5]. In that sense, bio-art is a boundary between art
and biology, and it also becomes a trading zone between
artists and scientists. Bio-artists play a role of trader in the
boundary and build a new area of art while blurring the
boundary [6]. Actually, Figure 1 consists of lenticular im-
ages obtained from the process of cultivating microorgan-

isms and observing their morphogenesis in a bio-laboratory.

They are the works of Korean bio-artist Siwon Lee, which
express the mysterious forms and beautiful motifs in the
process of fungal growth.

Here, the unique thoughts of life and art, discussed by
the scientist Erwin Schrodinger and the philosopher Mau-
rice Merleau-Ponty, provides clues to understanding the
identity of a new field called bio-art. They have already
dealt with the potential features of the aesthetic elements in
bio-art through in-depth exploration of the essential char-
acteristics of life and art. Furthermore, the aesthetic discus-
sion of life derived from Schrodinger and Merleau-Ponty
can be applied to the works of bio-art, and can be linked to
the current art trends in which artists, living beings, and
technology collaborate.

Life as an Open System

Questions about life are not exclusive to biology. They
seek answers throughout religion, philosophy, and science.
In particular, Schrodinger, who won the Nobel Prize for
Physics thanks to his Schrodinger equation, carried out a
wide range of inquiries about life. In 1944, in his book
What is Life? In The Physical Aspect of the Living Cell, he
explored and predicted the nature of life through the eyes
of a physicist. For the first step, he looked into magnetic
bodies, Brownian motion, and the problem of precise
measurement and explained that although all physical phe-
nomena are uncertain at the atomic level, they are stable
when the level is large enough to apply statistical mechan-
ics [7]. That is, while the surrounding thermal motion sig-
nificantly affects quantum phenomena at the microscopic
level, quantum phenomena at the macroscopic level can
maintain stability due to statistical offset from the effect of
the thermal motion.

However, Schrodinger believed that this statistical ap-
proach would not apply to genes that are not very large in
size. He explained the stability problem of mutation and
gene in relation to the energy level of quantum mechanics
and the problem of quantum jump [8]. According to him,
something that contains genetic information has a near-
miraculous durability. It is a non-periodic crystal and has
stability through a high-energy barrier [9]. This bold phys-
ical interpretation of life stimulated the intellectual curiosi-
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ty of biologists such as James Watson and Francis Crick,
and eventually became the background to discover the
double helix structure of DNA [10].

Furthermore, Schrodinger explained that it is possible
for life to maintain stability by importing the negative en-
tropy from the environment [11]. By doing so, life may not
reach the thermodynamic equilibrium of death (a state of
maximum entropy). The organism uses the energy of or-
ganic compounds in the environment to maintain its high
degree of order (a low entropy level), and then maintains
life by releasing the metabolized form (a form of higher
entropy) into the natural world. If Schrédinger is right, the
difference between life and death may be the difference of
whether or not it can import negative entropy from the en-
vironment.

Here, we can think of the difference between life and
death as the difference between the visible and the invisi-
ble. Life as an open system has increasingly distinct forms
and colors in the process of importing negative entropy.
Death, on the other hand, makes the form and color of life
increasingly faint. Life and death eventually represent
changes in shape and color in the process of importing
negative entropy or importing positive entropy. Interesting-
ly, this interpretation of life is linked to a genesis of things
that Merleau-Ponty discussed.

A Genesis of Things

Henri Bergson discussed the form of living being in The
Creative Mind: An Introduction to Metaphysics. Above all,
he did not look for the undulating outline outside living
beings. He said that the sinuous line of living being could
be no one of the visible lines of the figure [12]. It means
that, for living beings, there is no fixed outline and there is
only a generative outline that makes living beings form
themselves. It can be related to the idea that the form of
living being is not fixed but is generated and continually
changed.

Merleau-Ponty brought Bergson's discussion to art. In
Eye and Mind, he noted that it was already familiar to
painters. According to him, painters regard things they
draw as living beings. People think that a meadow and an
apple painted by a painter are circumscribed in lines, but
the meadow and the apple form themselves from
themselves [13]. In particular, impressionist painters in-
cl ding al anne created contours and borders of
things in that way. They showed that there is no line visible
in itself and that neither the border between meadow and
field nor the contour of the apple is here or there. As a re-
sult, for Merleau-Ponty, painters are a kind of generative
artists who experiment with a genesis of sinuous lines on
the basis of Bergson's discussion on the form of living be-
ing.

Here, it is interesting to compare bio-artworks produced
using living organisms with Merleau-Ponty's view. In fact,
as living beings are open systems that exchange energy or
matter from the external environment and generate its form,
so things in artworks that Merleau-Ponty discussed are also
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open systems that import negative entropy from the envi-
ronment and generate forms. Some bio-artworks utilize the
forms and colors that life reveals in the process of import-
ing negative entropy. It means that they use life as things in
artworks. In addition, some bio-artists are similar to paint-
ers that Merleau-Ponty mentioned, in that they experiment
aesthetically with the characteristics of life.

Figure 2. The works and installations of exhibition <A Beautiful
Trading: The Trade between Art and Biology>: (Top) The inside
view of exhibition; (Middle) “Form from life nseen”, 50x300cm
x 10(ea), Print installation; (Bottom) “The Color in Bio, Fungi on
Fabric”, etri dish installation © 2018 Siwon Lee.

Actually, some bio-artists use the fact that living beings
create their own forms and automatically generate contours
and boundaries in the process of importing negative entro-
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py. The bio-artist Lee also uses the automatic genesis of
contours and boundaries, and creates her own works using
fungi-based patterns. Figure 2 shows her works and instal-
lations that she exhibited at the Hangaram Design Art Mu-
seum, Seoul Arts Center from May 6th to May 13th, 2018
[14]. Her works are results of the microbial art project that
she carried out in the laboratory in the Department of Mi-
crobiology at Dankook University in Korea. She observed
the forms and colors generated by each microorganism,
and then produced the various composite patterns using the
basic patterns created by each individual community of
microorganisms, as shown in Figure 3. In this process, the
contours and boundaries created by microbial communities
are formed not by being placed in the original position, but
by a genesis of each individual microbial entity. Lee has
used such a genesis of contours and boundaries as a self-
formed image, thereby exploring a genesis of things that
Merleau-Ponty focused on. It means that Lee has obviously
utilized microorganisms in a way that things emerge in
paintings. As a result, through some bio-artists including
Lee, Schrodinger's discussion of life is linked to a genesis
of things in Merleau-Ponty's discussion.

Figure 3. The fungi-based images producing from the basic pat-
terns to the composite patterns: The top images are based on the
life cycle of Aspergillus; The middle images are based on the life
cycle of Epicoccum nigrum; The bottom images are based on the
life cycle of Gibberella zeae © 2018 Siwon Lee.

Communion between an Artist and Microbes

Merleau-Ponty certainly presupposes things in paintings as
open systems. Things in paintings import negative entropy
through a painter in order to generate the forms. At the



same time, a painter as an open system can also import
negative entropy from things in paintings. But Merleau-
Ponty goes one step further. It is about the relationship
between a painter and things outside paintings. He said,
“The painter lives in fascination. The actions appropriate to
the painter seem to emanate from the things themselves
[15].” and “The roles between the painter and the things
are inevitably switched [16].” According to him, such ac-
tions of a painter are the tracings that will be revelations to
others because they do not lack what the painter lacks.
They are also the tracings that a painter can experience as
the secret and feverish genesis of things in his body. It
means that a painter as an open system is not only influ-
enced by things outside paintings but also imports negative
entropy from things in paintings. Overall, the relationship
between a painter and things in Merleau-Ponty's painting
system can be summarized in Figure 4.

Figure 4. The relationship between a painter and things in
Merleau-Ponty's painting system © 2018 Jongcheon Shin.

Interestingly, the way that a painter as an open system
works in Merleau- onty’s painting system is similar to the
way that a bio-artist creates artworks. The creation process
of bio-art by Lee is a good material for reviewing the crea-
tion system of bio-artworks. She found the fungi that
emerged from an apple by chance, and became interested
in their aesthetic values. After then, she began in earnest
observing various types of fungi in the laboratory of mi-
crobiology. She artificially cultured a variety of fungi in an
incubator using a PDB (Potato Dextrose Broth), and saw
directly through an optical microscope (Zeiss Ax ioskop 40,
Dixi Digital Camera Excope). In the process, Lee inspired
the various patterns revealed by the life cycle of fungi,
changed the culture conditions, and created other patterns.
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Lee looks back on the creation process as follows:
“F ng s is not an existence that dwells only in a h mid
and dark place. It wanders through the open spaces in the
laboratory and reveals its existence if it meets reasonable
environmental conditions. It is a living being that dwells in
the same space as me. The visual appearance of this living
being enables the artist to identify something that is not
visible but present. To witness the emergence of living
beings and to capture their growth in communion with
them is in itself art [17].” As she has said, she waits for the
emergence of living organisms and gets artistic inspiration
through forms generated by living organisms. At the same
time, she also provides them with changed conditions and
influences them.

Lee is a kind of open system that absorbs energy from
microbes in petri dishes. Her actions are the tracings that
reveal what she lacks. They are also the tracings that she
can experience as the secret and feverish genesis of things
in her body. Hence, the bio-art system that Lee has experi-
enced in the creation process is similar to the painting sys-
tem of Merleau-Ponty. Of course, there is a little difference.
Merleau-Ponty's painting system considers the relationship
between a painter and things by dividing things into exist-
ences in paintings and existences outside paintings. Lee's
bio-art system, on the other hand, considers the relation-
ship between a bio-artist and microbes without the need to
divide microbes into existences in artworks and existences
outside artworks. Her microbes are objects that inspire her
and become things in her works. It means that the bio-artist
as an open system is influenced by organisms and provides
them with negative entropy while importing negative en-
tropy from organisms in artworks. Therefore, the bio-art
system based on Lee's creation process can be expressed as
shown in Figure 5.

Figure 5. The relationship between a bio-artist and microbes in
the bio-art system based on Lee's creation process © 2018
Jongcheon Shin.

In Eye and Mind, e rlea - onty began with anne's
words: “What I am trying to convey to yo is more myste-
rious; It is entwined in the very roots of being, in the im-
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palpable source of sensations [18].” s anne said, the
painting is derived from the impalpable source of sensa-
tions. It means that the painter feels the mystical commun-
ion between him or her and the things and expresses it on a
canvas. That is why the aforementioned genesis of things
in the painting means that the forms of things are not only
automatically generated on a canvas, but also are automati-
cally influenced by the invisible communion between the
painter and the things. Also, it is involved in the relation-
ship between a bio-artist and living organisms. Although
bio-artists are not directly involved in the morphogenetic
processes of living beings, they constantly communicate
with the living beings and reflect their communion in their
work. Therefore, although bio-artists have merely moved
their workplaces from studios to laboratories and have just
changed their tools from brushes to experimental instru-
ments, their work is essentially similar to the artistic be-
havior of  anne.

Conclusion

Seeing is basically the process of moving light. To see
something implies that a part of light bounced out of an
object reaches our eyes. Then, the light passing through the
crystalline lens forms an image of the object on the retina
and turns into an electrical signal to reach the brain. That is
why we see the light that is bounced out of the object. In
fact, seeing is a very confusing problem when we enter the
world of small particles like atoms. Tiny little particles can
deviate from their orbits only by light (or photons) [19].
Thus, if we can get into the world of atoms, we can learn
that seeing is about an indeterminate object, not a definite
object. For that reason, quantum physicists like Schroding-
er have been concerned about that problem for the rest of
his life.

But Merleau-Ponty seemed to think the problem was not
too difficult. He did not think that seeing (especially seeing
things by a painter) was about a definite thing. To him,
seeing is related not only to the change of things, but also
to the painter himself. In terms of the painting theory of
Merleau-Ponty, the painter stands on the opposite side of
the Cartesian. According to him, while a Cartesian believe
that what human beings see is not the world itself and that
all vision takes place in God, a painter accepts the myth of
the windows of the soul. In other words, for a Cartesian,
seeing is a certain mode of thought, but for a painter, see-
ing is a means given to him for being absent from himself
[20]. Thus, for a painter, seeing makes him aware of the
secret and feverish genesis of things that happen in his
body. At the same time, for things, seeing becomes a driv-
ing force for new changes. Surprisingly, it contains a con-
cept of quantum mechanics. As seeing in the atomic world
implies the detection of changes of indeterminate things by
light, so seeing by a painter implies that he also senses
atomic changes within things or within his own body.

In fact, the creation process of bio-artists includes
unique experiments on seeing. Unlike scientists, they think
of biotechnology as a medium for communicating with

Gwangju, Korea

54

living beings, not only a tool for manipulating life. The
bio-artist Lee looks at microbes from the perspective of a
painter who Merleau-Ponty noted. She brings the living
beings into herself, recognizes them as new beings, and
creates new works by reprocessing and linking the tracings
of the living beings. Meanwhile, microbes as things also
look at Lee. It relates to the process in which visible things
are created as new things via the artist and work toward
new aesthetic things. As a result, the impalpable entangle-
ment between a bio-artist and living beings in bio-art
emerges as the genesis of new aesthetic life.
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Abstract

In this paper the authors analyse the incompatibilities and
collisions that occurred when they tried to implement their
real-life learning insights and experiences from transdisci-
plinary practice in the regular western education pro-
grammes for higher education and Vocational Education
and Training (VET). The analysed case studies share an
interest in transition issues in urban environments. The
issues at stake were considered to be complex and were
approached according to an artistic, designerly and partici-
patory way of working. All projects had an innovative
scope and thus an open ending or unknown outcomes at its
starting phase. The case studies (interim) outcomes and its
obstacles and challenges, that the authors and their collabo-
rators encountered in the respective learning processes,
were shared and weighted in a series of meetings and
workshops with teachers, teacher/artists, teacher/designers,
students and laypeople. Besides these feedback sessions
and workshops the outcomes of the case studies are com-
plemented with literature studies. The authors conclude
this part of their research with a discussion and suggestions
for future research to bridge the experienced systematic or
paradigmatic obstacles and future research.

Keywords

Art education, hybrid learning, transdisciplinary collabora-
tion, life long learning, participatory design, peer-learning,
creativity, improvisation, situated design, transition design,
amateurs, pro-am

Introduction

Living in the Anthropocene we are facing unprecedented
ecological problems, whilst more and more people will
have cities as their habitat, it will put a pressure on finding
new modes to create healthy environments. In these times
we are also challenged with technological and economic
changes that will impact our society deeply as for instance
automation will change our current system of paid-labour.
This means we need to re-evaluate important aspects in the
current educational system. For example we observe a
growing interest in vocational and higher art and design
education to shift from a goal oriented education that is
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modelled after paid jobs, towards educating for ‘change-
agents’ who are prepared to deal with our current complex
transition issue’s. This often causes a collision of institu-
tional education with real-life learning. It could be read as
a re-interpretation of the word ‘school’ as it has the ento-
mological origin of ‘skhole’ (Greek): ‘leisure time’. These
times of transition require new modes, for this we draw on
transdisciplinary or cross-over approaches with transcend-
ing boundaries between disciplines and merging positions,
where ‘the change agents’ could be citizen, (art, design)
professionals, experts or amateurs in new fields, with the
city itself as a localised -situated- design canvas.

The background of the authors lies in the above described
setting. They both have a practice based on a participatory
design approach, and both run collaborative / community
projects in the art and design field. Dr. Anne Nigten initiat-
ed the Patching Zone. This studio runs projects in the field
of New Media and technology in the Art and Culture sector
based on the ’processpatching’, approach. In this approach
knowledge, experience and methods from different disci-
plines and backgrounds are used to patch together different
knowledge fields. Annemarie Piscaer initiated Studio Dust,
a research by design studio operating in the field of healthy
environments, by using material research as a communica-
tive instrument to connect unusual domains and disci-
plines. Although the authors operate in different fields
(media technology and healthy environments) their partici-
patory projects served as ground for a practice led research
on informal learning environments. In this paper they share
the collisions that occurred between real-life learning and
formal institutional learning, the challenges they met and
the questions that arise in their practice and are not covered
yet in current literature and research.

Problem framing

As stated earlier, we are living in unprecedented times of
transition with its accompanying new real-life transition
issues. The two case studies that will be discussed in this
paper could be considered as typical transition issues: 1. to
make a healthy and sustainable city and 2. to bring a tech-
nical vocational education course up to speed with today’s
technological and social changes. The two case studies in



this paper were developed in a co-creative way with refer-
ences to participatory design and (informal) approaches
from community projects in the art and design field. In
both case studies, formal knowledge domains merged or
blended with informal knowledge brought in by its non-
academic participants such as citizens, professionals, poli-
cymakers and so on. Building on literature studies, previ-
ous publications and the authors’ creative practice (case
studies) it is argued that, although artists and designers
often have the interest, skills and opportunities to transcend
boundaries between disciplines and positions, the learning
potential in these projects is often not fully utilised and
valued. This often leads to misunderstandings and frustra-
tions among the project’s participants and could thus be
ground for demotivation to pursue these (kinds of) pro-
jects. (Brickwood et al, 2007; Nigten, 2004) In the ana-
lysed case studies, the applied artistic and design ap-
proaches encounter practical, systematic, paradigmatic and
institutional obstacles that often prevent a fluid knowledge
transfer and thus block the ability to learn in and from the-
se projects. The personal knowledge transfer among those
who are involved in the afore mentioned complex transi-
tion issues is considered to be of high value for (re-) con-
necting formal and informal learning. The case studies
expose innovation opportunities for today’s art education
and its potential spill overs to other domains as outlined in
the OECD future research agenda (Winner et al, 2013).
By mapping the collisions and obstacles we aim to indicate
new directions for art education that focuses on innovative
spill overs and change agents.

Literature studies

Literature studies over the last four decades often refer to
different types of complex (transition) issues that bring
forward the need for cross-over, transdisciplinary
knowledge or transversal skills and competencies such as
subjectivity, creativity, intuition, improvisation, holistic
approaches and so on to cross the boundaries between the
knowledge domains (Somerville, 1998, Guattari, 2015).
The referred collisions in this paper’s case studies some-
times resonate the lack of common ground between differ-
ent knowledge domains as is often described in literature
and expert panels (Brickwood et al, 2007, Nigten et al,
2004) More detailed analyses of the case studies however,
revealed another gap or mismatch: between formal (codi-
fied) and informal (personalised) learning. Here the infor-
mal refers to the field of learners and makers represented
by the stakeholders, amateurs and residents. The authors
therefore complement the afore mentioned literature with
literature dealing with learning communities (Wenger,
1998), community art and participatory design (Nigten,
2014; Ehn, 2008;) as these bring in references on co-design
and co-creation. This in turn seems useful to understand
how formal and real life learning could come together in
project based learning. And how real life learning could
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inform/transform formal art education with spill overs to
other domains such as VET. This is illustrated by two ex-
amples in resp. ‘Design is Learning’ at the University of
the Underground and ‘Exploration in Urban Practice’ in
the Urban School Ruhr, both presented ‘a School of
Schools’ during the Istanbul Design Biennale 2018. These
practices experiment with colliding systems of formal and
real-life learning for example by positioning not only the
student of formal higher art and design education in real
life situations but also the institution as such. In both ex-
amples design students are equipped with the skill-set to
transcend the boundaries between formal and informal.
The University of the Underground examines power struc-
tures by challenging relationships, creating new roles and
role play -on an equal base-. On the projects both have to
work as peers, building an equal friendship. (Abdulla et al,
2018) The Urban School Ruhr does not have an institu-
tional framework, no school building, no bureaucratic
structure etc., whilst retaining links with institutions,
placed not outside but deliberately mingling formal and
informal. It operates as an open lab, using the city as a sit-
uated school; mobilize people thus enacting spaces of
learning in the city. (Assmann et al, 2017) The skills and
knowledge generation among those who are involved in
afore mentioned complex transition issues is considered to
be of high value for (re-) connecting formal and informal
learning. (Abdulla et al, 2018; Assmann et al, 2017;
Hamerset al, 2017) Special attention should be paid to the
fluid boundaries between the various professionals and
amateurs as these are potential pockets for knowledge ex-
change and innovation. The so called change agents (Bar-
nard et al, 2015) ) cause a merging of professional and am-
ateur fields. Here the Pro-Am’s come into the picture. The
term Pro-Am’s was coined by Leadbeater and Miller in
‘The Pro-Am Revolution!: How enthusiasts are changing
our economy and society’ for a new breed of amateurs, that
work to a professional standard; knowledgeable due to
technology an highly networked. They are capable to de-
velop catalysing or disruptive innovations. These pro-ams
are creating new or combined streams of knowledge.
(Leadbeater and Miller, 2004). In the context of the case
studies we’ll discuss the value of equality in these co-
creative practices as a process of converging formal
knowledge with informal knowledge when they are equally
valued. (Ranciére 1991) In this paper we’ll elaborate on
the obstacles that occur when these formal and informal
learning processes collide. This could cause friction on the
informal side, where the amateurs have to cross their com-
fort zone; as observed in the case study ‘Mediawharf’. As
well as the formal side; as argued in ‘The Cult of the Ama-
teur: How Today’s Internet Is Killing Our Culture’ it could
cause an erosion of the professional standard. We also
briefly touch upon the lack of critical validation of the am-
ateurs (the crowd) versus the academic education’s empha-
sis on validation. (Keen, 2007) The obstacles and frictions
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are observed in our case studies and described in the obsta-
cle paragraph.

The case studies show the potential of personalised, artistic
and designerly approaches to deal with complex, and
messy processes with unpredictable outcomes. For the
patching or transversal tools, skills, and probes we’ll build
on the theory of the reflective artistic and designerly skills
and competencies (Cross, 2001; Schon, 1983; Nigten,
Kotey, 2017), experiential or tacit knowledge (Dewey,
1934; Polanyi, 1967) and the role of artists and designers
in situated creativity. We’ll suggest creativity and its close-
ly related improvisation (Csikszentmihalyi, 1996) as artis-
tic and design competences to bridge the gap between the
disciplines as an extension of two main theories of creativi-
ty Glaveanu’s (2013) and Kirsch‘s theory: Hybrid Ap-
proach to Creativity: Arts, Science and Everyday Life.
(2016) This study should be positioned in the hybrid ap-
proach of today’s creativity debate, where artists and de-
signers bring in interpersonal creativity (mini-c) to bridge
their professional creativity (pro-c) with real-life creativity
(little-c). Although the potentiality and the need for these
in-between pro-am spaces are beginning to settle, the
learning potential in these fluid spaces is (still) not fully
utilized, so far it often doesn’t exceed the intuitive and
personal level (Winner et al, 2013).

Case studies

The first case study is the City Lab ‘Stadslab Lucht-
kwaliteit’ (2015-2018). City Labs are recent phenomena.
The labs are situated learning networks that experiment
cooperatively with various complex (urban) issues. The
initiators of these labs have a diverse disciplinary back-
ground, and are often run by independent professionals that
share a pragmatic nature. ‘Stadslab Luchtkwaliteit’ is an
initiative by designers, architects, engineers (independent
professionals) and local citizens, and functions as an open
platform addressing the issue of air quality in Rotterdam,
on a self-organised base by experimenting, connecting,
gathering and sharing ideas. Originally situated around the
most polluted street ‘s Gravendijkwal Rotterdam (NL).
There are a few projects evolving from this City Lab that
are now being prototyped and tested in public space. For
example one of the activities of the lab was the citizen
driven measuring of the air quality, to test the experiments
and prototypes and its values in co-operation with the ex-
perts from the Netherlands National Institute for Public
Health and the Environment. Another project (Smogware)
is a participatory project where the citizens join ‘harvest-
ing’ (urban mining) settled urban dust to use as a source
for glazing a tableware. The tableware visualises the invis-
ible air pollution. City Lab Stadslab Luchtkwaliteit started
organically in 2014 after an open call issued by the munic-
ipality of Rotterdam. The initiators developed this open
platform according to a co-creation (with citizens and insti-
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tutions) approach as a learning environment in order to
catalyse a change and improve the ideas, prototypes and
designs. ‘Stadslab Luchtkwaliteit’ has been part of a learn-
ing community initiated by Creative Industries Fund NL
(Dutch cultural fund for architecture, design, and digital
culture). In these sessions knowledge and learned lessons
where shared between other newly build City Labs within
the Netherlands.

Figure 1. Citylab / Stadslab Luchtkwaliteit members.

The second case study is Mediawharf (2013-2015), a mul-
ti-annual project for VET innovation by The Patching Zone
for and with the Human Technology (and related) depart-
ment of Zadkine and Techniek College Rotterdam (tech-
nical vocational school, Rotterdam, The Netherlands). Me-
diawharf was shaped as a participatory praxis studio where
teachers, students, young professionals, experts, profes-
sionals and public organisations worked together. Its par-
ticipants brought along a range of cultural backgrounds and
knowledge from different domains such as technique,
technology, design, art and humanities. The core of Me-
diawharf was a series of real-life assignments which were
translated into challenging and meaningful learning tasks
in transition areas such as healthcare & technology, auto-
mation, manufacturing industry and new crafts, the Internet
of Things and sustainable construction. The project was
developed in an iterative way, after each assignment the
students, commissioners, teachers and The Patching Zone
participated in an evaluation of both the student work and
the project’s results. (Nigten, 2013)

Mediawharf’s first year’s outcome was an essential contri-
bution in shaping and kick-starting Zadkine’s new Human
Technology course, after that the collaboration with the
teachers and course leaders focused on an education design
training, that accommodated the flexibility and personali-
sation which are required for real-life assignments. (Nie-
develd, 2015)



Figure 2. Mediawharf; Sebastien Seynaeve (The Patching Zone,
team member) and students are working on audio recordings.

Feedback loops: workshops and meetings

The case study City Lab ‘Stadslab Luchtkwaliteit’ revealed
that artists and designers take new roles in order to create
learning networks bridging formal knowledge and real-life
learning. Piscaer reflected on the insights that she obtained
in her role as a designer in ‘Stadslab Luchtkwaliteit’ by a
follow-up research ‘As a designer I’'m an expert. ’'m an
amateur, operating on the fluid boundaries of the design
profession’ (Piscaer 2017) within the frame of Master Edu-
cation in Arts at Rotterdam University of Applied Scienc-
es, Piet Zwart Institute. In this research the role of design
and its artistic approach in theses learning networks was
studied by comparing the case study ‘Stadslab Lucht-
kwaliteit’ to other representative case studies.

The Mediawharf follow-up consisted of a feedback ses-
sion, two workshops and two design sessions with the
stakeholders (students, teachers, tutors from Technical Col-
lege and higher vocational education in the similar fields,
professionals, education experts and so on). This follow-up
was initiated by Anne Nigten, in her role as professor at
Rotterdam University of Applied Sciences as a, so called,
research exploration. In these sessions that were organised
under the label ‘learning environments’ (Lerendeomgev-
ingen/Learning environments, 2017), the participants dealt
with the project’s outcomes, experienced institutional
(formal) educational obstacles and shared insights and un-
derstandings. The conclusions from each session were in-
tegrated in the next session. The sessions were organised in
groups of participants with mixed backgrounds (cultural
and professional, student and amateur) who shared, dis-
cussed and evaluated experiences and came to new insights
with representatives from the education and work field.
The sessions were concluded as a plenary.

All in all, the authors reflected upon their findings with a
wide variety of experts with mixed backgrounds (teachers,
expert-designers in real life learning settings, professionals
in public organisations involved in developing open-
learning platforms). After this the authors organised a
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workshop held during Balance-Unbalance 2018/ New Val-
ue Systems, in Rotterdam, The Netherlands (Nigten & Pis-
caer, 2018). In this workshop the authors proposed to ex-
amine the conditions, suggestions or guidelines for a ‘hy-
brid learning model’ with the workshop participants.

Finally, the outcomes of the workshop and the feedback
moments were shared and weighted during a plenary ex-
pert meeting New Learning Environments for the Future
initiated by Creative Fund NL and Haus der Kulturen der
Welt in Berlin (DE) during the Istanbul design Biennale ‘4
school of schools 2018’. This session dealt with environ-
mental, technological and economic changes in our cities,
neighbourhoods and regions, and the challenges this all
brings along for what we learn, how we learn and the spac-
es where we learn. Central questions were: How can art
and design schools prepare students for life? Can informal
learning environments create new connectivity? Can art
and design schools position themselves within a wider eco-
system in their surroundings?

Shared interests and equal roles

In this part the characteristics of the participants whom
transcend disciplinary boundaries are described. This pa-
per’s case studies share a common ground as they all in-
corporated and attracted a diverse range of participants
who, in turn, all share a specific interest in the given transi-
tion issues. In both cases they worked towards producing
tangible or experiential outcomes. According to the co-
creation principles, the involved people are working peer-
to-peer on an equal footing as this generates trust and
openness. Taking these equal roles can be beneficial as all
participants are engaged students, citizens, professionals,
or amateurs in a certain field. Here the two systems (formal
and informal) are not opposite towards each other by defi-
nition, but could fluidly merge into a new space for learn-
ing. (Wenger, 1998) By crossing the boundaries of the tra-
ditional disciplines, and taking on different roles, the par-
ticipants are better equipped in ‘speaking the same (disci-
plinary) language’s’. This process profits from a physical
common ground and shared tacit or material (boundary)
objects. (Ranciere 1991; Nigten, 2015).

The case study City Lab ‘Stadslab Luchtkwaliteit” show-
cases the profit that is gained from a physical common
ground. The City Lab initially focused around the
s’Gravendijkwal, a very polluted street in Rotterdam. Par-
ticipants live around that street, thus attracting a variety of
people with different disciplinary backgrounds and ages.
The knowledge exchange within the events focused also
around that area. It helped focussing the complex topic and
sharpening the discussion. After this initially phase the
City Lab widened the knowledge network to a larger group
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of experts, participants and to a wider scope of Rotterdam
and thus broadening the subject.

“The notion that we disagree with one another in
the lab makes me question more. So I call the
experts. But it is easier to connect to them and

get an appointment with a bigger group of peo-

ple.” Kirsten Kentler, team member City Lab /
Stadslab Luchtkwaliteit, 2017

In the Mediawharf case study the shared interest was to
establish a new high quality Human Technology course
that included a new 21% century skillset for vocational stu-
dents to work in the (future) smart network society. In Me-
diawharf the earlier mentioned equalised peer-connection
was established among the vocational students and the
Patching Zone’s team of creative young professionals. The
team was, from time to time, extended with academics and
European partners. The Patching Zone’s team members
came from diverse European cities and regions and studied
in a range of fields such as (interaction) design, technology
engineering, digital art, social sciences and so on. Me-
diawharf was composed of a series of (short) real life pro-
jects (assignments) with social partners. The real-life pro-
ject assignments served as place holders for the training of
students and teachers. The students worked and learned as
peers with The Patching Zone young professionals and
experts.

‘We were neither teacher, boss,
parent or friend, and we all
represented different cultures
including cultural norms and
behaviors...." Ida Toft, team
member Mediawharf, The
Patching Zone, 2013

In both case studies it brought forward a vivid exchange of
practical and cultural knowledge. These networks of rela-
tionships allow for the wide variety of participants to col-
laborate, share ideas and take risks together. Taking equal
roles in tangible settings, builds on trust; essential in a po-
larizing society. The respectful and equalised way of work-
ing created trust and openness, that turned out to be a fruit-
ful ground for shared real-life and professional creativity.
(Leadbeater and Miller, 2004; Kirsch et al, 2015) Building
these fluid learning networks where ‘experts and non-
experts’ are equal and can both learn together thus is a re-
sponsibility of society. (Ranciére, 1991) These so called
‘fluid learning environments’ can be shaped more effec-
tively (for all participants) if we have a better understand-
ing of what obstacles prevent the collision to occur and the
approaches that smooth the process. This will be described
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in the next chapters followed by arguments on how to uti-
lise the learning potential by shaping a ‘hybrid learning
model’.

How to overcome obstacles and collisions

In hindsight the main obstacles in the case studies went
beyond the known obstacles caused by linguistic misun-
derstandings and confusions about ways of working as
known from literature (Brickwood et al, 2007; Nigten,
2004, Guattari, 2015). In both case studies the mismatch-
ing expectations among the involved parties and stake-
holders and the colliding outcome’s evaluation criteria,
could be identified as the major obstacle to bridge the
worlds of the formal and informal learners. In this para-
graph we’ll unravel the experienced collisions regarding
the expectations and evaluation criteria for both case stud-
ies.

In Mediawharf the team anticipated on the obstacle that
could be caused by a mismatch of expectations of the real -
life projects’ outcome between the real-life partners
(stakeholders), students and teachers. It therefore was tack-
led in the project and introduced as a ‘translation’ phase
where real-life assignments and its expected outcomes had
to be translated to learning assignments. In this ‘transla-
tion’ phase it was also acknowledged that open endings, as
known from art and innovation projects did not match with
the vocational school’s evaluation process and their stu-
dents’ expectations. This pitfall was overcome by shifting
the outcome focus from a product, object or service to-
wards a learning outcome that was manifested in the itera-
tive cycles of the design process. The new workflow was,
after the projects’ first year evaluations and iterations,
mapped out as an infographic roadmap for teachers, stu-
dents and stakeholders alike.

Figure 3. Mediawharf; two screens from Roadmap Real-Life
Projects, graphic design by Yoana Buzova, © The Patching Zone.



Another obstacle that was met in Mediawharf was working
outside the school building: real-life projects also required
working in the real world outside the school building and
with stakeholders’ interaction in public space. Besides
some practical, and solvable issues the Patching Zone real-
ised that the engagement with residents and audience in the
public city space was another challenge. These kinds of
encounters and collaborations might be obvious and natu-
ral for artists and designers (Ehn, 2008; Toft, 2013), they
did not match naturally with the technical vocational
school students’ and teachers’ comfort zone for learning.

Another Mediawharf real-life obstacle we’ll bring forward
concerns the evaluation criteria and expectations from the
vocational education partners towards the Patching Zone
team regarding the implementation level of the innovative
course by The Patching Zone team, who felt that their role
in the project was the catalysing role and not the operation-
al role. Some of The Patching Zone team members felt
insecure or not at ease in the role as amateur teacher, whilst
the teachers expressed their trust in The Patching Zone
team members’ skills. Here the planned course evaluation
by the end of the first schoolyear also played part of the
felt responsibilities (towards the students and the school) of
all involved. All in all, some of The Patching Zone team
members preferred to work in their creativity comfort zone
as a catalyst, whilst others also expressed interest in con-
tributing to a creative context and developing a creativity
training plan for the new course, for example in engineer-
ing field:

‘My desire was to teach the
Students creative program-
ming..” Victor Diaz Barrales,
team member Mediawharf, The
Patching Zone, 2013

The main lesson learned from this obstacle is that creative
catalysing requires different skills and work structures than
implementation. (Nigten, 2014) It is therefore important to
identify, in the course of the project, the situations where
catalysing turns into implementation so measures can be
taken. Either the project can be redirected or staffed with
the suitable team members. The given example also shows
the team members’ concern regarding the erosion of the
expert fields or disciplines. Moreover, this issue underlines
the unexpected tension around the expectations and felt
accountabilities when the borders between amateurs and
professionals start to shift to a formal educational setting.

Other obstacles that concerned the teachers in Mediawharf
dealt with the professional development and institutional
support and infrastructure. For example, it turned out to be
somewhat problematic for teachers to work as peers in this
setting as this required an uneasy dynamic role shift from
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being the classical teacher at one moment and acting as
peer to the next. The shifting of roles also included new
tasks and skills for the teachers in other respects. Besides
the earlier mentioned peer-learning approach, real life pro-
ject assignments brought forward a need for more tailored
and flexible curricula. Up until recently the vocational
school’s curriculum had been designed in advance for mul-
tiple years by a specialist team and was implemented by
the teachers. The 4C/ID education design system (Mer-
riénboer van, 2007) that was used in this case study’s insti-
tute was well suited for a dynamic curriculum though it
was hardly used in such a flexible way. So the teachers
needed training and thus time to get familiar with these
instructional design systematics. The workshops and de-
sign sessions following Mediawharf focussed on listing the
recommendations for the institutional obstacles that re-
quired formal action.

The informal obstacles were mostly solved or have been
overcome through the natural or improvised use of artistic
and designerly transversal or patching skills, shared tech-
nical tools, probes or boundary objects (Nigten, 2015;
Cross, 2001). The games that were developed in Me-
diawharf worked as boundary objects. The software and
hardware tools that were used to design and develop these
games turned out to be helpful for catalysing the bridging
process between design and art and formal education. The
technical tools resonated the shared interests and facilitated
learning through making as known from art, design and
learning experiences in makerspaces and fablabs. (Troxler
& Mostert- van der Sar, 2018; Trust et al, 2018)

In the case study City Lab / Stadslab Luchtkwaliteit de-
signerly approaches were instrumental for bridging or
patching formal and informal learning. The main obstacle
concerned the friction between the amateurs and profes-
sionalised. (Leadbeater and Miller, 2004; Keen, 2007) One
of the activities of the lab was the citizen driven measuring
of the air quality; to test the experiments and prototypes
and its values. This was done co-operatively with the ex-
perts from the Netherlands National Institute for Public
Health and the Environment in an attempt to learn from
one another. Members of the City Lab felt insecure and not
strengthened by the experts in their choice of measure-
ments tools and transferring the generated input regarding
the air-quality data. On the other hand, the air-quality sci-
entist were careful in sharing all their knowledge as it
could have possibly be used in the wrong context, as a mis-
interpretation of the found data. The designerly (profes-
sional) creative approach was complemented with interper-
sonal creativity by the City Lab / Stadslab Luchtkwaliteit
members for transferring or bridging the formal field to the
informal field. The combination of the City Lab members
facilitated this process: there was a landscape architect
trained with an ability to diverge, architects who brought in
holistic approaches, and designers that were able to deal
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with open endings (doubt). Moreover, the process of crea-
tive catalysing and questioning each other, showed the
commonalities and the value of cooperation. It showed that
daring to ask (naive) questions can be of value for the ex-
perts. A trusted work environment and well-informed par-
ticipants are conditional for this open-minded questioning.

“insecurity is liberating but constraining at the
same time. It is good to realize the importance of
insecurity, are my questions not naive? After I
gained a huge amount of knowledge, then I was
able to ask these naive questions again. ... My
role as a designer is to realize that these naive
questions have a huge value (for the experts),
and is an important attitude."” Kirsten Kentler,
team member City Lab / Stadslab Luchtkwaliteit,
2017

During the workshop Balance-Unbalance 2018/ New Val-
ue Systems, in Rotterdam, the authors proposed to examine
the conditions, suggestions or guidelines for a ‘hybrid
learning model” to overcome the above described obstacles
with workshop participants from art, design and higher
education. The participants recognised ‘working with open
endings’ as a key condition needed in the unprecedented
times of transition. In co-creative and community-oriented
projects artists and designers often fluidly move between
implicit professional and implicit real-life knowledge lev-
els. The required skills set like improvisation and implicit
knowledge are taught in art schools, though hardly com-
municated in detail and difficult to measure. (Winner et al,
2013) One of the participants, an art university tutor, men-
tioned the contradictive forces at play in real-life project
based education: on one hand, there is an urgent need for
this ‘implicit knowledge’ and on the other hand there is a
strong movement of quantifying outcomes. All workshop
participants confirmed that a formal approach that uses a
business-case model and focusses on quantifying evalua-
tion criteria doesn’t acknowledge the importance of implic-
it knowledge in the catalysing artistic endeavour. Moreo-
ver, it sharpens the collision of the personal and codified
systems. To overcome this collision, the current focus on
measurable outcomes could be balanced with qualitative
evaluation criteria as known from art and design practice.
The knowledge exchange of implicit skills that comple-
ments the (economic) measurable jargon, could be used to
bridge informal with the formal domains.

As stated earlier it is argued that complex transition issues
require new modes that could use transdisciplinary ap-
proaches to transcend boundaries between disciplines and
merging positions. It was observed that artists and design-
ers often have the interest, skills and opportunities to trans-
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cend boundaries between disciplines and are skilled to cre-
ate learning potential in these formal/informal settings.
Based on literature and both case studies we consider the
following characteristics valuable: a subjective and often
holistic approach, ability to diverge, improvisation, dealing
with open endings (doubt), implicit knowledge, tacit
knowledge, ability to listen. These 21" century skills are
seen in a wider debate around education, as they need to be
implemented in institutional education to deal with an un-
known future in times of transition. As argued in ‘design
as learning’ (Boelen, 2018) design has a capacity (deal
with doubt and uncertainty) to develop this new education-
al model that evolves from a goal-oriented education to-
wards learning without pre-determined outcome. It is im-
portant to study these characteristics as it defines how we
can guide and utilize this process of collision of these sys-
tems of institutional and real-life learning as well as it
gives direction on what this new ‘fluid learning environ-
ment’ will look like. The authors conclude this paragraph
by stating that several formal or institutional obstacles in
the case studies prevented a fluid knowledge transfer and
thus block parts of the ability to learn in and from these
projects.

Discussion

This study brings forward several issues that could serve as
a start for a discussion such as: How to bridge formal and
real-life (informal) education from a 1.) amateur or 2.) a
professional or an institutional perspective? The authors
are interested to discuss the outcomes of other initiatives to
understand more about the conditions, opportunities and
implications for creative and technical vocational educa-
tion.

Conclusion

This study contributes to the discourse about the potential
value of art education for hybrid and cross-disciplinary
learning. In literature studies and two case studies the au-
thors identified several obstacles to bridge formal (institu-
tional) learning and informal (daily practice, real-life)
learning. The case studies and workshops demonstrate that
personal designerly and artistic creative approaches includ-
ing situated creativity, participatory design, improvisation,
learning through making are useful to approach complex
transition issues. It was observed that designers, artists and
developers used both professional and interpersonal crea-
tivity skills and competences to build bridges between their
practice and real-life learning. However, it turned out to be
more problematic to overcome several more obstacles with
the formal and/or institutional field. These concerned espe-
cially the evaluation criteria on the professional level and
the focus on quantitative project outcomes in real-world
projects. Here a knowledge exchange of implicit, subjec-
tive and personal artistic and designerly knowledge to the



formal fields could be beneficial to fluidly merge the for-
mal and informal learning fields. The case studies and
workshops show the risk of poor implicit knowledge an-
choring. The authors conclude that with the latter one risks
a knowledge drain that deprives art and design scholars,
and practitioners alike, to learn from these practices and to
build on the lessons learnt.

Future research

We are interested in the understanding through research
and experiments how to develop learning communities
where scholars, pro-ams and stakeholders learn through
making collaboratively and where artists and designers
learn about the potential of their role as change agents.
Furthermore, we advocate research with multi-level educa-
tional institutes in art, design and technology if and how
the above could be part of their life-long-learning policy
plans.
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Abstract

“The Transmediated Self” draws upon contemporary discourse
and theoretical debates surrounding concepts of subjectivity and
objectivity in relationship to the mediated self. The artwork is
grounded in interdisciplinary collaboration between art and
science, in particular Functional Magnetic Resonance Imaging
(fMRI), Neuroscience and Interactive Arts. “The Transmediated
Self” presents a deconstructed human form, overlapped by video
of the artist, 3D mesh and maps of active areas and tracks of the
brain as well as medical MRI scans of the head of the artist, in order
to demonstrate the contrast between humanist and technicist
approaches to viewing the human and “the self”. The main artist
serves as the subject of the medical imaging and as the primary
subject for this art-based study. This intentional use of contrasting
visual methods serves to highlight and question our cultural
predisposition to “virtual media” and our trust in technological
platforms as origins of informational and cultural “truth.”

Keywords

Art, interactive art, installation, human consciousness, hu-
man cognition, medical imaging, fMRI, brain activity.

Introduction

In 2010 in the Scientific and Philosophical Perspective in
Neuroscience Paolo Costa wrote: “We need a theory of the
self —and a very special theory, too — in order to speak about
something that lies exactly on the border between inner and
outer, value and fact, subjective and objective” (Giordano
2010). This “new theory” of human consciousness was one
of the motivating factors for this art-based research project.
The challenge is to encapsulate the “the inner and the outer,”
as well as the “subjective and the objective,” in one artwork,
which represents this search for a “new theory of the self.”
The project is also intended to raise awareness and question
the impact of technology on medicine and contemporary
culture by treating the human body as more than a “carrier,”
“case-study,” “medical anomaly,” or “statistic.” By
introducing the audience to a deconstructed model of human
visual and auditory cognition, these works invite the viewer
to participate in analyzing the relationship between the
conscious and unconscious self (Fig. 1). The project draws
on previous theoretical works that focus on the impact of

Figure 1. Prototyping Abstract Thought. Digital painting.
© Anatol Bologan.

media in contemporary culture as well as on medicine and
power. For example, Remediation by J. Bolter and R.
Grusin, introduces the concept of the “remediated self”; The
Birth of the Clinic by Michael Foucault, examines and
critiques the ways in which the medical field normalizes and
controls the human body due to advancements in
technology. This project places these two critical discourses
in dialogue, through the practice of the interdisciplinary art
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& science collaboration among the Department of
Visualization, the Department of Psychology and Texas A&M
Institute of Preclinical Studies. The primary drive of this
collaboration is focused on exploring how the confluence
of art, technology and science continue to offer a deeper
understanding of the human body and mind.

In order for the project to include a mode of “subjectivity” as
well as “objectivity,” the main artist is the subject of medical
imaging. The medical data is used as the “objective”
source material for the project. Additionally, video of the
artist was recorded speaking the words depicting the
emotions that were assessed during the fMRI scan. The
emotions scanned were a set of primordial emotions such as
love, pleasure, fear, anger, disgust. The list of words chosen was
based on the research of neuroscientist Derek Denton and his
book The Primordial Emotions (Denton, 2006).

As audience members approach the installation space, they
are greeted by a gallery of prerecorded faces and voices of
previous audience interactions with the installation. This is
meant to simulate preexisting memories of the
consciousness, encapsulated in the cognitive processes of the
artist and displayed as conscious and unconscious modes of
awareness. The audience is encouraged and visually primed
to speak their own emotions into a microphone in order to
reveal the “active listening” mode of the artwork (described in
detail in the “Interactive Technology Platform” section of
this paper).

From a conceptual point of view, the project engages with
contemporary research in the field of human cognition and
consciousness, human centered design and philosophy. New
concepts have been visually explored and prototyped
through photography, image manipulation and digital

painting (Fig. 2). Resulting compositions were presented at

exhibitions and public participation and feedback was
assessed. The images served as metaphors and visual
narrative to be explored further in physical and interactive

spaces.

To make the audience’s experience more responsive and
engaged, the artwork is based on real representation of the
artist, his brain anatomy and medical imagery. The driving
concept is to make the public’s experience as authentic as
possible. According to J. Bolter, “The appeal to authenticity
of experience is what brings the logics of immediacy and
hypermediacy together” where hypermediacy is a “style of
visual representation whose goal is to remind the viewer of
the medium” and immediacy “is a style of visual
representation whose goal is to make the viewer forget the
presence of the medium” (Bolter & Grusin, 2000). In other
words, while the viewer is aware of the medium, they are
also perceiving the media to exist independently from it,
providing an experience supported by the medium but not
confined by it.

Interdisciplinary art: overview of approach

Our current research is focused on the virtual aspect of
photography found in medical imaging as a space of
“intermediation and thinking of interactive visual spaces as
a medium born of remediation and entanglement of
technology, science and art” (Bolter & Grusin, 2000).
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According to Kathryn Hayles, remediation is a “more
faithful” term that incapsulates “the spirit of multiple
causality in emphasizing interactions among media”
(Hayles, 2010, p. 33). She claims, “in the twenty-first
century, the debates are likely to center not so much on the
tension between the liberal humanist tradition and the
posthuman but on different versions of the posthuman as
they continue to evolve in conjunction with intelligent
machines” (Hayles, 2010, p. 2). The main artist explores and
depicts this concept of different versions of the posthuman
consciousness in the digital painting Layers of
consciousness (Fig. 3). Specifically, the cross-sections of
the human face represent different senses while exposing
computer circuitry between the layers. By focusing on the
subjectivity and objectivity of the mediated self, this project
follows Hayles’s call for a “repositioning” of “materiality as
distinct from physicality” towards “re-envisioning the
material basis for hybrid texts and subjectivities” (Hayles,
2010, p. 2). Interactive works created by this ongoing
research, such as the series of sculptures entitled
Prototyping the Posthuman Self create “feedback loops,”
not only between “computation and human consciousness,”
but also “between human consciousness and the nature of
reality” (Hayles, 2010, p. 11). As the main artist’s research
expands to include additional technologies that involve
computer systems and software, he builds his practice on
theoretical works such as Human Machine Reconfigurations
by Lucy Suchman, who is specifically interested in the
interactivity and the “human conversation” with the
machine (Suchman, 2007). Suchman’s theoretical approach
regarding the impact of technology critiques what she calls
“parochial and conservative forms of liberal humanism”
(p-256) by drawing upon ideas of “intelligent machines”
found ““at the intersection of Al and new media art” (p. 243).
Within this specific intellectual space, she finds herself
interrogating and analyzing the “the ongoing labors of

Figure 2. Cognitive map prototype. Digital painting.
©Anatol Bologan.
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Figure 3. Layers of consciousness. Digital painting. ©Anatol Bologan.

design practitioners, the unruly contingencies and material
particularities of computational artifacts, and the artfully
collusive performances that make up encounters at the
human—computer interface” (Suchman, 2007).

Art, Science and the Posthuman

This work engages posthumanism and the impact of science on
what we currently consider to be transformational. It uses
visually complex narratives to respond to debates including
those of art versus science, human versus non-human, nature
versus technology. The main artist creates works that
explore the possibilities and implications of using
technology and science to imagine ourselves as posthuman. He
is seeking to create a new aesthetic that at once draws
attention to the pitfalls of Anthropocentrism while at the
same time keeping an essence of humanism. To do so, we
encourage the audience to interact with the artwork,
controlling and reinterpreting it by introducing their own
imagery and narrative into the performance of the piece.

The interactivity of this work draws upon previous
projects such as “The Eighth Day” by bio artist Eduardo Kac
among others. Kac first exhibited this work at Arizona State
University in October of 2001, soon after he introduced his
famous GFP Bunny. The exhibit was formed of transgenic life
forms modified by an enhanced CFP gene, a Green
Fluorescent Protein that was extracted from an Aequorea
Victoria jellyfish that glows in the dark. The artwork seems to
be technically sophisticated and difficult to create as many
other works created by Kac. The entire installation
represents a “Biobot” that serves as an “Avatar” for web
participants that remotely control the “eye” of the creature

and perceived “behavior of it is a combination of activity
that takes place in the microscopic network of the amoebae
and in the macroscopic human network.” Cary Wolfe, in his
book What is Posthumanism, argues that the conceptual
merits of Kac’s installation are as impressive as the
technical and logistical ones. (Wolfe, 2017) He quotes the
artist in saying that “artists can contribute to increase global
diversity by inventing new life forms.” This artwork
embodies Kac’s “own manifesto on transgenic art” and that he
imagines  “the artist literally becomes a  genetic
programmer who can create life forms by writing or altering a
given (genetic) sequence.”

While Wolfe makes these statements about the artwork, he
is aware of the ethical implications that it brings to the
forefront as highlighted by critics such as Steve Baker and
even Derrida. The author quotes Baker as saying that this
kind of work is dependent on “institutions and practices of
scientific research that subject millions of animals a year to
distressing, often painful, and usually fatal
experimentation” and Derrida pointing out that these
practices are “artificial, infernal, virtually interminable
survival, in conditions that previous generations would have
judged monstrous.” While Wolfe admits that the concerns
are important and relevant, he chooses to dismiss them and not
“discuss them” in his critique of Kac’s work and refers to it
as human/animal relationships and “a question of
posthumanism” in general.

Instead, my work directly engages the potential real or
perceived violence and ethical concerns of scientific
imaging systems and methodologies (Fig. 4) by drawing a
parallel between the lead artist as the subject of this study
and the “Visible Human” project that is currently hosted by
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the U.S. National Library of Medicine. The human cadaver
“specimen” that was used for the project was physically
transformed by being frozen and then cut in the axial plane at
1 mm intervals and photographed for a total of 1871
anatomical images generating a 15 Gigabyte dataset
(www.nlm.nih.gov). By contrast, the dataset acquired for
the “The Transmediated Self” project is 325 Megabytes and it
consists of MRI and fMRI scans of the head of the artist. Data
captured provides access to neurological structures of the grey
and white matter of the brain, revealing an insight into the
cognitive model of the “specimen.” The overarching
conceptual theme is focused on highlighting the intervention
of science and technology that have the potential to render the
human as “invisible” and disembodied “specimen” of
human anatomy and cognition. By prompting the visitors to
engage with The Transmediated Self, the audience supply
their visual and oral narrative and generate context for the
growing complexity of the piece. The audience generated
context provides the artwork with a sense of cognition and
awareness for the following wave of visitors. A continuous
feedback loop between the artwork and the audience
generates an increasing set of recorded accounts of user
interactivity and user supplied memories, reactions and
sensations. The work self-consciously highlights the
viewers’ creation of their own meanings. According to
Hales, “Cognition is a process of interpreting information in
context that connects it with meaning. If there is no context,
there is no way to generate meaning.”

Art + Science: collaborative methods

A number of contemporary artists are actively working at
the intersection of art and science. There are artworks that
engage the field of biology, microbiology and computer
science. Some of the more iconic artists such as Eduardo
Kac and Stelark have served as examples and inspiration for
many and helped establish the field of Bioart. In one of his
projects called Natural History of the Enigma, Kac created

a piece entitled Edunia, a genetically-engineered flower that

is a hybrid of Kac and Petunia. Kac is using his own body as
source material for his artwork and transforms and
remediates his own DNA “thus creating a new kind of self
that is partially flower and partially human” according to the
artist’s own statement. (Www.ekac.org)

Another prominent creative influence is Stelark,
especially the project entitled Partial Head where the artist
3D prints the surface of his face out of biological material
and “is a partial portrait of the artist, which was partially
living. Its life-support system was a custom engineered

bioreactor/incubator and circulatory system which
immersed the head in nutrient kept at 37° Celsius.”
(www.stelark.org). In both cases the artists collaborated
with researches in the field of Biology and computer science
and list a number of collaborators that helped them achieve
their creative vision. The complexity of the creative thought
and scientific expertise needed to be deployed in order to
bring these collaborations to fruition is hard to comprehend
without having been involved in such a project. The benefits
of such collaboration are long lasting and have a great
impact on contemporary culture by highlighting the
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Figure 4. Source MRI and fMRI images acquired at TIPS.
©Anatol Bologan.

importance of creative thought and creativity needed in
order to push scientific innovation forward. The number of
interdisciplinary artists is continuing to grow, and as an
artist I consider that it is very important to continue to
engage collaborators as well as the audience to push the
cultural and scientific boundaries.

Further, a strong parallel could be drawn between The
Transmediated Self project and the project developed by
Diane Gromala and Yacov Sharr entitled Dancing with
Dervish: Virtual Bodies developed in 1994 which was one
of the first Virtual Reality (VR) art-based experiences.
“Body parts from MRI scans of Gromala’s body comprised
the immersive 3D environment,” writes J. H. Seo describing
the project. She continues by adding more detail: “As users
navigated within the body parts, they deformed and
reformed according to users’ movements” (Seo, 2011).
When talking about the technology and the platform used
for this artwork, Gromala says: “What is different about the
more recent technologies, however, is the reach and scope
of these tools, their instrumentality — their ability to allow
us to « see » both inward into our own bodies and outward
to the universe” (Gromala & Sharir, 1995). In both cases,
the artists use their own medical imaging at the center of the
art pieces to engage the audience in an interactive
performance through technology that as a process of
mediation erases the artist and gives way to the new
experience generated by the viewer to take place. The dance
performances choreographed by Yacov Sharir are an
integral component of the installation and are viewed by the
audience in conjunction with the VR experience. The
noticeable difference in approach between the two artworks
is that the artist is setting the stage for the audience to
become the driving force behind the content generated by
the artwork, whereas Gromala’s 3D VR installation is
guiding the viewer through a mediated space. The
Transmediated Self, however, serves as an invitation for the



audience to engage with the artwork and input their own
images, experiences and emotions that later become integral
to the artwork.

The Transmediated Self: Design and Process
Medical Image acquisition

The MRI and fMRI session were conducted at Texas A&M
Institute for Preclinical Studies (TIPS). The scanning
session lasted two hours and forty minutes, during which the
lead artist was positioned in the 3T Siemens Magnetom
Verio Magnetic resonance imaging (MRI) scanner (Fig. 5).
Images were acquired on a 32-channel head coil. The
following sequences were imaged:

1. Standard localizer sequence.

2. Two Tl-weighted imaging sequences with a
0.8mm voxel size.

3. Resting functional MRI sequence.

4. 3 runs of functional MRI test sequences assessing
five emotions, each of which was recalled for
30seconds.

5. Diffusion sequences using 96 and 97 diffusion
directions in the anterior to posterior as well as
posterior to anterior phase encoding directions.

Image reconstruction was done on various software
including the Siemens Syngo MRI workstation (Fig. 6). The
complete dataset is 1.25 Gb in DICOM format that has been
converted to NIFTI format using MRIgroGL and FreeSurfer
software in order to make it available across other research-
based, open source medical imaging and research
applications such as FreeSurfer, DSI Studio and TrackVis.

While the anatomical and diffusion data provided to be
very detailed, the first fMRI session did not yield significant
results as the data acquired was inconclusive. Dr. Joseph Orr
recommended conducting additional fMRI scans that would
have a narrower focus and multiple repetitions of the
cognitive and emotional response in order to calculate a
more accurate median result and be able to extract a
coherent dataset.

Interactive Technology platform

The interactive platform chosen for the installation is based on
Derivative TouchDesigner software, as it provides a node-
based system that allows for multiple devices to serve as input
sources such as depth of field, proximity, live video, image
and audio capture, as well as conduct calculations and
processes. The ease of use of the software provided a fair
amount of creative freedom as multiple iterations of
interactive functionality were prototyped and tested with
ease. Nodes designed to provide access to the sensory input
from the capture devices, such as the Kinect camera and
microphone, allowed the selection of certain parameters
such as strength or duration of soundwaves or the ability to
lock and track the face of an approaching audience member
and frame it in a specific space on the frame.

The intuitiveness of the visual way to build an algorithm

to run the artwork proved to be sufficiently sophisticated to
provide the functionality and adjustability needed to create
the front-end of the interactivity. Special nodes that used
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Figure 5. Lead artist fMRI imaging session at TIPS.
©Anatol Bologan. Photo: Glen Vigus.

Kinect SDK allowed for the approach of the viewer to be
captured both on video camera as well as the infra-red
sensors, providing the ability to use multiple kinds of
functionality with a single device.

As the viewer approaches the installation area in the Z
(depth) plain, the depth sensor engages the pre-recorded
video of the artist’s head and exposes the overlapped MRI
images of the head of the artist (Fig. 7). This effect is
reversed if the audience moves back in the Z plain out of the
3D X, Y, Z space axis, therefore giving the viewer control of
how much of the depth in MRI imaging is revelled. The
microphone is used to record viewers accounts of their
memories and sensations vis-a-vis the five primary
emotions the artist fMRI reveal.

The intensity and loudness of the voice as well as the
duration of the narrative expose the active tracks in the white
matter of the brain or the artist as well as a grey versus white
surface scan of the cerebral cortex creating a rich visual
effect simulating brain activity as the artist’s brain becomes
engaged and responding to the voice of the viewer.
Simultaneously, the portrait of the audience speaking is

Figure 6. fMRI imaging session, software screen. TIPS
© Anatol Bologan. Photo: Glen Vigus.
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becoming more apparent and is projected into the
composition, facing the artist’s portrait. This suggests a face
to face conversation. The image of the viewer is rendered
with diffused edges and desaturated colour. As the narration
stops, the image fades away, exemplifying perception and
the artist’s cognitive mechanisms of memory.

Integration

From a conceptual point of view, integrating different visual
sources into coherent artwork has proven to be one of the
challenges in this project. Each type of media, such as
medical imaging and video, contains a certain pre-existing
aesthetic and cultural meaning. The intention was to
separate the clinical application of the brain MRI and
diffusion data imaging and interject it with a metaphor of
consciousness and dimension of thought. Computer-
generated medical images have a clinical and utilitarian
cultural association. Converting that perception of the
public to accept it as an objective representation of the
mediated self of the artist is a conceptual requirement for the
project.

The other important aspect of the project is focused on is
the audience interaction with the installation. A large
portion of the overall layout remains invisible until the
audience chooses to engage with the artwork by walking
closer to a designated area, where they can speak into the
microphone, therefore exposing hidden functionality that is
not initially accessible. Once the sound of the speaker’s
voice triggers the particle cluster to expose the overlaid 3D
image of the grey and white matter of the artist’s brain, the
audience can see that the intensity and duration of their
speech activates additional interactivity and provides
additional content and context for the artwork. Proximity to
the artwork is another important element of the interactive
space, as it reveals the overlay of medical MRI imaging over
the exiting video of the lead artist in the left side of the
screen. The overall orchestration of a coherent collaboration
of all elements involved creates an organic and immersive
experience. The viewer is engaged with the artwork as it
feels and responds to his or her interactions.

Interactive Experience

The intention for the project is to draw the audience into a
mediated experience where they are included into the
artwork by engaging with the physical space and narrate
their emotional responses, memories and associations with a
predetermined set of primordial emotions such as Love,
Fear, Disgust, Pain and Pleasure. Derek Denton argues that
“neuroimaging confirms major activations in regions of the
basal brain during primordial emotions in humans” and that
they are the “likely precursors to consciousness” (Denton,
2006). While participating, the audience is interacting with
the artwork, their images and narrative is being captured and
processed by the system.

As previously mentioned, the physical installation is
comprised of camera and depth sensor such as a Microsoft
Kinect, camera, microphone and a display. This allows the
participants to be visually included into the installation and
take active part in how the artwork is displayed. The
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interactivity  platform is  built using Derivative
TouchDesigner and is using Microsoft Kinect SDK to track
the subject from the audience and include their image in the
interactive visual space of the installation. An overlay of
structural anatomical images was displayed over the main
portion of the head of the artist as the viewer was
approaching the display of the installation. As the next set
of viewers approaches the installation space, they will be
greeted by a gallery of prerecorded faces and voices of
previous audience interactions with the installation. This is
meant to simulate preexisting memories of the
consciousness encapsulated in the cognition model of the
artwork that is based on the neurological network of the lead
artist.

The composition of the “The Transmediated Self”
installation has different stages of engagement with the
audience. The first reveal of the composition is shown to the
public as a visitor approaches the installation area and he or
she can see previous interactions in a form of recorded and
stylized images and narrations of the prior interactions. The
second stage is when the audience enters the active viewing
space designated to engage depth perception of the Kinect
camera and the layout of the visual space is showing the
artist’s head ready to engage with the new visitor (Fig. 8)
and engaging the viewer and his/her proximity to the
artwork. The third and final stage of the interactive space
becomes active and visible to the viewer when he or she
starts speaking into the microphone, and the layout of the
visual interactive space is reacting to the audience
participation. As the viewer stops the vocal narration and
moves backwards, the visual space becomes less engaged
and reverts back to the original composition. Within

Figure 7. Floor plan for The Transmediated Self
interactive installation. ©Anatol Bologan.
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Figure 8. The Transmediated Self. Image capture from interactive installation. ©Anatol Bologan.

moments the image and the vocal narration of the latest
interaction is in played back, symbolizing becoming a
memory in artist’s consciousness.

As the audience interacts with the artwork, each
interaction is different. While having a similar overall
interactive structure, each experience is unique due to the
visual and vocal input from the viewer. The viewer’s initial
reaction is to passively observe the installation; however, his
or her interest is captured the moment they realize that his or
her proximity to the artwork influences the visual
composition. In many cases, the audience moves back and
forward in order to test the responsiveness of the artwork.
Once they start a speaking into the microphone, they are
surprised again by the fact that there is an additional visual
response by the artwork to their actions. These simple
interventions by the audience results in their interest and
commitment to continue their interactions and experience
the installation in more depth. Further studies of user
experience and feedback from the audience on their
experience will be conducted at future exhibitions and
events where the artwork will be shown.

In summary, the creative interpretation of the medical
images invites us to analyse how we can counteract through
art the potential dehumanization of medical imaging. We
create our own aesthetic out of our own bodies, and thereby
claim our subjectivity through objective data.

Future Directions

A series of art projects are planned to expand the usage of the
dataset created through this interdisciplinary
collaboration. It is bound to address a series of philosophical
questions regarding mediated and disembodied identity of
self through a process of digitization and commoditization

of the individual in contemporary society. Questions
regarding the neuroethics, artificial intelligence, cognition
and consciousness will be pursued through the visual
analysis of the process of interpreting information and the
context that connects it with meaning. Through this current
project the main artist is creating a model, a mode of
enquiry: as a “human specimen,” he is in possession of his
own data and he can access the data by using open-source
software to view and analyse it. He can generate new
connections, content and source material for future projects
and extract more context out of the dataset he currently has.

However, this account also highlights the fact that this
model  cannot be  democratized under  current
socioeconomical circumstances. It underlines existing
ethical concerns surrounding medical data and patient
privacy, as it is still a challenge to allow patients to truly
possess their own data. Another important factor is access to
medical imaging technologies by patients who need it as well
as the privilege of access to medical and computer-based
technology. Therefore, we would hope that “The
Transmediated Self” project can start a productive and
collaborative conversation about research-based art and can
become and invitation for future debate about how this
aesthetic can be truly transformative.

Conclusion

“The Transmediated Self” project serves as a first proof of
concept in a list of planned future collaborative work where
art, medical and computer science converge to generate a
mutually inclusive and coherent collaboration. The
collaboration with Texas A&M Institute for Preclinical
Studies are continuing for future projects, and full body
scans are planned to create a larger and more encompassing
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data set of the artist’s biological information. A number of
the artworks and case studies about the projects will be made
available to a  wider audience online at
www.humanspecimen.com
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Abstract

This paper describes the system design of Robinion - a robot
magician. In particular, we focus on Robinion’s personality
traits. One of the research goals is human robot interaction. A
good magic trick includes good presentation to increase the en-
joyment of the audience. Magicians often use various person-
alities in their performance to adapt it to the audience. We de-
scribe Robinion’s sophisticated traits and communication sys-
tem that allows it to present different personalities during the
performance of a magic show. A magic trick is broken down
into a discourse plan which may include speech, gestures, or
actions. We call each step in a discourse plan a speech act.
Each speech act in the discourse plan is labeled along various
dimensions. The system selects a suitable response by calcu-
lating how well the speech act matches the magician’s current
personality and the current state of the discourse. So Robin-
ion can keep the audience interested, even when repeating a
similar trick.

Keywords

Robot performance art, Humanoid robot, Robot magic show,
Robot personality, Verbal & Non-verbal Communication,
Human Robot Interaction, Roulette Wheel Selection

Introduction

Each year, the IEEE International Conference on Intelligent
Robots and Systems (/ROS) organizes a series of competi-
tions to showcase the current state of various important robot
technologies for other roboticists, hobbyists, and the general
public. “Robot Magic” was the topic of the fifth Humanoid
Robot Application Challenge (HRAC) and the second time
that the area of robot magic tricks was used as the applica-
tion domain[3]. The judges in JROS HRAC evaluate the live
performance of a humanoid robot magician[5] (see Fig. 1).

The famous magician James Randi (1928) states “Magi-
cians are the most honest people in the world; they tell you
they’re gonna fool you, and then they do it.”. Good magicians
are masters of misdirection, using biases in human attention,
perception, and reasoning to their advantage. For example,
they make people focus on their right hand, while the trick
happens in their left[2].

We were concerned about how our humanoid robot, Robin-
ion, could make a magic show. We researched the history
of magic and analyzed various videos of magicians and their

Figure 1: IROS2017 HRAC stage

acts. We also referred to videos of robot magicians that par-
ticipated in the previous competition. We learned that there
are two equally important aspects to a magic trick. One is
the technical aspect of the trick. That is, how does the ma-
gician palm a coin or move a card to the top of a deck of
cards. The other part is the interaction with the audience.
This includes the magician’s persona, the banter during the
act, and other interactions with the audience. We therefore
focused on two factors in our magic trick. Firstly, we selected
magic tricks that technically could be performed by the robot.
Secondly, we worked on developing a persona for our robot
magician Robinion and developed some interesting interac-
tions between the robot and the audience. Showy magic tools
can be effective, but they are difficult to apply to humanoid
robots. So we selected two magic tricks using a coin, a plastic
bottle, a piece of paper, and a marble. Our magic tricks are
simple, but they are very effective in attracting an audience.
Coin magic is the manipulating of coins to entertain audi-
ences. Coin magic is generally considered harder to master
than other close-up techniques such as card magic, as it re-
quires great skill and grace to perform convincingly, and this
takes a lot of practice to acquire[6]. An audience is the most
important element of a magic show. Therefore, we have to
consider how an audience appreciates a magic show. We de-
veloped an interesting and engaging magic trick and also de-
veloped a sophisticated model of the robot magician - audi-
ence interaction. In particular, our robot will not present the
same magic show twice, since we can adapt the interaction
by changing the personality of Robinion. So the audience is
entertained, even if they watch the same trick twice.
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In the Magician: Humanoid Robot section, we describe
the hardware architecture of our humanoid robot magician
and explain some of the important design choices. The Sys-
tem Architecture section describes the humanoid magic show
composition and tricks. We describe the speech act algo-
rithm of our robot magician based on personality vectors in
the Speech Act Selection section. In the Communication sec-
tion, we show the communication model that we used in the
magic show. Finally, we mention our experiment results and
future work in the Conclusion.

Magician: Humanoid Robot

This section describes the hardware of our magician hu-
manoid robot (Robinion). The humanoid robot is 85cm tall
and weighs 7.5kg. In total, the robot has 25 degrees of free-
dom (five in each leg, six in each arm, one in the torso, and
two in the head) as shown in Fig. 2.

Figure 2: Magician: Robinion

The robot is manufactured using aluminum and uses a
Robotis Dynamixel series for each joint. MX-106 is used
in the leg, MX-106, RX-64, and MX-28 are used in the arm,
while AX-12 is used in the neck. For better noise resistance
we use an RS-485 bus to communicate with the actuators in
a star topology. There are communication buses connected
to the main processor board, one for the legs, another for the
arms, and another for the head[4].

The robot system is divided into 2 parts: a controller that
controls servo motors, reads sensors and calculates motions,
and a single board computer (SBC) that recognizes the envi-
ronment and controls the robot’s behavior (see Fig. 3). The
controller is composed of a Cortex-M3 board for controlling
devices, an IMU for reading the robots status, servo-motors
for moving the robot, a PMIC for regulating power sources,
and FT232/Bluetooth for communicating data with the con-
troller. The SBC calculates real-time image processing, han-
dles voice recognition, calculates algorithms, and controls
robot behavior[4].

System Architecture
Composition of robot magic show

Reacting quickly and quick-handedness are important com-
ponents of magic, that is why most people think that “magic
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Figure 3: Robinion Block Diagram

is a deception.”. The hands of robots developed so far are
limited in being able to express things as delicately as a hu-
man hand. It is not easy for audiences to have a ‘fantasy’
about magic, as the number of people who do magic as a
hobby is increasing and research of the tricks is becoming
more popular, so the secrets of magic tricks can now be eas-
ily accessed online, such as on YouTube. Robinion, our hu-
manoid robot, needs the help of the participant in JROS2017
HRAC. Therefore, it is difficult for the humanoid robot to per-
form the magic show completely independently from start to
finish. Also, it is difficult for competitors who are not pro-
fessional magicians to demonstrate their showmanship skill-
fully in situations that cannot be predicted with a humanoid
robot. How can we perform an effective magic show with
a humanoid robot under these restrictive conditions? Good
magicians are masters of misdirection, using biases in human
attention, perception, and reasoning to their advantage.

magictrick @ Peﬁ_‘;’;;my
coin, bottle -
magictrick Hurancid /
goalyses character
magictrick @ Res
coin, bottle, ponse
paperguard, Selection
marble
technical part
dialogue |4>| language verbal |
stage "
direction H acting nonverbal |
A

directing

Figure 4: team ZSTT - Magic Show composition

For example, they make people focus on their right hand,
while the trick happens in their left. Robot magic shows need
not only the technical parts, but also the research that reflects



the various senses of the audiences who watch the show, the
background music and the story. This research consists of
technical parts that analyze and apply the magic tricks that a
humanoid robot can perform, and a directing part that creates
a script (see Fig. 4).

Humanoid magic show tricks

Trick | Tool Type Sensory system
st coin, bottle stage magic | sight,touch,
magic listening

2nd coin,paper guide | stage magic | sight,touch,
magic | bottle,marble listening

Table 1: Team ZSTT: Magic Tricks

IROS2017 HRAC-Robot Magic was stage magic which
was held in a large stadium (see Fig. 1). The magic show
of team ZSTT consisted of two tricks (see Table 1), and it
proceeded with some magic tools, as well as the interaction
of participants and robots through speech recognition.

Figure 5: 1st magic trick: Grasp bottle, Grasp coin, Line up
bottle and coin, Release coin

The first trick was made up of a simple illusion that used
a coin and a plastic bottle (see Fig. 5). The magic was to
put the coin in the correct position of the plastic bottle with
a hole (see Fig. 7(a)). Before showing the magic, the par-
ticipant confirmed with the audience several times that it is
impossible to put a coin in the plastic bottle, which had a lid
screwed on it, but actually also had a hole which was being
hidden by his hand. The audience cannot predict the trick if
the plastic bottle entrance is blocked by a lid. Robinion can
proceed quickly on the first trick because it is very simple, but
it is not easy to calculate the kinematics and Centre of Mass
(CoM) of a robot when the robot moves its arm to grasp the
bottle and drop the coin into the correct position. If the robot
performs the motion of the magic trick, the center of gravity
of the robot changes. Therefore, the robot controls its balance
through CoM analysis. The robot failed several times during
practice, and we were able to calculate the robots exact arm
position through various kinematic iterations when the robot
grasps the plastic bottle, grasps the coin, and puts the coin in
the bottle.

In the second magic trick, after analyzing a trick performed
by an actual magician, we modified the trick so that our hu-
manoid robot could do it. The robot puts a paper guide at
the entrance of a plastic bottle and puts a coin in the guide to
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Figure 6: 2nd magic trick: Grasp bottle, Grasp paper guide,
Line up bottle and paper guide, Release paper guide, Grasp
coin, Line up bottle and coin, Release coin, Grasp marble,
Line up bottle and marble, Release marble

block the entrance (see Fig. 6). The robot drops a marble and
puts it into the plastic bottle, the entrance of which is blocked
by the coin. What is important in this magic is the entrance
size of the plastic bottle, the coin, and the marble, and the
weight of the coin and the marble. The original trick is to put
the marble into a plastic bottle with the coin turned upside
down by the momentary force of the marble when the mar-
ble is dropped. However, there were some problems in that
the robot failed when it dropped the marble according to the
weight of the marble. For example, when a heavy marble was
thrown into the bottle, the robot missed the bottle or when a
light marble was thrown into the bottle, the marble did not
enter in the bottle and stayed on the coin. If the magic that
failed in the practice was shown again in the actual magic
show, the immersion of the audience would be reduced. If
the difficult second trick was unsuccessful, it would reduce
the magic show’s perfection. To solve problems, the robot
dropped the coin between the guide and the entrance of the
bottle with accurate position control (see Fig. 7(b)), but peo-
ple thought that the bottle was blocked. After that, we put the
marble in the bottle, which, of course, was not really blocked
by the coin.

Figure 7: Magic tricks: (a) 1st trick, (b) 2nd trick

Speech Act Selection

This study was developed to enable the robot to perform a
magic show that is not repeated word-for-word each time.
That way, even if the audience keeps on watching the same
magic show, it makes the magic show more interesting be-
cause they cannot predict the robot’s next line. Users can con-
tinue to add robot personality traits and different responses.
The more robot personality traits and responses there are, the
more various the magic shows the robot can produce will be.
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Magician Personality Traits

Before starting the show, the user sets Robinion’s personality
based on the Magician Personality Vector (MPV). Each prop-
erty of the MPV has a value between 0 and 1. Robinion will
perform magic shows with different personality traits every
time according to how the MPV is set up before the start of
the magic show. For example, if Robinion has three personal-
ity traits: humor, aggression, political, the MPV is composed
of humor(serious[0] to comedy[1]), aggression(nice[0] to ag-
gressive[1]), and political (neutral[0] to political[1]).

e MPV: [Humor], [Aggressive], [Political]

Response selection

In the magic show, the humanoid robot communicates with
participants and audiences with various responses. The Re-
sponse Selection Vector (RSV) is set to the same properties
as the MPV’s chosen personality traits. There are various re-
sponses for each situation, and if there are more responses,
various magic shows are possible. The properties of the RSV
have a value between O and 1, and 0.5 is neutral. Each RSV
is expressed as a vector of humor, aggression, and political as
with the composition of the MPV.

e RSV: [Humor], [Aggression], [Political]

— Sentence 1: My dog is smarter than you.

— Sentence 2: You and [Politician A] must have been in
the same jerk school.

For example, in the two response sentences above, the first
sentence is expressed as an RSV of [0.8, 1.0, 0.0] since it is
quite humorous, very aggressive, and not political. The sec-
ond sentence is expressed as an RSV of [0.8, 0.8, 1.0] because
it is humorous, aggressive, and a controversial political opin-
ion. In other words, all responses are expressed by vectors
such as [Humor, Aggressive, Political], and the final response
is determined by the calculation of the developed Roulette
Wheel Selection (RWS) algorithm.

Roulette Wheel Selection

Our humanoid robot selects one response from various re-
sponses by applying the Magician Personality Vector (MPV)
and Response Selection Vector (RSV) to the Roulette Wheel
Selection (RWS) Algorithm. The RWS normalizes the result
of a dot product of the MPV and RSV to a value between 0
and 1 to apply to RWS. Then, the algorithm arranges the result
of the normalization using the RWS. The selected response is
more likely to be the higher of the dot product result of the
MPV and RSV. For example, a user sets Robinion’s personal-
ity trait to 1, and sets the two sentences described above to
51, s2 (see Fig. 8).

—

m = [0.3,0.8,0.5]
51 =10.8,1.0,0.0]
52 =1[0.8,0.8,1.0]

The result of a dot product of m and sl, m and s2 is as
follows.
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l

—

Dot product : slg=m-s

—_

1.04
Dot product : $24 =1 - s2 = 1.38

Figure 8: Dot product of MPV and RSV

Then we normalize the result of the dot product to 0 and 1
for the RWS as shown below (see Fig. 9).

1
Normalize : sl, = _ S 0.43
slg + 824
2
Normalize : 82, = _ %4 0.57
slg+ s24

The user cannot predict the Roulette Wheel result, but it
is true that the second sentence with the higher dot product
result is more likely to be selected. In this research, we de-
veloped the Magician Personality Vector, Response Selection
Vector, and Roulette Wheel Selection Algorithm based on a
system of probability. So our humanoid robot can perform
various magic shows through the MPV, RSV, and RWS.

Figure 9: Normalize

Communication

Humanoid robots, which are similar to a human, are used
in various performing arts such as theaters and musicals[1].
The communication in this show consists of interactions be-
tween several players. In the magic show, interaction between
Robinion and an assistant (Jaesik) occurs visually, but inter-
action between Robinion and the audience occurs invisibly.
Visible interaction is created in the direct process of sending
and receiving magic tools between the magician and the as-
sistant, and invisible interaction is generated in the process of



observation (without direct participation) of the two perform-
ers by the audience. In this study, interaction is defined to
include both active interaction and passive interaction. Hu-
man Robot Interaction and Human Robot passive Interaction
were defined as HRI and HRpl. Fig.10 shows the process in
which HRI and HRpI occur between Robinion, the assistant,
and the audience in this magic show.

Robinion
Performer 1 (leading role)

assistant / Y Audience
Performer 2 <

(supporting role)

Figure 10: HRI communication block diagram

When a magician humanoid robot starts the performance
on a stage, the stage becomes a special space because the hu-
manoid robot interacts with the audience. In this space, the
audience communicates directly or indirectly through sensory
organs with the humanoid robot. Communication in a perfor-
mance such as a magic show is a complex mixture of two
elements: verbal and non-verbal communication. Fig. 11 de-
picts a communication model which is a process in which
the audience watches Robinion’s magic performance. The
largest rectangle in the model expresses an area in which
communication takes place between the audience and Robin-
ion. Our humanoid robot is a sender who sends a message
in the magic show, and an audience acts as a receiver in the
magic performance. Each of the areas of stepl and step2
in the model express a step where the audience receives our
message while watching the magic show, this is an important
aspect of what we want to deliver in the magic show. From
the moment the audience enters a venue, the audience begins
to communicate with Robinion’s message (triangular area in
the model). An area of mutual understanding gradually in-
creases after passing the message and method fields. In the
model, the method in which the message is delivered is by
having the magic show and communication proceed in paral-
lel. Robinion’s magic performances are not interactive, and
the audience appreciate the show through vision and a sense
of hearing in the channel. Robinion’s magic performances
use both verbal and nonverbal communication, and the view-
point is part of our intention. The viewpoint is intended as
a deliberately planned form of behavioral communication to
influence others. Robinion, which transmits messages in the
magic show, is a direct medium, in which the physical in-
teraction is expressed more strongly than the communicative
interaction.

Full Papers

Figure 11: Robot magic show communication-model

Conclusion

In this paper, we show our research in /IROS HRAC-Robot
Magic, an international robotics competition that evaluates a
humanoid robot’s magic. This paper shows our research af-
ter participating in /JROS HRAC, a global robot competition
that comprehensively evaluates the performance of humanoid
robot magic. It is a special experience for an audience to ap-
preciate the magic show that the humanoid robot performs,
but it can only focus on some aspects of technology. We
showed Robinion, a humanoid robot magician with a variety
of tendencies, which were included to create more interest in
and appreciation of the magic show. Because the competition
is a live performance for a given time, it is important to re-
search how to express magic tricks and communicate with the
audience. Our humanoid robot magician, which is not simply
a robot that only works as programmed, gives us an oppor-
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tunity to think about the benign interaction of humans and
humanoid robots, instead of raising philosophical and other
heavy questions. We achieved a good result(2nd place) in
IROS2017 HRAC, but there are still a lot of things to do in
the future, such as creating a scenario with a story, includ-
ing active audience participation in the show, and having our
humanoid robot magician be able to act independently. The
motions of the humanoid robot used in the magic show oper-
ate on an open loop system, so if an external force is applied
to the robot, the robot may fall down. In the future, it will be
necessary to build a stable system by implementing a system
that can balance by calculating the center of gravity in real
time through feedback control with the /MU developed in the
robot.
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Abstract

Potential for the improvement of public space through technology
is often sought in telephone applications. However, public space
exists by grace of physical interaction between people and their
environment, whereas smartphones often get in the way of such
interaction. In contrast, Sensory Augmentation takes physical in-
teraction as a starting point for applications. In this paper, we there-
fore explore the innovation potential of Sensory Augmentation for
the improvement of public space. This was done by organizing
brainstorm sessions aimed to yield design concepts for the appli-
cation of sensory augmentation in public space. These brainstorms
brought together experts in Sensory Augmentation with various
stakeholders and resulted in 34 unique design concepts that ad-
dressed social interaction, play, health, navigation, and art, in pub-
lic space. These concepts, for example, included a tool for the man-
agement of private space using a personal distance-to-vibration
mapping, a sense for physiological changes that are indicative of
hunger, and a proposal to improve the safety of ‘smartphone Zom-
bies’. On the basis of our analysis of the 34 concepts, we conclude
that Sensory Augmentation holds a broad potential to improve pub-
lic space. As such, our research provides a first look into this inno-
vation potential and may guide further research on it.

Keywords

Sensory Augmentation; Public Space; Artistic Research; In-
terface Design; Cognitive Science; Applications

Introduction

Sensory Augmentation (SA) applies perception theory that
revolves around the idea that people perceive the world on
the basis of correlations between their physical actions and
the changing sensory input that results from those actions.
[1] Based on this principle, also non-human sensor data can
be translated into signals that are compatible with the human
senses, in order to increase our ability to understand the
world beyond what is “naturally” possible. [2] Interfaces
that enable such translations have led to groundbreaking ap-
plications in the domain of health. For example, SA appli-
cations are being developed for people with impairments of
the vestibular system that translate orientation into sound or
convert image into stimulation of the tongue, providing a
new sense of balance. [3] Another example, The Enactive
Torch, is a flashlight-like box that translates the signal from

Alwin de Rooij
Department of Communication and Cognition
Tilburg University
Tilburg, the Netherlands
alwinderooij@tilburguniversity.edu

a remote sensor into vibration of the box. [4] Moving this
'torch' offers the experience of 'seeing with your hand',
which has been shown particularly useful for people with
visual impairments. Despite successful health applications,
the innovation potential of SA for other domains has barely
been explored.

Public space design, the design domain that focusses on
the development of places that are accessible and open to
people, may provide such an application domain. Public
spaces are continuously (re)developed in response to many
different and changing challenges; from improving our
sense of security to encouraging young people to exercise.
While many of these challenges are nowadays addressed us-
ing smartphone applications, these devices have a difficult
relationship with the core value of public spaces; the facili-
tation of physical interaction between people and their envi-
ronment. In contrast to most software applications running
on smartphones, physical interaction between people and
their environment is the starting point for the design of SA
applications. As such interaction is abundant within it, it
seems that a wide range of possible applications is conceiv-
able in the domain of public space design especially. This
leads us to take a first look at the research question: What is
the innovation potential of Sensory Augmentation for the de-
sign of public space?

To explore this research question, we have conducted a
first inventory of potential applications as part of an ongoing
collaboration between four partners: a specialist in IT appli-
cations for public spaces, a university of applied sciences
and a research university that conduct collaborative practi-
cal and scientific research into SA, and a cultural organiza-
tion specialized in interdisciplinary approaches to produc-
tion and presentation.

Method

On July 4, 2018, an interdisciplinary group of experts and
stakeholders was brought together at V2 Lab for the Un-
stable Media, Rotterdam, NL, to explore the innovation po-
tential of SA for the design of public space.

Proceedings of the 25th International Symposium on Electronic Art



ISEA2019, Lux Aeterna

Interdisciplinary Approach

Previous research has shown that exploration of the innova-
tion potential of SA can benefit specifically from collabora-
tion in interdisciplinary groups that include artists and sci-
entists. [5, 6] This is because “creative research practices
emphasize the role of personal or subjective experiences”,
whereas “in the sciences ... the subjectivity that accompa-
nies experience is usually seen as an undesired variable that
is to be controlled rather than enhanced” to obtain general-
izable knowledge, [7] p. 90. Knowledge obtained through
these different methods can complement each other, provid-
ing a broader basis from which to develop creative and in-
novative ideas. [6] Participants for the present study were
selected on the basis of these assumptions.

Participants

Experts. Each partner in the ongoing research was repre-
sented by one lead researcher whom together invited four
experts on the topic of SA to participate in the workshop.
Just as the lead researchers, these experts all had previous
experience in the application of SA. Stakeholders. Collabo-
ratively, the experts identified stakeholders in several public
space design challenges. These included an academic spe-
cializing in urbanism, a municipality policy developer, an
artist duo specializing in interactive public artworks and a
company developing interactive systems for play in public
space.

Format

An introduction to the theory and practice of SA and its in-
novation potential by two lead researchers preceded a se-
quence of five parallel brainstorming sessions on specific
challenges within the domain of public space. Each parallel
session lasted one hour, and consisted of three groups with
randomly assigned experts and stake holders. The chal-
lenges selected were based on the backgrounds of the ex-
perts and invited concepts that would facilitate or stimulate
innovative forms of 1) play, 2) social interaction, 3) health,
4) navigation, and 5) art - within public space and incorpo-
rating the principle of SA. Each challenge was introduced
by an expert at the start of each brainstorm, including the
demonstration of an application relevant to the challenge
and used as a starting point for the brainstorm. The brain-
storms were moderated by two of the four lead researchers,
who gave brief impulses in each of the five parallel discus-
sions to steer the discussion towards design concepts for the
application of SA in response to the challenge. Each group
was urged to deliver at least one design concept at the end
of each brainstorm; the maximum number of concepts was
undefined. The resulting concepts were subsequently hung
from several washing lines, after which they were presented
and discussed in plenary. After the brainstorms, an evalua-
tion of the concepts took place in which each participant was
provided with five sticky notes; each note representing one
point to award to (stick on) the design concepts that they felt
held the largest innovation potential for SA in public space.
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Data Processing

For the analysis, redundant concepts were removed from the
sample (n = 7). For example, if a concept using the same SA
application to support tennis training and another was to us
it for soccer training, this would be counted as redundant.
This enabled a first look at the overall innovation potential
of SA in public space. Consensual assessment was used by
the two lead researchers to develop a hierarchy of design
concepts. That is, concepts were grouped into primary and
secondary application domains (e.g., if a primary domain is
“art” a secondary domain could be “narrative”). This al-
lowed further analysis to pinpoint where (in what sub-appli-
cation domains) SA may have a particularly strong potential
for innovation. Moreover, consensual assessment was used
to check what concepts adhered to SA principles. This was
used to support the validity of the results. Finally, concepts
that were awarded more than three points by the experts and
stakeholders were classified as having “potential for inno-
vation”; concepts awarded more than zero but less than three
were classified as having “possible potential for innova-
tion”; whereas concepts awarded with zero points were clas-
sified as currently having “no potential for innovation”. This
categorization provides further specification of what poten-
tial for innovation SA holds for these application domains.

Reporting and Documentation

Notes of the presentations and discussions were taken by a
dedicated reporter (Figure 1) and formed the basis for a writ-
ten report. [8] Photo-documentation was made of all the re-
sulting design concepts, including the points that were
awarded to them by the participants.

Figure 1. The reporter takes notes of a brainstorm. ©Kris Vleugels.

Results

The workshop yielded 34 unique design concepts for the ap-
plication of SA for public space. (Figure 2) The concepts
could be grouped into five primary application domains: 1)
play (n = 6), 2) social interaction (n = 3), 3) health (n = 7),
4) navigation (n = 10), and 5) art (n = 8).
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Figure 2. Visualisation of the amount of unique design concepts a) organised by their primary (bold) and secondary application domains,
which b) incorporated SA principles, or ¢) did not incorporate SA principles.

Primary and Secondary Application Domains

Within each primary application domain, more specific sec-
ondary application domains could be identified, suggesting
a broad range of application domains that can be innovated
on the basis of SA principles.

Design concepts for play indicated a potential to innovate
training (n = 3), games (n = 2), and safety (n = 1). These
included augmented sports training, e.g., by using a move-
ment-to-tactile mapping to help learn the optimal move-
ments needed to kick a ball into an intended direction, and
augmented game play, e.g., by equipping soccer players
with a 360° movement sense via a Doppler-to-sound map-
ping so that members of an opposite team could be sensed
from all directions. All concepts for play incorporated SA
principles.

Design concepts for social interaction indicated a poten-
tial to innovate the management of private space (n = 1),
crowd control (n = 1), and dating (n = 1). These included
augmentation of sensing private space in 360° (Figure 3a)
by using a distance-to-vibration mapping that indicates
when someone is within your private space range (which
could be made dependent on a user’s orientation relative to
other people), augmented crowd control by using a distance-

to-vibration mapping to choreograph movements within
large masses, and augmented sensing of potential partners
by a physiology-to-magnetic pull mapping that generates an
actual physical pull depending on physiological measures of
attraction. All concepts for social interaction incorporated
SA principles.

Design concepts for health all related directly to potential
innovations in health care (n = 7). These included using aug-
mented posture sensing via a position-to-vibration mapping
to support attaining a correct posture as part of physical ther-
apy, prevention on apathetic states via a combination of
physical inactivity sensing and subsequent activating feed-
back, and support of eating habits in dementia care by sens-
ing physiological changes that are indicative of hunger to
subsequently present eating inducing stimuli (Figure 3b).
The specific aim of the latter two concepts was to support
elderly to be able to take care of themselves longer. Of the
seven generated concepts for health, two did not incorporate
SA principles.

Design concepts for navigation referred to potential inno-
vations for improving safety (n = 7), as well as transporta-
tion (n = 2) and choosing musical experiences at festivals (n
=1). These included augmenting the ability to sense obsta-
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Figure 3. Three examples of design concepts; for a) social interaction, suggesting a potential to innovate the management of private space
using a distance-to-vibration mapping is awarded five ‘points’ b) health, in which sensory augmentation is applied to dementia care by
sensing physiological changes that are indicative of hunger and subsequently presenting eating inducing stimuli, and c) rnavigation, improv-
ing the safety of ‘smartphone Zombies’ by augmenting the ability to sense obstacles outside the user’s attentional scope and is awarded four

‘points’. ©Michel van Dartel

cles outside the user’s attentional scope on the basis of a dis-
tance-to-object-to-vibration mapping that indicates an ob-
ject in the user’s path while attention is focused on their mo-
bile phone (benefitting the safety of ‘smartphone Zombies’
during navigation through cities (Figure 3c)); and augment-
ing a user’s sense of hearing via an orientation-to-live music
mapping that enables users to orient themselves toward a
podium at a festival by hearing the music that is playing
there while navigating toward it. Of the seven concepts for
navigation, two did not incorporate SA principles.

Design concepts for art in public space suggested a po-
tential to innovate the construction of narratives (n = 2), mu-
sic making (n = 3), and interfaces (n = 3). These included
using SA principles to construct a novel way to navigate a
narrative by mapping variable input (such as heart rate, lo-
cation, time of day) to media fragments and the use of such
variable input to play a musical composition in a way
mapped to the ongoing weather conditions. As such, SA
principles appeared to enable more situated and situationally
aware forms of art in public space. However, important to
note here is that of the eight concepts for art in public space,
most concepts for music making (n = 2) and all of the inter-
faces (n = 3) did not incorporate principles of SA.

Expert and stakeholder evaluations

The ratings of the experts and stakeholders of the design
concepts provides further indication regarding interesting
starting points for making the innovation potential of SA for
public space a reality (Figure 4).
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As concepts categorized as having a possible potential for
innovation (n = 11) or having no potential for innovation (n
= 9) included concepts from each primary application do-
main, the evaluations indicated that design concepts from all
primary application domains held a potential for innovation
(n = 6), albeit to a lesser extend for the domain art. In par-
ticular, a potential for innovation was attributed to concepts
focused on navigation safety (n = 2), for humans, i.e., aug-
mented sensing of temperature in order to navigate the cool-
est route on a hot day, and for animals, i.e. location-aware
conditioning of virtual borders with the aim to maintain a
desired level of biodiversity; Health care (n = 2), focused
on supporting elderly to self-care longer, i.e., via the preven-
tion of apathetic states and supporting eating habits through
SA; Play and sports training (n = 1), i.e., by means of a suit
that uses vibrations to give a user error feedback on their
posture and movements during work-outs; and Social inter-
action (n= 1), via the augmentation of sensing private space
in 360°, enabling new ways to manage private space.

Some design concepts also received profuse criticism
from the experts and stakeholders during the plenary discus-
sions and, resultantly, received zero ‘points’ at the end of
the workshop, indicating no current potential for innovation.
These concepts were rated as such because these were con-
sidered either not feasible, e.g., the concepts for augmented
crowd control that used a distance-to-vibration mapping to
choreograph movements within large masses, or not origi-
nal, e.g., a device that conveys orientation during scuba div-
ing. This is noteworthy because neither a lack of feasibility
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Figure 4. Visualisation of the amount of unique design concepts that incorporate SA principles organised by expert and stakeholder ratings

for their innovation potential.

or novelty excludes the possibility of the concept having in-
novation potential in the longer term.

Overall, these findings underline the observation that
there is a broad range of possible design concepts that hold
potential for SA in the improvement of public space.

Discussion and Conclusion

The present study provides a first look at the innovation po-
tential of SA for the improvement of public space. The re-
sults presented above support previous research suggesting an
innovation potential of SA for the domains of play, social
interaction, health, navigation and art. For all of these five
domains, our findings suggest that public space should be an
area of particular interest to researchers and developers ex-
ploring this potential. There, the physical interaction be-
tween people and their environment that SA require is abun-
dant, giving rise to a wide range of possibilities for its appli-
cation.

Our results also identify various secondary application
domains that hold innovation potential for SA within the
five primary domains of health, navigation, play, social in-
teraction and art. These secondary domains may help to
guide the ideation of new applications within the primary
domains, including those domains of which the innovation

potential for SA has already been established. For example,
while the innovation potential of SA in navigation applica-
tions is already being explored, [3] our study indicates that
this potential may particularly benefit navigation in public
space that is based on music or that addresses transportation
or safety challenges. Such an additional level of specificity in
guiding the ideation and exploration of SA applications may
help in ‘matching’ the potential of SA with existing
challenges.

Another finding is that ideation with respect to the imple-
mentation of SA, with the exception of the domains of play
and social interaction, sometimes leads to concepts that do not
make use of SA principles. Speculatively, this may indi-cate
that these domains may be more challenging to apply SA to
or that other, non-SA, concepts are more tempting to apply
within these domains. Alternatively, this deviation from SA
principles could be explained by the fact that the domains of
play and social interaction were addressed in the first two
parallel  brainstorms, while participants may have
experienced fatigue, and resultantly may have been less fo-
cused on SA principles, in later brainstorms. These devia-
tions from SA principles were not addressed during the dis-
cussions to facilitate the creative thinking process, since
ideas that initially do not make the brief may inspire other
innovative ideas later on.
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Furthermore, the expert and stakeholder evaluations of
the design concepts give rise to the finding that the domain
of art may hold less potential for innovation than domains
such as play, social interaction, health, and navigation. Of
course, the sample size used in this study is not sufficient to
draw generalizable conclusions from. Arguably, SA has al-
ready been incorporated within a number of (public) works
of art (see [9] for a review). This finding therefore, albeit
indirectly, suggests that it is more difficult to innovate on
the basis of SA within the domain of art because its potential
for public space is already being explored within this do-
main. If so, then this aligns with research that suggests that
artists should play a role in the innovation process when SA
is applied due to their specialized knowledge of the subject.
[5, 6] So, rather than innovating the domain of art itself, art-
ists should be involved in innovating other application do-
mains on the basis of SA.

In conclusion, the presented research contributes that the
use of SA to improve public space holds a broad potential
for innovation. In particular for innovating play, social in-
teraction, health care, navigation, and possibly also for art in
public space. As most of these domains are largely unex-
plored both scientifically and practically, this study provides
a starting point for, and guidance in, the application of SA
principles for the improvement of public space.
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Abstract

This paper is an overview of preliminary research undertaken for
the creation of a framework for collecting and distributing new
media art within regional art galleries in the U.K. From the
1960’s practitioners have experimented using computers, and
the art-form has evolved into multiple strands of production,
presentation and distribution. But are we, as collectors,
researchers, artists and enthusiasts facing an uncertain future
concerning the integration of new media art into institutional
cultural organisations? Recently, concerns have been raised by
curators regarding the importance of learning how to collect new
media art if there is to be any hope of preserving its past. A fear
of the unknown of experimental models of curatorial activities
such as collecting, preservation and documentation appear to be
a barrier to some mainstream, university and municipal galleries
when acquisitioning or commissioning new artworks into their
collections, while methods of distribution using new media
platforms are still at a very experimental stage. This paper
explores that by collaboration, experimentation and the sharing
of knowledge and resources, these concerns may be conquered
to preserve and make new media art accessible for future
generations to enjoy and not to lament over the obsolescence of
what it once was.

Keywords

New media art, collecting, documentation, distribution,
access, collaboration, experimentation, innovation,
networks

Introduction

The introduction of the catalogue that accompanied the
pioneering  Cybernetic ~ Serendipity  international
exhibition from 1968, curated by Jasia Reichardt, reveals
how far technology has progressed in almost fifty years:
‘Cybernetic Serendipity deals with possibilities rather
than achievements, and in this sense is prematurely
optimistic. There are no heroic claims to be made because
computers have so far neither revolutionised music, nor
art, nor poetry, in the same way that they have

revolutionised science’. [1] However, those ‘possibilities’
noted by Reichardt have evolved into achievements and
mobile technology that could only be imagined and
portrayed in the context of science fiction all but fifty
years ago; the use of computers and networks have
allowed for mass distribution and seemingly endless
possibilities

Artists, ‘influencers’ and art enthusiasts utilise
websites and social media platforms as online galleries for
the promotion, presentation and distribution of new media
art affording a huge audience reach. (Deviantart,
rhizome.org, Olia artteleportacia.org).
According to statistics website Statista.com it is projected
that by 2020 there will be almost three billion users of
social media creating global media culture, whether that
be sharing images, blogs, music or art online. But what
would happen to this ongoing documentary of the world
community if social media sites decided to call it a day or
Google ceased to exist? The thought process, artworks,

Lialina’s

documentation and reviews of artistic creations and
collaborations would be lost unless they were stored on a
hard drive or memory stick in the possession of a collector
(either accidently or purposefully). With consumers
becoming ever-more dependent and aligned to all things
networked and digital, which of course makes for easily
accessible distribution channels, it is imperative for
galleries and institutions to be unafraid of the integration
of new media art into their programming and collections
to engage with both physical and digital audiences.
Although it is generally acknowledged that the medium
does pose numerous challenges to curators and exhibition
staff, the omission of new media artworks in recent art
history books has more than highlighted this issue.
Through the collaborative work of researchers and
curators such as Beryl Graham and Sarah Cook, co-
founders of CRUMB, (Curatorial Resource for Upstart
Media Bliss), forward thinking curators Steve Dietz and
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Christiane Paul, artists Cory Arcangel and Casey Reas and
arts organisations, such as the V&A and the Guggenheim,
there is
contemporary and traditional art organisations which has
led to experimental models of curation and collecting. As
Graham accurately points out ‘One of the significant
differences between new media and other kinds of art is
that the same set of new media are used for both the art

an awareness of new media art within

itself and the interpretation, exhibition or collections
management.” [2] These notable differences can be a
cause of concern for the purposes of documentation to
preserve the artworks’
undertaken by organisations such as the Variable Media
Network and DOCAM aim to combat these concerns. The
intention of the VMN is ‘to establish a process and means
to address artworks created across a variety of media and
materials, to determine protocols and initiatives that will
bring a flexible approach to the preservation of a range of
creative practices’. [3]

After considering acknowledged key issues of
curatorial activities associated with new media art, this
paper will examine recent, cost effective, experimental
and alternative models of collecting, documenting,
distribution and preservation from an interdisciplinary
perspective, by mainstream and grassroots organisations,
with the intention of banishing the myths that it is
problematic, costly and unworthy of collecting. Cultural
institutions cannot afford to ignore new media art as it will
alienate their future, technical-savvy visitors and curb the
reach of their virtual audience. Although some regional
institutions seem to struggle with even the subject of new
media art, artists and some curators are finding ever more
innovative approaches to curatorial activities by trial and
error which will be examined later in this paper. Artists
are aware of their audience demographic and take
advantage of the often free, digital and online channels
and platforms available. Occasionally even the method of
distribution is an integral concept of the artwork. In order
to understand the integral components that the curation of
new media art entails, I will break them down into four
sections for the purpose of this paper: Distribution,
documentation, preservation and collecting.

Experiments with creative and innovative models
of collecting and distribution with Northern Gallery for
Contemporary Art will further the analysis of this
research. NGCA is a small regional gallery in the North
East of the UK. with a focus on commissioning and
exhibiting while collecting works from exhibiting artists.
NGCA will stand to benefit from this research with the
aim of developing distribution networks, keeping costs to

longevity. However, research

Gwangju, Korea

86

a minimum, and a clear collecting remit written within the
collections development policy.

Curatorial Key Issues

Factors that raise concerns prior to addressing outdated
collecting remits and Collections Development Policies
specific to new media art within regional galleries include:

e Conservation

e Maintenance

e  Obsolescence of technology

e Taxonomy/ classification

e Technician-ship

e  Museum practice versus artistic ideals

It is accepted that the characteristics and behaviours of
new media art can be many and varied, unpredictable,
surprising and challenging to work with. The rethinking
of curatorial activities has been examined by Graham and
Cook, (2010) Rethinking Curating: Art After New Media,
Ippolito and Rinehart, (2014) Re: Collection, Art, New
Media and Social Memory, Paul, (2003) Digital Art and
Hope, C. and Ryan, J.C., (2014) Digital Arts: An
Introduction to New Media. While Graham and Cook
view the challenges as opportunities to rethink curatorial
practices and explore the characteristics peculiar to new
media art, Ippolito and Rinehart investigate three threats
to preservation: technology, institution and law, and
calculate how each can assist in preservation rather than
destruction.

Distribution

With so many diverse and distinct methods of distribution
it could be considered that the way in which artworks are
made accessible is part of the making process and central
to the artworks’ integrity. While researching means of
distribution that could be utilised by NGCA, creative and
cost-effective models have been identified, such as the
MulengaMojis which digital artist Emily Mulenga
employs. This model takes up no physical space -an
important factor for an emerging artist as it is cost- free.
(Ironically her 2017 Firstsite exhibition was titled Taking
Up Space). She makes her new artworks accessible for
one hour to allow collectors to download using Vimeo,
Drop Box and Weshare. Does this limit the reach or make
them more attractive to collect as they have a limited
availability?

An alternative economical approach of distribution
is operated by little man, based in Liverpool, U.K. who
borrows space for non-exhibitions. That is to say that artist



exhibitions are installed, documented and taken down in a
single day without ever opening to the public, they can
only be viewed through the littlemangallery.com website
or by using Instagram. Created by Gabrielle la Puente and
Michael Lacey, little man allows artists and curators to
develop their practice in an exhibition context without
burdening themselves with the logistics of accessing and
opening spaces, or the unnecessary social pressures
common to artist-led activity. Their belief that engaging
with art online is now common practice and that many art
enthusiasts view exhibitions on the internet as opposed to
physically visiting an exhibition. This in itself finds artists
most engaged and supported by their audience within their
social media following. Cynically this could be perceived
as giving up on the physical art experience. Or is it making
the artist and their work more accessible when they would
not have ordinarily been given the opportunity to stage a
physical exhibition? This model allows for a high
turnover of artworks to be displayed and thus made
accessible.

Due to the little man model’s advantage of quick
and logistically light installation, programming for a
similar model within the physical gallery space at NGCA
is being undertaken, where an audio visual ‘drum’ or
viewing module can be utilised for the display of one
artwork at a time. As it has multi-purpose functionalities
for viewing AV works and pre-installed projection
equipment, NGCA has the advantage of quick installation.
The aim is to make new media artworks from the NGCA
collection accessible for short periods of time with
supporting publicity using their social media platforms,
while considering the reproduction rights of the artist.
Some artists are open to their works being publicised
using these platforms but there is a risk that the works can
be manipulated and then distributed while the original
intent of the artist is lampooned, or completely
diminished. The MulengaMoji model will be considered
with the intention of making the artworks from the
collection accessible to an online audience. Engagement
will be captured and analysed to assess its suitability for
the distribution of artworks from the NGCA collection.

Digital distribution does not come without
challenges. How far can the artwork be replicated? Can it
be altered? Artists such as Corey Arcangel positively
encourage the replication, modification or manipulation
of their works while others such as Phil Collins insist on
the exact specifications of display and situation as
originally prescribed by him, the artist. While some
believe it to cheapen the integrity and monetary value of
their work, for others, distribution is an integral
component of their work: Seth Price, in his artwork
Dispersion (2002-), which takes the form of an historical
essay, considers that there must be evidence or knowledge
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of an artwork in order for it to be considered art, therefore
without a method or methods of presenting to an
audience, how could an artwork be classified as such
without ever being viewed?

The Museum of London recently ventured into a
new model of exhibition distribution by collaborating
with London based grassroots art collective furtherfield.
The 2017-18 exhibition City Now, City Future staged at
the Museum was the result of a collaborative project with
furtherfield whose focus is on arts and media community
involvement projects. By working reciprocally with an
organisation who have the relationships, tools and
knowledge in place to distribute artworks digitally, the
Museum of London benefitted as they reached a new
audience rather than that of the physical museum visitor
or snippets of the exhibition being uploaded to the
institution website. Furtherfield also promote knowledge
distribution between institutions by working with a new
stream of curators who then go on to work in mainstream
institutions. From a researcher’s perspective, it would be
interesting to investigate the effect this has on the modes
of curation of mainstream institutions as to whether the
new curators with ‘grass roots’ training use their
experience to engage with an audience not usually
connected with a more ‘formal’ organisation. When
compared to the training fledgling curators experience
when working with organisations such as furtherfield,
commercial gallery owner, Jonathan Carroll, states that he
sells to the art institutions which tend to be more
adventurous in their approach to collecting. He also
acknowledges that the approach of some institutions has
changed dramatically. He credits this to the new tranche
of institutional curators who have grown up with digital
technology and art and therefore a natural choice for new
acquisitions. The Stedelijk Museum, Amsterdam, is
currently researching ways into making the collections
accessible by the use of new mobile media. While this
appears to be a relatively new experiment for institutions,
artists already employ these sustainable and far-reaching
methods. Institutions may take note of artists like Emily
Mulenga and her MulengaMojis from 2012 to experiment
with innovative distribution methods by the use of new
media.

The new media art world has many emerging
artists, therefore regional galleries with modest budgets
can give ‘first showings’ and buy cheaply (for example,
NGCA afforded Cory Arcangel his first single, UK show
in 2007). Software-based artworks can easily be
distributed or loaned out without the logistical headaches
of shipping costs, expensive insurance and complicated
assembly instructions. This ease of mobility allows for
international networks to be established and utilised to the
benefit of the artist and galleries alike.
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Preservation strategies

While it is acknowledged that new media art is
commissioned, created and exhibited (the genre features
in more than one hundred specialised festivals and two
hundred biennales internationally) it has not made
significant inclusion into the collections of museums,
galleries or private collections. One of the anxieties of
curators is how to preserve not only the artwork which can
be process oriented, time-based and networked, but the
ever evolving hardware that is integral to the work. As
Andrea Lissoni, Senior Curator of International Art
(Film) at Tate, illustrates: ‘In a digital landscape the
environment is made of data, and how we preserve these
data is a big question. This is going to be a big challenge,
because so many works are now conceived as a part of
something that changes’. [4]

To try and combat the ‘big challenge’ addressed
by Lissoni, experimental preservation techniques are
being tried and tested by means of case studies on
artworks belonging to the Guggenheim Collection by the
Variable Media Network. To understand the needs of
each artwork, each physical component becomes a case
study which is broken down into four main strategies of
preservation:

e Storage and collecting hardware

e Emulation recreation of operation systems- NOT
the artworks itself

e  Migration is it possible to present on an alternative
platform?

e Reinterpretation is it possible to transfer to an
alternative technological framework?

The approach invites creators to imagine how an artwork
might be translated into a new medium in the future once
its current medium expires and to define their work
independently from the medium, thus promoting the
longevity of the artwork. The migration and
reinterpretation strategies could prove problematic, as the
original intent of the artist must be carefully considered as
the 2013 publication, Preservation of Digital Art: Theory
and Practice warns: ‘And neither should the works be
“improved” technically or aesthetically. They should
retain their original work character, behaviour, and
aesthetics for as long and as faithfully as possible, and in
doing so be testimony to the epoch and the conditions in
which they were created’. [5]

By testing and sharing the results of artworks with
varying behaviours, comparisons can be made against
those with similar behaviours to promote a future for
artworks not previously tested in this way. This
demonstrates that although the solution to preservation
appears at first complex and daunting, by working
methodically through each issue, solutions can be found
and documented for future use. By working alongside
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the creator or artist, museum and media professionals
can imagine potential futures for artworks to
successfully be integrated in to a collection using tried
and tested methods.

Documentation

Archival specialist, Annet Dekker, sums up the position
most curators are faced with in her 2014 paper Assembling

traces, or the conservation of net art: ‘Artists and
museums are trying to document or conserve net art. In

spite of all these efforts the reality is that many net
artworks have already been deleted by their creators, are
dysfunctional due to out-dated software and network
changes, or are unable to perform because of incomplete
hardware or hardware that has become obsolete’. [6] As
the characteristics of a new media artwork are variable
and not permanent or fixed, identifying the work’s
behaviours and strategies can assist curators and
conservators in advancing the preservation of the work.
Even wall labels have recently become a bone of
contention; due to the minimal amount of disruption they
are intended to cause the nature of their singularity is
detracting from the intensive labour, collaboration,
technician-ship, and programming from a whole team that
contribute to the finished product, rather than the noting
of one artist name. Along with Andrea Lissoni’s
observation on the environment of data and how to
preserve it, Variable Media Network Co-ordinator, Jon
Ippolito, was so concerned about the negative influences
of the supposedly innocuous wall label that he waged war
with them in his 2008 article Death by Wall Label warning
‘The gravest threat to the cultural survival of new media
art may very well be its wall label’ [7a] arguing that the
fixity that a wall label imparts, for digital culture, means
death. Ippolito reinforces this point by stating ‘It is
important to convey the behaviour of these works, rather
than their material, in wall label or caption...nevertheless,
this shorthand should be able to telescope when more
detail is required, with the understanding that the second
part of the medium line may vary with the version of the
work’. [7b] Whereas the accepted norm is to use wall
labels, former art museum director, Rudi Fuchs chose to
show only the name of the artist and the year in which the
artwork was made for his 2017 exhibition, Excitement, of
Dutch contemporary artists at the Stedelijk. His decision
was motivated by the desire for visitors to view at their
own pace and have the freedom to get a feeling for the
artworks themselves, not to make sure the label matched
the artwork and then move on as is so often the case. Fuchs
also believes the artworks do not need a title as many of
them are untitled anyway.

The difference between the accompanying
documentary labels while viewing an artwork and the
documentation required for behind-the-scenes curatorial
necessity are distinctively contrasting. A key member of
the Variable Media Network, curator and conservationist,



Caitlin Jones, argues that the centrality of documentary
evidence when writing history is invaluable. Her 2008
paper Surveying the state of the art (of documentation)
states ‘Documents related to an artwork can provide us
with invaluable information about the production,
provenance, exhibition and evolution of the work
throughout its life and into the future, and curators,
conservators and other researchers rely on it heavily’. She
goes on to explain °...because it provides information
such as the original technological context or artist’s intent,
it’s unfortunate that due to a lack of consistent
documentation in the past, we know far too little about
many of the landmarks works of new media.” [8] So,
regrettably, while they are not trained to check for the
presence of integral components of the artworks,
condition checkers will search for flaws in the artworks.

By the wuse of factual and evaluative
documentation, complete checks can be made to reassure
curators of preservation strategies for individual artworks.
During a residency at the Daniel Langlois Foundation in
2007, Jones and media arts specialist, Paul Kuranko,
surveyed the many documentation models currently use
individual case studies of individual artworks, including
physical models proposed by the DOCAM
(Documentation and Conservation of the Media Arts
Heritage) Project and theoretical models raised on the
CRUMB Discussions List. Although it was never the
intention to propose a new model, the Variable Media
Questionnaire used a questionnaire to gather information
from artists and by conducting a series of documentation
case studies three distinct phases of documentation were
identified:

e  Collection and Creation- data gathered on the
conceptual, technical and experiential nature of the
work

e Arrangement- the structure of the archival
arrangement of the work

e  Description and Access- components of artwork and
the relationship to the collection as a whole and how
the work can be accessed physically or digitally

As NGCA is continually commissioning and collecting
artworks, the intention is to work with the artists from the
idea to exhibition stages to document all of the above
factors while:

e Agreeing at the time of commissioning who has the
rights to display, market and reproduce the artwork

e Documenting interviews with the artist regarding the
key issues listed earlier

e  Documenting the intention of the artist and
behaviours and integrity of the artwork so it may not
be reproduced or mutated
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e  Capturing images of installation, equipment,
components

e Documenting interviews with collaborators,
technicians and third parties

e Compiling data and instructions on manuals and
instruction

Collecting

An excellent starting point and another example of the
case study approach of experiments and collaborations
between collecting institutions, arts agencies and artists is
the Harris Museum and Art Gallery, Preston, (UK) whose
collections include fine art, costume, textiles and
archaeology. The Harris is a local authority museum and
art gallery which collaborated with a local arts charity to
produce Current: an experiment into collecting Digital
Art in 2010. Curator at the time, Lindsay Taylor, in
Graham wrote ‘that the aim of the project was twofold: to
celebrate innovative and creative use of digital media
technology and to undertake a practical case study for the
collection and integration of digital artworks into existing
permanent collections’. [9] By understanding the
principles for future and experimental collecting from a
traditional, municipal perspective, this model could be
translated to a university gallery such as NGCA.
Following research into the Harris’ Collections
Development Policy I was led to a Scoping Report written
by specialist visual arts advisor, Wendy Law,
commissioned by the Harris in 2009. The purpose of the
report was ‘to support the Harris in developing a
nationally significant collection of new media work and
to be undertaken in conjunction with the Harris’ overall
collecting policy, with new media acquisitions being
integrated with existing contemporary and historic
collections’. [10] The aims and objectives of the 2006 Arts

Council England Turning Point long-term strategy to
build on existing investment and the success and impact
of contemporary visual arts were incorporated into the
Scoping Report which was an appendix to the Collections
Development Policy at that time. The new media art
collection is now housed within the Photography
collection which suggests that collecting new media art is
still very much in its infancy.

The experiment proved successful with positive
and encouraging feedback from visitors and in 2012 was
followed by Digital Aesthetic 2, a multi-site exhibition,
website and conference curated in partnership between the
Harris and the University of Central Lancashire. The
Current exhibition curator, Lindsay Taylor, has expertise
in curating exhibitions and developing public collections
of contemporary art, particularly in areas currently under
represented in museum collections nationally. Taylor was
the curator at the Harris for the duration of the Current
project and invited professionals from Computer Arts
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Society, FACT and Tate to be part of the expert panel who
would eventually select the artwork to be included in their
collection. The chosen artwork was by Thomson and
Craighead, The distance travelled through our solar
system this year and all the barrels of oil remaining
(2011), which made use of a live internet data stream and
tackled environmental issues. Support from the
Contemporary Art Society and other agencies
demonstrate the success of the project as its legacy lives
on and is acknowledged on the museum website that
photography, film and video are being used increasingly
in contemporary art practice. Taylor is now curator at the
University of Salford Art Collection and has
acknowledged in the Collections Development Policy that
there is a digital gap in museum collections- often due to
concerns about the longevity of the technology required
to experience the artwork. As a university it is part of their
responsibility to pioneer the collecting of difficult work,
to take risks and to find ways of conserving digital
artworks, as part of the focus of debate and the evolving
cultural infrastructure and landscape. The collection
ranges from post-war British painting, print-making and
photography to the new media artworks recently included
into the collection, demonstrating that integration is
possible by use of an experimental and innovative
approach. The text below is taken directly from the
University of Salford Art Collection Forward Plan 2015-
2018:

We are now living in a digital world, and it is
important that our art collection reflects some of the
excellent artworks made by artists either about, or using
digital technologies. This gap is recognised in the North
West’s regional museums’ collections — often due to
concerns about the longevity of the technology required
to experience the artwork. As a university it is part our
responsibility to pioneer the collecting of difficult work, to
take risks and to find ways of conserving digital artworks,
as part of the focus of debate and the evolving cultural
infrastructure and landscape. [11]

This strategy could certainly apply to the
Collections Development Policy of NGCA as the gallery
has given first UK shows to artists such as Claes
Oldenburg and Cory Arcangel several years prior to other
galleries acknowledging recognition of the artist. As the
gallery commissions work it also collects from the
commissioned artists and has a volume of photographic
prints as well as new media artworks of various mediums
by artists such as Graham Dolphin, Dan Holdsworth and
Simon Martin. Its specific collecting remit reflects the
gallery’s commitment to exhibiting and collecting
innovative, experimental art in order to tell stories about
the history of contemporary art which provides a
documentary for visitors and scholars.
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Summing up and concluding

Collaboration  between institutions, transference,
distribution of knowledge and an open mind to
experimentation are conducive to the integration into
collections and henceforth the preservation of new media
art. As there are many diverse organisations with their
own  approaches to  collecting, preservation,
documentation and distribution it is inevitable that there
will be no ‘one size fits all” model to inform each of the
activities associated with promoting the longevity of new
media artworks. Although some collecting institutions
appear apprehensive when considering acquisitioning
new media art, due to the testing of more experimental and
innovative curatorial practices, anxieties can be
overcome. It is true that knowledge, funding, equipment
and physical space are integral and essential factors to
achieving successful collecting but the evidence outlined
in this paper advocates that it can be achieved. If we
consider the commitment of the Solomon R. Guggenheim
Foundation to innovation, experimentation and
collaboration, this model can be tailored to the
requirements of smaller, regional arts organisations:

Committed to innovation, the Solomon R
Guggenheim Foundation collects, preserves and
interprets modern and contemporary art, and explores
ideas across cultures through dynamic curatorial and
educational initiatives and collaborations. [12]

Taking into account Steve Dietz’s categorisation of
the three characteristics of new media art, of
computability, interactivity and connectivity, it is evident
that the title new media art has become an encyclopaedic
term for an ever expanding and evolving range of
creativity and artistic practice. By exploring experimental
and innovative practices and having an open minded and
progressive approach to curatorial activities, this paper
has demonstrated that concerns around the assumed
complexity of collecting, and distribution can be
alleviated. By collecting important data and detailing of
thorough documentation we can strive to keep new media,
digital and networked art from disappearing into
obsolescence.
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Abstract

This paper analyses and contextualises passive audience in-
teraction through the lens of post-participation. It argues that
the concept of post-participation helps to address the shift
from an active to a passive spectator in the complex age of
dataveillance, an age in which humans are continuously
tracked, traced, monitored and surveilled without their con-
sent.

By exploring interactive art history and the discourse of
identity within the field, this article investigates how art-
works that demonstrate no audience involvement, but still
incorporate an internal system interaction with a data source,
are addressed. In other words, the research tracks down the
interest shift from human-machine to system-to-system in-
teraction, and explores the reasons behind this.

Paper introduces direct and indirect post-participation,
which are research tools developed for the practice-based in-
vestigation. Two case studies illustrate how the research
framework of post-participation can be applied for analysing
a complex relationship between an interactive system, a par-
ticipative input and audience.

Keywords

Interactive art, post-participation, surveillance, interactive
systems, hybrid art, practice-based research, post-digital.

Introduction

At the beginning of the 1980s, the artists were eager to in-
volve the audience in dialog with an interactive system. In-
teractive art gained recognition in 1990, when Prix Art
Electronica introduced a dedicated category for the disci-
pline. [1] The pivot point took place in 2004 when Golden
Nica was awarded to “Listening Post” (2001) by Mark
Hansen and Ben Rubin, which had no interactive element
concerning audience involvement. This occasion triggered
discussion around the definition and identity of interactive
art. In the end, the history of Prix Ars Electronica demon-
strates how the concept of interaction has been challenged
and expanded. For example, the statement of Prix Ars
Electronica from 2016 regarding Interactive Art+ category,
is expanding beyond direct interaction stating that the artis-
tic interests have gone social and political, and interactivity
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has become pervasive. The bare excitement of novel inter-
faces is no longer actual. [2]

Philosophically speaking, it is clear that the audience is en-
gaged with an artwork in mental level, too. At this point, |
can agree with Ranciere and Norwich that perception is an
active process. [3][4] Practically speaking as a practice-
based researcher, this evaluation criteria does not leave me
many research tools. For instance, Ernest Edmonds states
that the principal aesthetic value of interactive art lays on the
interactive experience, which is a criterion for a such art
piece that has to respond to audience interaction with it.[5]
Katja Kwastek makes a similar point regarding the level of
engagement, when defining the discipline: “Digital artworks
that require the viewer to engage in some activity that goes
beyond purely mental reception are commonly designated
as ‘interactive art’.” [1] To put it clearly and simply, an
interactive artwork contains some interactive or reactive
element(s) that a viewer can interact with. The in-teraction is
mediated by a computer or electronic system, which is
responsive to audience interaction to the extent that an artist
has designed it to be. In short, the audience completes the
work, which is performed by a technological medium.

Now, what happens if an artwork contains no interactive
elements for an audience, but an interactive system which
takes interest group behaviour or activity without their
knowledge or control as an input. Can we still analyse
these works as interactive ones?

Several researchers have addressed this question and dif-
ferent terminology has been suggested, like unaware and
passive participants, along with meta-interaction by Erkki
Huhtamo, Strategy of System by Ryszard Kluszczynski,
and subliminal interaction by Pau Waelder. [6][7][8] In ad-
dition to conscious approaches towards updating the termi-
nology of interactive art, there are a number of artists and
theorists, who demonstrate in their description of artworks,
the absence of the active audience. For example, James
Coupe names his audience as an “unwilling actor” and Ma-
ciej Ozog describes the spectators of “Surface
Tension” (1992) by Lozano-Hemmer as the “helpless
audience”. [9][10] In short, there are different proposals
available on how to address this shift, which also shows that
there is no clear understanding how to approach artworks that
have changed their focus from an active participant to a
system.

In order to analyse the paradoxical situation in interactive art,
where the artworks that demonstrate no direct audience



interaction are addressed as interactive, the term of post-
participation is introduced and discussed in this paper.
Hence, the research framework of post-participation helps to
describe, analyse and ultimately contextualise artistic
practice from the perspective of audience involvement and
the participative input of interactive systems.

In addition to that, the term is politically loaded, and thus,
enables artists to address the problematics of privacy in the
age of dataveillance. In large extent, post-participation is
connected to the surveillance age, where the society has ac-
cepted constant camera and algorithm gazes.

From interaction to post-participation

In 1996, Séke Dinkle noticed a shift from participation to
interaction. In her article, she explores the roots of interac-
tive art from the perspective of audience engagement. [11] It
is interesting to see how the role of a spectator has been
shifting throughout the time. With the introduction of inter-
active technology into arts, the human-to-human interac-
tion has been transformed into a machine-to-human one.

When it comes to the yet another shift in the role of the au-
dience today, to the dialog between system and user has
been added a dialog between two systems where the
user(s) serve not an active, but a passive role of input. An art
piece can be completed by the data we are generating, sensor
data, and more indirect inputs that the public has no control
over. Hence, it is appropriate to state that there is a tendency
to move from interaction to post-participation in art and also
in general. This situation is profoundly social and political,
and not merely technological as Dinkla stated in 1996. [9]

The modern times of surveillance capitalism introduce new
artistic concepts and materials. Talking about the first ones,
the interest of participating and creative user has shifted to
monitored and passive one. Contemporary surveillance
culture dictates voyeurism and exhibitionism, which have
converted into a normality today. “Surveillance has be-
come a common experience and practice of everyday life at
the edge of the twenty-first century.” [10] According to
Haggerty and Ericson, ”[w]hile surveillance is now ubiqui-
tous, it is also diverse, multi-faceted, and employed in such a
panoply of projects that it is almost impossible to speak
coherently about surveillance.” [12] Hence, Ozog sees a
particular importance in the role of artists working with
technology, who are able to deconstruct and subvert the
strategies, politics, and ideologies of modern electronic
surveillance.” [10] In other words, the artists applying and
conceptualising surveillance technologies, are the ones,
who help us to realise the level and nature of surveillance
today. Creatives explore and hack surveillance technology
and apply real-time data sources as artistic material.

If in the 1990s and 2000s artists were mainly concerned
about creating as responsive installations as possible and
also novel interfaces for a spectator to interact with, then in
the information age the interest has moved to the world of
data. As I have stated elsewhere, post-participation goes
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beyond the interface; it embeds real-life elements and un-
aware or passive participation into an artwork. The every-day
activity becomes a score of artwork; it completes the open
process of the piece. The direct interaction of audi-ence is
not needed anymore, the data that each of us gener-ates being
in physical or cyberspace can act as a post-par-ticipative
input for an interactive system. [14] Hence, a post-
participative artwork does not ask for interaction from its
audience; it makes use of real-time data generated by social
media users, CCTV camera video feed, or other data source
that we do not have control over or have no clue about. In
short, such artworks are not open for direct inter-action, but
for a real-time data source that makes a work of art alive. In
this article, such real-time data source is named post-
participative input. Similarly to an interactive work, a post-
participative piece changes along with new input, only the
cause for the change is not a beholder, but a selected data
source - a post-participative input. A spectator is placed in
a position to be surveilled or be an observer while the
system tracks others or also him/herself. It con-stitutes the
duality of spectator: being observed and an ob-server at the
same time.

Often the term of post-participation can be applied for the
works that fail to be categories as interactive ones, for ex-
ample, Listening Post” by Hansen and Rubin, which of-fers
no interaction to its audience. However, the artwork is open
and never the same, since the messages that appear on the
231 small displays and that are read out loud by the computer
system come from the chat rooms and forums on the Internet.
[13] According to Kluszczynski, “Listening Post” can also
be described as the Strategy of System. He has introduced
this term in order to explain artworks that demonstrate
system interaction and leave the audience without any
interaction element. Kluszczynski refers to two types of
Strategy of System: first, is a group of people online unaware
of their input role as a data source for the interactive system.
The work’s output system is connected with the audience,
though, which is a radical difference with an interactive
artwork in the classical sense. In the case of interactive
work, spectators act as an input and ex-perience the output of
the work. The second type of Strat-egy of System that
Kluszezynski introduces is described as “total autonomy of
technological order.” [7] It constitutes, there are no unaware
or passive participants, but the work is completed by
automatic data sources, like meteorologi-cal measures, which
correspond or make a change in the artistic spectacle that is
offered for the contemplation to the audience. In the words of
Kluszczynski: ”[e]ach change of meteorological parameters
results in transformations of the system in the gallery
installation attributed to it. Its audi-ence, with no exceptions,
comes down to the role of a spectacle’s observers.” [7]
Kluszczynski makes valid points and underlines once again
the fact that interaction has traveled to the system level.
Definitely, the ideas and understanding of Kluszczynski
resonate  with  post-partici-pation. =~ However,  post-
participation is not about solely sys-tem interaction, but it
investigates the role of the participa-tive component in the
work and distinguishes several cate-gories of it.
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In short, I see that post-participation opens a new space for the
artworks that do not fall under the interactive art cate-gory
and is more descriptive in respect to the role of the audience
than suggested database or net art in Erkki Huh-tamo’s article
or Strategy of System by Kluszczynski. [6][7] Moreover,
post-participation is a useful term for me as a researcher and
artist, because it helps me understand the evolution of my
practice from the perspective of audience involvement. Also,
post-participation enables artists to ad-dress the problematics
of privacy in the age of dataveil-lance.

Research tools: direct and indirect post-
participation

When analysing my own and related artworks regarding
post-participation, I have noticed either an artwork’s con-
nection or disconnection with an exhibition space concern-ing
the origin of post-participative input. Hence, I propose using
two categories of post-participation - direct and indi-rect one -
when discussing the post-participative art prac-tice.

Figure 1. relationships in the indirect post-participative artwork.

An indirect post-participative artwork has no connection with
the physical space where it is displayed. The figure 1 above
demonstrates  relationships ~ within an  indirect post-
participative artwork. In the schema is shown that the audi-
ence in the exhibition space are offered to perceive only the
output of the interactive system, which results in the post-
participative input responsive artwork. The post-par-ticipative
input itself is separated from the exhibition space and is
located outside of it. For example, such input could be
unaware of their participation online users or passersby
registered by a tracking system, which is located in differ-ent
place from the artwork. In other words, a presence,
movement or any other action performed by the audience in
the exhibition space is irrelevant. The artwork is com-posed of
an internal computer system that is open to the post-
participative data source that is located either online or
outside the exhibition space. Therefore, an indirect post-
participative installation does not look for any input from the
audience but scans the dedicated area of interest con-stantly.
At the same time, it has a connection to a real-life element.
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In short, the figures visualise the passive role of the audi-
ence and post-participative input: the first, perceiving the
output from the artwork, and the second, acting as input for
the artwork. The only dialogue here is between the artwork
and author, which mostly happens during the creation pe-
riod and when customising the installation for a certain lo-
cation or new input. The difference is in the origin of post-
participative input, which the figures 1 and 2 aim to com-
municate.

In terms of contrast, a direct post-participative piece has a
connection with its physical location (see Figure 2). It
means that the artwork, audience and post-participative in-
put share the same space and time. Other relationships are
the same compared to the figure of indirect post-participa-
tion. The schema below demonstrates that all three compo-
nents are located in the same space and the audience with-
out its knowledge or will becomes the input of the artwork.
It is important to mention that in the case of direct post-
participation the audience does not always form part of the
input. The post-participative input can also be an animal
one, if they are part of the artwork.

Figure 2: relationships in the direct post-participative artwork.

Moving further, a direct post-participative installation
looks for audience participation whether it is voluntary or
not, conscious or not. However, active participation is not
the aim of the work. By entering the exhibition space, a
spectator becomes the interest of the artwork by default.
Like Maciej Ozog explains when analysing Rafael Lozano-
Hemmer’s work: “The viewer-interactor cannot influence
the system; she can only refrain from interacting by avoid-
ing a meeting with the digital gaze.” [10] Or Erkki Huh-
tamo refers to a beholder as an unaware participant when
analysing David Rokeby’s artworks that deal with surveil-
lance and an observing camera image. [15] In other words,
there is no need to be an active participant. Just the act of
entering into the scanning territory of installation consti-
tutes the acceptance of participation in the artwork as an
input.



Indirect post-participation case study: The
Rhythm of City

“The Rhythm of City” (2010) demonstrates indirect post-
participation by applying real-time geo-locative social me-dia
data of Twitter, Flickr, Youtube, Foursquare, and Insta-gram
as a score of 10 modified metronomes (see figure 3). Online
users of certain cities are participating in the art-work
through their everyday virtual communication with-out being
aware of the fact that they have a significant role in the
installation. They are taking part in composing the artwork’s
score that updates its rhythm every other minute. As a result,
the audience is confronted with a unique, un-predictable and
continuous performance.

The work is in a constant flux mirroring the digital pace of
life, and thus, the digital inhabitants of social media post-
participating in composing the rhythm of each metronome. At
the same time, the work has no responsive connection with the
exhibition space and its audience. Hence, by bene-fiting from
contemporary personal data and metadata ag-gregation
possibilities, indirect post-participation draws on the strategies
of dataveillance. User-generated big data do not stand for the
data anymore, but rather for constant and involuntary
participation, which in this paper is describe as post-
participation. In the case of “The Rhythm of City”, the real-
time geo-located activity of social media users is translated
into the tempo of a metronome, which indicates that the
installation is post-participative.

Figure 3. Rhythm of City (2010) by Varvara & Mar in Elektron-
ika festival, Belo Horizonte, Brazil (2011).

With this art project, the idea was to explore a different
method of interaction that goes beyond the audience click-
ing on a menu bar, pushing a button or contributing to any
content. I am talking about an artistic interpretation of the
virtual social activity and underlining the fact of post-par-
ticipation and dataveillance in the digital age. Thus, the in-
tention is to translate the post-participation of target groups
on the internet to the physical motion of a metronome, and
therefore, through this to describe the urban landscape in a
novel way. In addition, my concerns revolve around the
malleability of the digital world in relation to the physical
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one, and the interpretation of digital social data for artistic
purposes.

Concerning the inspiration for this piece, several cultural
studies have demonstrated that a city and its culture can be
described by the speed of inhabitants and services, and its
location. [16][17] These findings, like a positive correla-tion
between the walking speed and the size of the city by
Bornstein & Bornstein in 1976, inspired me to research what
would be the pace of life in a city, not on its streets but rather
in its digital dimension.

Technically speaking, social media services have their APIs
that allow specific access to their users’ data to third parties
(so-called developers category). The fact is that this
technology opens a door for various applications to make use
of these data. Most of the business models of startups are
based on the users’ data acquired from different appli-cations
by mostly using APIs. Of course, the ones who pro-duce data
have no idea where and how the data are applied. Shoshana
Zuboff describes such a paradigm as surveillance capitalism.
In her words, “big-data is both a condition and
expression.” [18]

Talking from an artist perspective, social media data are
fascinating, political, and concept-rich artistic material.
What is more important, they also allow to look at and
highlight a different participation model, which in this case is
indirectly post-participative, since the users have no longer
control over it and often have no knowledge about their
participation. The indirect category is expressed by the fact
that the artwork is not bound to the physical loca-tion of the
exhibition but takes place on the territory of so-cial media in
the selected areas. To be more precise, since the post-
participative input of "The Rhythm of City” does not share the
exhibition space with the installation and its audience, it
represents indirect post-participation.

When it comes to related artistic practices, Hansen and Ru-bin
introduced in their artwork “Listening Post” an early
approach in culling data from the forums for an artistic
purpose. The input for the interactive system of “Listening
Post” are the users of 5,000 forums and blogs, who are not
physically present in the exhibition at the same time.
Hence, the artwork demonstrates a disconnection between its
input and the audience, which is the precondition for the
indirect post-participation. In other words, a spectator can-not
influence the artwork in any way.

Another well-known artist in interactive art is David
Rokeby, who has been using video as a creative medium and
voyeurism as a conceptual departure point from the early
1990s in works such as “Watch” (1995-2008). [19] By
separating moving from still parts in the camera image, the
artist is able to play with the image layers and filter out
humans, which enables him to confront the audience with the
problematics of surveillance. In the words of the artist: “In
‘Watch’, public sections of the exhibition gallery or of exterior
public space, separate from my installation, are watched by
surveillance cameras. These images are pro-cessed in real-
time and projected onto the wall of the in-stallation
space.” [19] The duality of a spectator: observing

and being observed, are the conceptual parts of the art in-
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stallation. “Watch” demonstrates the separation between the
space that is watched and the gallery space where the other is
observed by the audience, which is one of the char-acteristics
of indirect post-participation. Of course, people, who are
monitored, and thus, integrated into the artwork have no idea
about their role, which is another requirement of the term
introduced. Hence, “Watch” (1995-2008) by David Rokeby
can be described as indirectly post-partici-pative artwork.

In the end, artists are also very much aware of the dark side of
the online world and aim to tackle this issue in their
practices. In particular, audience’s post-participation in an art
installation is often used to underline the paradigms of the
surveillance age. To be more precise, indirect post-par-
ticipative artworks highlight, in significant extent, dataveil-
lance and the application of contemporary complex sur-
veillance strategies online.

Direct post-participation case study: Budgie
Waltz

“Budgie Waltz” (2012) introduces an animal component to the
discourse of post-participation. As mentioned previ-ously, a
post-participative input can also be animal one, and thus, the
following artwork illustrates this claim. With this art project I
feel and test the borders of the conceptual term; however, I
believe it also represents a research evolu-tion. Here, with the
example of budgerigars, I explore what happens if the artwork
is completed by the post-participa-tive input of birds instead
of humans, leaving the audience only in the passive role of
observer.

Figure 4. Budgie Waltz (2012) by Varvara & Mar at the Verbeke
Foundation.

The art project consists of budgies creating a piano play by
entering and leaving their birdhouses. Each entrance to a
birdhouse is equipped with a light sensor, which is trig-
gered by a bird entering or leaving the house. The sensor
activates the correspondent solenoid, which pushes down a
specific key on the Berlin piano, and thus, produces a note.
In other words, “Budgie Waltz” draws on the budgerigars’
life pace and converts it into a piano play using a real mu-
sical instrument. “Budgie Waltz” registers every entry to
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the birdhouse by budgies. In a way “Budgie Waltz” aims to
come as close as possible to the post-participative input and
embrace it into the artistic process. Thus, without knowing
and continuing their normal life, the birds become a part of the
art installation.

In “Budgie Waltz” was simulated smart home situation by
equipping the birdhouse with the sensors that registered
each entry and exit of a bird and translated it into a piano play.
In this artwork, the role of post-participant has been
transferred to the birds, and thus, a spectator becomes a
witness of direct post-participation instead. If in the case of
indirect post-participation the participation process can be felt
abstract because of its disconnection from the exhibi-tion
space, then direct post-participation brings the process much
closer to the audience.

The topic of surveillance is one part of the concept, which is
surprisingly translated into a piano play as a reference of not
knowing what happens with these data subsequently. In this
art project, the monitoring and tracking have travelled from a
street and social media to home. As an ironical metaphor,
the budgerigars become the actors of humans. Every time a
bird enters or leaves the birdhouse, the piano key goes down
and produces a sound. Like in a smart home, every time one
asks to make a coffee, brushes teeth, vacuums the home or
watches TV, he or she leaves a data trace behind. In the article
“The House That Spies on Me”, Kashmir Hill and Surya
Mattu discuss in detail what kinds of data get sent out
constantly from their smartened-up home as an experiment.
In their words, “[g]etting a smart home means that everyone
who lives or comes inside it is part of your personal
panopticon.” [20] And this personal panopticon is used for
spying by many parties, like ven-dors, third parties and
intelligence agencies of several states, the USA for example.
[21] Hence, my idea is to ap-proach this problematics and
paradigm of today with a non-linear artistic expression
involving budgerigars, or more precisely, making artwork
from existing birds living in their huge cage. I believe budgies
forward the metaphor of being spied on at home and the
surveillance state per-fectly.

In addition to monitoring, an unpredictable score, which
follows the everydayness of birds, is a part of the artistic
thinking. Hence, the birds dictate the rhythm and pitch of the
piano performance. Since coming in and going out of their
houses is a part of the standard behaviour of budgies, it also
allows me to discuss their rhythm of being. The use of the
pace of life concept, which began with “The Rhythm of
City”, refers to my continuous interest towards the tempo
of everyday life, like in all my artworks described so far.
“Budgie Waltz” is an art installation that invades the cage of
budgies and translates the life of birds into a musi-cal score,
which has a reference to “Baltic Sea Radio” (2012) that is
also concerned with a sound score in flux. Ultimately, with
“Budgie Waltz” I aim to go beyond hu-man-based or human-
generated data and activities and use the birds’ behaviour
instead.

What is more important, apart from converting a birdcage into
an artwork, is that I have also applied it as a research lab.
Since I worked for the first time with birds, there were



many things to discover. First of all, I have understood with
“Budgie Waltz” that the birds not only become an art-work
but the whole of their existence converts into it. It was a
novel experience for me that I had not felt in my pre-vious
artworks. Second, in the “Budgie Waltz” project I managed
to get closer, as an artist and researcher, to the post-
participative input than I could ever have achieved with
humans, I believe. Moreover, the whole post-partici-pation
concept is elevated to the stage-like scenario: the
everydayness of birds is right there and observable for the
audience. The post-participative input shares the same
space as the artwork, and therefore, I am talking about di-rect
post-participation in the case of “Budgie Waltz”. In the end, I
think with this artwork I have succeeded in underlin-ing the
core of post-participation in the brightest colours: a natural
and undisturbed behaviour of a subject is embedded into an
artwork as a direct post-participative input. Of course, the
sensor system was noticed by the birds when it was installed
in the birdhouse. But after a certain time, the upgraded living
facilities became normality for them.

Concerning the audience experience, the role of observer is
offered to a spectator, who is able to sense the connection
between the ever-changing piano play and budgies’ behav-
iour, and thus, discover the post-participation mode in the
artwork. Obviously, the presence of people, especially if we
talk about a large number of visitors, can affect the birds’
behaviour. But again, it is something that is out of my
research interest range, and it is part of the game: the artwork
follows the budgies’ pace of life. Moreover, in the foundation,
there are always visitors, and the budgerigars are used to that.
However, what is more important is that the audience
members are not simply observers, but rather witnesses of the
direct post-participative process, which is brought as close as
possible to them. I would like here to borrow Juha-Heikki
Tihinen’s words when he analysed Uku Sepsivart’s
artwork “Michelangelo’s Assignment” (2017) where the
birds were gradually destroying a replica of Michelangelo’s
sculpture made of fat: “The viewer can have the experience of
becoming animal. Become animal, just for a moment, it’s
worth it!” [22] Drawing on Jacques Derrida’s thoughts on
how humans try to differ from ani-mals, by confronting the
audience with the animals in the direct post-participation
process inside the artwork, the metaphor is actually turned
into recognition. [23]

To sum up, “Budgie Waltz” illustrates my exploration to-
wards the integration of animal direct post-participation into
the artwork. I have reduced the distance between the direct
post-participative input and the interactive system so
drastically that it is difficult to distinguish whether the
birds are part of the artwork or the artwork is a part of the
birds’ life. In other words, there are no physical or mental
borders between the artwork and its scanning area. I am
saying this because from the audience’s point of view, the
scanning area, which is the bird’s cage, is located in the
territory of the artwork, and thus, perceived as a part of it. In
the end, this was the reason and research interest behind using
birds as a direct post-participative component.

The helplessness of audience to master their interaction
with a direct post-participative artwork is definitely a com-
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mon characteristic among the artworks discussed here. It
means, the emphasis is on the system and not on the audi-
ence. Some artworks, like “Zoom Pavilion” (2015) by
Lozano-Hemmer, “Desire of Codes” (2005) by Seiko
Mikami and “Watched and Measured” (2000) by David
Rokeby, demonstrate the dominance of the system over a
spectator very vividly. I can see artists using surveillance
technology in the gallery and also in public space. Mostly
are applied various cameras, which act as an image input
for increasingly powerful algorithms that are able to track
and recognise. The societies of control that was described
by Deleuze is our reality, and it is supported and encour-
aged by the development of technology greatly. [24]

Conclusions

The solution to the identity crisis of interactive art has been
offered by extending the field name, like adding hybrid and
+. However, the unsolved question remains: how do we de-
fine these kinds of works that are not interactive towards
their audience, but still incorporate an internal system in-
teraction with a data source?

The paper has discussed current problematics of interactive
art, which have started from 2004 already, and offers a pos-
sible solution to address the artworks that incorporate pas-
sive audience participation as post-participative ones. What
is more important, the term proposed resonates strongly
with the post-digital and surveillance age, which help the
artists to conceptualise, and also, contextualise their works
that undergo post-participation description. Post-participa-
tion occurs at a time when interactivity in itself ceases to
be novel, and the focus has shifted from the spectator to the
data being processed by the artwork as a self-sufficient sys-
tem.

As case studies have demonstrated, post-participation is a
research tool for understanding the evolution of artistic
practice from the perspective of audience involvement.
Also, the notion of post-participation helps to describe, an-
alyse, and in the end contextualise, artistic practice from
the perspective of audience involvement and the participa-
tive input of interactive systems.

In conclusion, it is possible to say that the technological
age has had a strong influence on the audience participa-
tion in art. With the advent of digital technology, the inter-
activity has been explored. And today, in the age of
dataveillance, active audience participation has been con-
verted to passive one. There is a shift from human-com-
puter to system-to-system interaction. In the foreground is
the dominance of the system and in the background, help-
less audience. Such transformation is obviously socially
and politically loaded. Therefore, I believe post-participa-
tion is a new kind of participation that has been introduced
by post-digital times we are living in.
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Abstract

This research introduces the concept of ‘liquidity’ as a framework
through which to observe the ways that the lived-in world and
particularly society and culture are experienced and discussed as
social subjects. It has become apparent that this notion of ‘li-
quidity’ plays an important role in the generation of novelty, that
is, to generate new insights and meanings. Recent studies by
Bhabha (1994) or Bauman (2007) identify an apparent shift in the
way we experience and deal with modern society replacing the
rigid cognitive frameworks by more ‘fluid’ interactions. To
understand and to deal with this new concept, a cartography of
these liquid times is installed through the design of an artistic
Ambisonic sound localization and auralization project. The car-
tography follows in depth two specific trajectories. What are the
merits of a ‘point of view’ within a liquid society? What type of
auralized experiments can be introduced? The scientific and ar-
tistic aim is to establish a multi-viewpoint approach (walking,
listening and seeing through a state of the art technology) replac-
ing single viewpoint categorization, a concept also to be applied
to the reading of the artworks itself.

Keywords

liquid, cartography, multi-viewpoint, sound, localization and
auralization, technology, multi-sensory integration

Introduction

This proposal introduces an artistic and scientific project
on sound localization and auralization through the hard-
ware development of headphones with a real-time decoder
for Ambisonic audio files built in. The 4-channel B-format
is translated into a binaural output according to the head
position of the listener.

Designing a sound experience with a continuous sphere
of Ambisonic audio, this project researches how to estab-
lish for the listener a multi-viewpoint experience. The ap-
proach is inspired by the dynamic concept of the Flaneur as
introduced by Baudelaire, replacing single viewpoint cate-
gorization. This concept is re-appropriated for its capacity
to connect with the different formulations of change, to

indicate a common ground or effect of moving, as an area
for creation or discovery.

The research embraces the concept of Liquid Modernity
introduced by sociologist Zygmunt Bauman as a frame-
work through which to observe the ways that the lived-in
world and particularly art, culture and technology are ex-
perienced and discussed as social subjects. The project
seeks to define a ‘liquid’ form of analysis (artistic and sci-
entific) to apprehend the complexity of transforming cul-
tural values. Being liquid or flaneur through sound locali-
zation and auralization is proposed as a method or strategy,
replacing the isolated and solitary point of view with a
multi-viewpoint theoretical and practical approach to deal
with and endure new comprehension and meaning.

With the construction of the framework and the concur-
rent technology, it has become apparent that this notion of
‘liquidity’, defined as a hybrid position, plays an important
role in the generation of novelty, that is, to generate new
insights and meanings. It is this hybrid position, shifting
between two or more viewing positions, including aural
tracking, that should allow us to reveal a more complete
picture, world view. By rapidly moving from one model to
another the boundaries between the two become blurred,
they become permeable, transferring characteristics from
one model into the other and vice versa. This feature of
shifting perspective is one characteristic of the ‘liquid’
framework and enables us to enhance meaning by transfer-
ring concepts and ideas from one system to another and
additionally allows us to discover new connections and
relations between them.

A second feature refers to the location of action (or gen-
eration of novelty) itself. We will see that this shifting po-
sition allows us to retrieve meaning not only within the
different systems but also between these systems. In other
words, a result of the change of (aural and visual) perspec-
tive is that not only new relations are becoming visible and
audible, relations that from within the system are invisible,
inaudible (not perceived) but also that the location of this
information is situated in-between the installed systems of
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knowledge (maps, models, or theories). They become loca-
tions of meaning and action on their own, or we can say,
on their own terms they become ‘new’ systems. This we
could argue is a result of what Zygmunt Bauman (2007,
2011) has called the liquid modern world. Social forms and
systems are no longer able to settle down and become es-
tablished. As a result overall structure makes way for an
infinite network of short, small projects and structures
which continuously tend to permutate each other. In order
to understand the entire system we need to understand the
series of infinite smaller structures and their in-betweens.
If we now connect to Deleuze’s rhizome with no beginning
or end, then, we are able to extract a third element of his
rhizomatic structure, being the middle or in- between. Also
for Deleuze it is this middle (the coming and going) that
allows for change and movement where the action takes
place and new ideas are born. For Deleuze: “The middle is
by no means an average; on the contrary, it is where things
pick up speed. Between things does not designate a
localizable relation going from one thing to the other and
back again, but a perpendicular direction, a transversal
movement that sweeps one and the other away, a stream
without beginning or end that undermines its banks and
picks up speed in the middle.”. [1] Also for Régis Debray
in his book ‘Media Manifestos’ (1996), we should focus on
the in-between: “Looking not for that which is behind, but
for what takes place between, the mediologist beholds
himself constrained to set up his footstool before three
more dignified arm-chairs: those of the historian of tech-
nology, the semiologist and the sociologist. An uncomfort-
able position but inevitable.”. [2]

Location of Action

Noise

For Homi Bhabha in his book ‘The Location of Culture’,
published in 1994, it is at the boundaries of cultures, at
their interfaces that meanings and values are (mis)read.
However, he notices that this interface, in-between or limit
is seldom addressed and often even disavowed. In other
words, not only are there new locations to be discovered,
locations that exist between installed systems of know-
ledge and that have become visible or audible through a
change of perspective, we can equally argue that these
map/model spaces are a possible ‘new’ space for negotia-
tion. These spaces are places that allow for the re-location
and re-configuring of concepts that as a result of this pro-
cess of shifting perspective no longer belong to any one
system and it is also a place for the new insights and con-
cepts that were made visible/audible or that were generated
in-between locations. This location of action, as defined by
a ‘liquid’ space bears some similarities with the sociologi-
cal and anthropological concept of the ‘Third Space’ as
expressed by Homi Bhabha and which refers to a place of
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negotiation where cultural differences as expressed through
(mis)reading meanings and (mis)appropriations can be
negotiated. In his book on post-colonial cultures Homi
Bhabha quotes the American anthropologist Marshall Sah-
lins: “We have to do not so much with functional domi-
nance as with structural - with different structures of sym-
bolic integration. And to this gross difference in design
correspond differences in symbolic performance: between
an open, expanding code, responsive by continuous permu-
tation to events it has itself staged, and an apparently static
one that seems to know not events, but only its own pre-
conceptions.”. [3] [4] In this context Homi Bhabha calls
for a ‘Third Space’, a place where the structure of meaning
becomes a complex process. This place is not representable
in itself but it is a place where signs and symbols can be
appropriated, or even translated, re-historicized and have
become regenerated into something new. Accordingly, this
new space or ‘Third Space’ is “the cutting edge of transla-
tion and negotiation, the in-between space - that carries the
burden of the meaning of culture.”. [5]

The aim of this artistic and scientific project is to be-
come a model as well as a generator for novelty embracing
and dealing with multi-viewpoint perspectives through
multi-sensory integration. Historically we have seen how-
ever, that any model or map is only applicable in a limited
or located context. This is also true for the proposed pro-
ject. With the construction of the sound localization and
auralization artwork we could argue that this partiality of
‘truth’ is to be found in the unstable nature of the generated
content itself. The liquid nature of the systems and the
shifting perspective by default install a limited and there-
fore unstable novelty. Each concept, through the shifting
position, must be evaluated from the standpoint of all the
systems, as these in-between places are in constant flux.
Thus re-assessing information from different points of
view by definition makes its lifespan short or temporary.
The in-between space is a temporary space, a space in con-
stant flux subsequently altering the content of the assessed
concept.

Models and Mirrors

In his book ‘Models and Mirrors, towards an anthropology
of public events’, published in 1990, the Canadian anthro-
pologist Don Handelman discusses cultural practices and
in particular the cross-cultural analysis of public events. In
his anthropological work a theory and method are proposed
to expand our understanding of symbolic practice includ-
ing artistic/scientific artefacts. In general terms Handelman
considers ‘rituals’, without making any reference to reli-
gion, as practices which “intentionally organize and orien-
tate us to our horizons of being-in- the-world”. [6] It is
through these practices that we, as humans, have the possi-
bility to react and respond in relation to the options and



prospects that these practices offer. In order to understand
these practices of (public) events Handelman’s research
focuses on their design, or more precisely the logics of the
(organization of) practice. In addition, Handelman asks for
caution when using encompassing terms such as practice,
ritual or public event as these terms (as a sort of master
category) tend to exclude all differences amongst them and
in doing so homogenize all these events as one simple
category. Therefore, in order to include possible differ-
ences, Handelman makes a plea “[...] to imagine and to
theorize public events as autonomous, as phenomena in
their own right, with their own integrities of logic and de-
sign”. [7]

In particular these events are set up, constructed and des-
tined to offer us a (limited, local, partial or total, global)
worldview. These frameworks are often of a multiple and
multilayered nature thereby mimicking the complex inter-
relations that occur within society. Art as part of our cul-
ture interacts, reflects and comments upon this society and
offers us alternative ways of looking and understanding.
Furthermore, change, innovation, in- betweennes or mid-
dle, provisionally defined as ‘liquid’, prove to be driving
forces in society. In addition, special attention has been
given to the scientific research within (sound) engineering
as an important moment in our times influencing large
parts of society and as such our thinking about the world
giving birth to a series of new theories, models, maps and
artworks. Especially the introduction of multimicrophone
sound and localization experiments has been analyzed
within the fields of art and media to examine the multi-,
inter-, inner-concepts related to media and art. Again, ‘li-
quidity’ has been proposed as a new framework of thinking
characterized by the similar concepts of change and inno-
vation.

Multi-viewpoint

“The explanation is obvious: The Garden of Forking Paths
is an incomplete, but not false, image of the universe as
Ts’ui Pén conceived it. In contrast to Newton and
Schopenhauer, your ancestor did not believe in a uniform,
absolute time. He believed in an infinite series of times, in
a growing, dizzying net of divergent, convergent and paral-
lel times. This network of times which approached one
another, forked, broke off, or were unaware of one another
for centuries, embraces all possibilities of time. We do not
exist in the majority of these times; in some you exist, and
not I; in others I, and not you; in others, both of us. In the
present one, which a favorable fate has granted me, you
have arrived at my house; in another, while crossing the
garden, you found me dead; in still another, I utter these
same words, but I am a mistake, a ghost”. [8] We start
from Borges’ Garden of Forking Paths. Firstly his descrip-
tion of a labyrinth with multiple possible entry points and
viewing positions can be directly related to the construc-

Full Papers

tion (or initial structure) of this research. Secondly, the
story is often referred to as the first ‘hypertext’ novel. For
Janet H. Murray in her book ‘Hamlet on the Holodeck: The
Future of Narrative in Cyberspace’ (1997), this text is a
good example of a multiform story, described as a narra-
tive where a single situation is presented in multiple ver-
sions. The story unfolds itself as a maze with different
viewing positions, different entry and end points and the
possibility to choose or navigate between the infinite list of
options and thus creating a different interpretation of the
information. In an essay entitled ‘Inventing the Medium’
(published in the ‘New Media Reader’) Murray further
comments: “Borges confronts us with the ‘pullulating’
moment, when we become aware of all the possible choi-
ces we might make, all the ways in which we might inter-
sect one another for good or evil.” [9]

In order to access these (multiple) local realities embed-
ded in and part of a (possible) larger or global worldview
we will reintroduce the stroller or wanderer or flaneur as a
device to unravel and present evidence for understanding
the increasingly complex ways in which artists (and scien-
tists) develop, model and mirror our world. Most import-
antly this research is about the ways artists (and scientists)
deal with, create and endure new meaning and how they
comprehend and construct the world through theories,
models and maps. This project will argue that theorizing,
modelling and mapping implies (creating) a (series of)
local world views in relation to (or even opposed to) a lar-
ger global world view and that the concept of ‘in- be-
tweenness’ is central to the discourses and artworks that
shape these world views. In doing so an artwork, triggering
the installation of a map, model and/or theory for orienta-
tion is needed, which will be called the ‘liquid’ framework.

Walking, seeing, listening

In literature and philosophy many authors have addressed
the character of the wanderer or walker as a tool (or even
theoretical construct) for articulating local realities. The
best studied example is the ‘flaneur’ as introduced by
Baudelaire in many of his poems as part of ‘Les Fleurs du
Mal’ (The Flowers of Evil) first published in 1857. The
idea of the flaneur was inspired for Baudrillard by Edgar
Allen Poe’s ‘The Man of the Crowd’ first published in
1840, where a nameless man (the narrator) follows another
person through London. This work as well as the idea of
the flaneur by Baudelaire are extensively discussed by
Walter Benjamin in his book ‘Illuminations’ (1969). The
flaneur feels at home in the city and dwells the streets (an-
onymously) to look at and register local habits and facts
within a multilayered, global entity. A good example for
this shift from global or general observations to detailed
descriptions can be found in Poe’s work: “At first my ob-
servations took an abstract and generalizing turn. [...]
Soon, however, I descended to details, and regarded with
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minute interest the innumerable varieties of figure, dress,
air, gait, visage, and expression of countenance.” (1840).
Bit by bit, the flaneur is able to analyze, categorize and
define the different entities that he is overlooking in an
attempt to construct the whole, the initially unreadable: “IT
WAS well said of a certain German book that "er lasst sich
nicht lesen"-it does not permit itself to be read. There are
some secrets which do not permit themselves to be told.”.
[10] Both the characters of Baudelaire and Poe feel com-
fortable in a fluid, liquid surrounding and their trajectory or
path is mainly guided by the interest in seeing, discovering
new things, a search for novelty in an active way by walk-
ing. As such, the walking becomes an allegory for the in-
tellectual endeavour or processes during the search. For
James V. Werner this active process differentiates the
walker from the observer and creates a fluid and observa-
tional viewpoint rather than a static one, that “allows (in-
deed compels) him almost completely to ‘read’ his envi-
ronment, nearly to transcend the boundary between inter-
pretation and experience [...]”. [11] Also for Burton
(2010), the flaneur ‘strives to be both all-seeing and invis-
ible’ and unlike the observer he will do this in an active
manner.

Just as in the London or Paris city settings as described
by Poe, Dickens (Night Walks) and Baudelaire, this re-
search is constructed as a map or city maze where the
reader or walker can walk through actively in search of
those connections which interest or trigger him/her most.
Or, in a Deleuzian sense a nomadic travel generating a
series of ‘close-range’ visions in a multiple, variegated
environment. [12] Well aware of the multiple and subtle
differences between the flaneur, observer or walker as dis-
cussed by Deleuze, Benjamin, De Certau or the ‘dérive’ by
Debord amongst others or in the literature by Dickens, Poe,
Rousseau or Baudelaire, the concept of walking here is
introduced in the simple construct of accessing (and under-
standing) information on different levels, in different con-
texts and in different connections. This research does not
focus on the flaneur but rather adopts the metaphor of
walking as a means to access information in a gradual
(local) way in the hope to understand or unravel the total
(global). The city or landscape thus becomes the paper, the
walker becomes the reader as a means to produce rich or
thick information. One can choose to walk intuitively or
one can choose to walk following a fixed route. However,
one element proper to the flaneur proves to be relevant to
the content of the research, mapping or modelling involves
a viewing position. Are we in or outside a given system, do
we take part or simply observe, do we look from within or
above?

Thickening
Just as in cooking a thickener is used to thicken (or in-
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crease the viscosity) of fluids, the concept of thickening as
described by Clifford Geertz will be used in an attempt to
thicken our liquid knowledge society as discussed by
Bauman. This act of thickening can be reformulated in the
context of accumulating, becoming more intense or intensi-
fying, deepening. Seen in this way the act of thickening
becomes a means to deepen the concepts discussed in the
research by a strategy of revisiting the postulated ‘liquid’
framework. In this respect we use the word ‘means’ instead
of ‘method’ as for Geertz focus should not be on tech-
niques or procedures but on a specific intellectual effort or
an elaborated activity or endeavour. This revisiting has
been done in three domains (art, sociology and science) to
test-drive the idea of the framework set-up to deal with the
notion of novelty and change. How do artists, theorists,
scientists deal with this notion of new and how this is re-
flected in their work in particular in the context of the
powerful introduction of a liquid society. How do we posi-
tion (geographically, mentally) ourselves in a given sys-
tem? Do we take part in the system or do we view from
above? Are we in, out or do we simply walk through. And
is this mapping a static given or does it initiate certain dy-
namics? As discussed central is the idea of a ‘multilayered’
nature, being works (artistic and scientific) where different
people on different levels are involved on the level of con-
ception and/or production. Also the way in which we deal
with a multi-media environment or total spectacle or model
proves to be an important factor for the further develop-
ment of a framework helping us to understand our lived-in
world. In addition, also the way in which a ‘subjective’
worldview is addressed is key to understand the dynamics
of change and novelty.

Furthermore it became apparent that the model/artwork
in itself proved to be an interesting concept with which to
deal with those ‘new’ worldviews. As discussed, models
are only applicable in and on a local part of reality (world),
here again also the grey zones between models prove to
generate interesting insights in relation to novelty. How to
deal with these new theories of media, how to position
these ‘new’ media in respect to the ‘old’, how to tell new
narratives triggered by new technological discoveries? Out
of the results a first model could be identified describing
these processes of change in the field of media theory and
new media art. In a second stage this ‘trans’ idea proved to
be a central element in mapping and cartography. How do
we position ourselves in a given system? Do we take part
in the system or do we view from above? Are we in, out or
do we simply walk through.

In other words, can we model a framework to deal with
our liquid society and how could this model become a gen-
erator for the new? Out of this research two other (initially
unexpected) elements came to the foreground, the first
questions how to interpret map, model or theory. And are
these interchangeable or only applicable in certain contexts
(local parts of reality)? The second installs a duality (some-
times even a paradox) by being at the same time the con-



struct for interpretation (map, model, theory) and simulta-
neously the object for construction (trans, change, middle).
In other words ‘liquid’ becomes a model for the interpreta-
tion of change but at the same time is responsible for this
change, being change itself.

In his landmark book ‘The Interpretation of Cultures’
published in 1973, the anthropologist Clifford Geertz el-
aborates on this concept of ‘thick description’. For Geertz
what a researcher/artist is faced with (except the automated
routine of data collection) “is a multiplicity of complex
conceptual structures, many of them superimposed upon or
knotted into one another, which are at once strange, irregu-
lar, and inexplicit, and which he must contrive somehow
first to grasp and then to render.” [13] Furthermore, under-
standing (of a culture for instance) for Geertz exposes a
certain normalness without reducing the particularities. It
renders information accessible and dissolves its possible
opacity. However, he also warns that this approach, some-
times referred to as ‘seeing (hearing, sic) from the actor’s
point of view’ or ‘the verstehen approach’, often may lead
to a notion of fantasy or speculation and must therefore be
approached with great care. As a result, a thick description
is needed where case studies, events and theories can be
studied in detail, by building layer after layer, so one is
able to assess and evaluate the degree in which the conclu-
sions made are also valid or convertible to other systems or
situations or time frames. One must not only study the
phenomena but also the context in which they take place in
order for them to become understandable for a third party.
This thick or multilayered description has a double func-
tion: “Such a view of how theory functions in an interpre-
tive science suggests that the distinction, relative in any
case, that appears in the experimental or observational sci-
ences between ‘description’ and ‘explanation’ appears here
as one, even more relative, between ‘inscription’ (‘thick
description’) and ‘specification’ (‘diagnosis’) — between
setting down the meaning particular social actions have for
the actors whose actions they are, and stating, as explicitly
as we can manage, what the knowledge thus attained dem-
onstrates about the society in which it is found and, beyond
that, about social life as such. Our double task is to un-
cover the conceptual structures that inform our subjects’
acts, the ‘said’ of social discourse, and to construct a sys-
tem of analysis in whose terms what is generic to those
structures, what belongs to them because they are what
they are, will stand out against the other determinants of
human behaviour. In ethnography, the office of theory is to
provide a vocabulary in which what symbolic action has to
say about itself - that is, about the role of culture in human
life - can be expressed.” [14] In other words, Geertz is well
aware that meaning is always changing, always in flux and
rooted in a specific culture, therefore he suggests the thick
description as a means to describe the phenomena together
with their context through a multilayered approach. For
this research, it is exactly this multilayered view through a
sound localization and auralization artwork that enables
understanding as well as context, where results and inter-
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pretations from one experience are being transferred and
interpreted in a different context to investigate their va-
lidity.

Experiments on auditory scene perception
embracing liquidity and multi-viewpoint per-
ception

The scientific literature on the auditory perception of sound
scenes is vast, and the concept of binaural spatial hearing
(Blauert, 1997) turns out to play a central role in any audi-
tory perception task. Models of auditory scene perception
are generally based on the segregation of such scenes into
auditory events or objects (Bregman, 1994), and are vali-
dated with psychoacoustic experiments in which subjects
are presented with auditory stimuli in a controlled envi-
ronment. While such models and experiments have indeed
laid the foundations for our current insight into the com-
plex mechanims of how the human auditory system is
capable of analyzing, interpreting, and giving meaning to
rich auditory scenes, the concepts of liquidity and multi-
viewpoint perception are hardly covered in this traditional
psychoacoustic framework.

From the technologist’s and experimentalist’s perspec-
tive, the scientific investigation of liquidity and multi-
viewpoint perception requires that the subject under study
be placed in a dynamic, continuous, and ecological envi-
ronment and is given the freedom to move, walk, navigate
and act in that environment. Such approach implies that the
investigator is released from the prerogative of a controlled
experimental environment, allowing the experiment to be-
come an artistic and scientific project in which the subject
under study takes the role of the flaneur.

In the experiment/artwork, subjects will be presented
with binaural sound rendered in wireless headphones while
walking in a multilayered physical environment. The ren-
dered sound consists of virtual sound sources that are
auralized using an acoustic model of the actual physical
environment in which the subject takes the experiment.
This will be achieved by making a priori spatial recordings
of the scenario where the virtual sound sources are actually
placed in the physical environment. These recordings will
be made with a sound field microphone positioned at a
discrete set of measurement positions. Generating liquidity
between measurement positions is performed by interpola-
tion of the measurements, using an interpolation method
that takes into account the acoustic properties of the phys-
ical environment (Antonello, 2017) and applying principles
of optimal mass transport to avoid that the energy of a
moving source is artificially scattered during interpolation
(Elvander, 2018). [15] [16]

Real-time dynamic binaural rendering will be performed
based on the instantaneous position and orientation of the
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subject retrieved using a head tracker. This approach in-
deed fits the objective of virtually synthesizing a truly
multi-viewpoint auditory experience while walking. The
rendering method will be designed based on recent insights
in multi-viewpoint sound source localization which were
obtained as the result of a large-scale auralization experi-
ment (De Sena, 2017). [17] Interestingly, in this experi-
ment it was observed that subjects presented with the task
of turning towards a virtual sound source will first perform
a wide-range angular “scan” of the auditory scene, fol-
lowed by narrow-range movements around the presumed
sound source direction. This behaviour indeed discloses the
flaneur’s tendency to gradually shift from global observa-
tions to detailed descriptions as discussed previously.

Conclusion

This paper sketched the setting of the research, outlining
the framework of thinking from within three concrete set-
tings, (i) new media theorie(s) and its associated artistic
practices (or vice versa), (ii) the construction of mod-
els/artworks and their power to generate new meanings and
insights and (iii) the crucial role of science in its generating
constructive power by the means of artefacts and its philo-
sophical implications when constructing and using these
models. All discussed the current ideas of thinking in the
relative fields and established the need for an alternative
(new) means of interpretation. In this set up, the role of the
‘liquid’ framework has proven to be crucial by articulating
new positions through which to interpret the different con-
stituting elements. The concept of being in-between, in
movement, dynamic, open ended, multiple entryways and
multiplicity has been denoted and is the underlying over-
coupling engine. As discussed, in terms of our perception,
we might say the 'world' first appears for us in the form of
a representation, and often in the form of models and maps.
But people do not experience the world the way it is repre-
sented in maps and equally it is impossible to perceive the
world in its total reality. Immanuel Kant refers to this as-
pect of perceiving the world as a ‘regulativ Idee’ (a border
concept) a concept that leads our experience but that in
itself is not experienceable. Where maps used to be repre-
sentations of a territory installed by a nation or state, they
have now also become representations of other forms of
‘reality’ visualizing a broader cultural debate. Therefore
the mapping has been substituted by an artwork, a sound
walk, including all possible references (both artistic as well
as scientific), to indicate our multilayered lived-in world.
Only by acknowledging these multiple points of view, here
expressed through technology and art, the research has
installed itself as an autonomous practice or tool that al-
lows us to orient ourselves or to find or share common
interests. As such, as Baudrillard puts it, the map even pre-
cedes the territory. In our case, the walk and binaural ex-
perience precedes reality. The work has gained an authori-
tative power that can overrule reality. What has been put
on the map/artwork is affirmed to be real, what is left out is
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considered not to exist. The work has become more real
than the lived experience. By the very act of condensing
complex information about this world into a sound experi-
ence, art can strengthen/initiate a feeling of orientation or
disorientation.
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Abstract

Human perception has long been influenced by
technological breakthroughs. An intimate mediation of
technology lies in between our direct perceptions and the
environment we perceive. Through three extreme ideal types
of perceptual machines, this project defamiliarizes and
questions the habitual ways in which we interpret, operate,
and understand the visual world intervened by digital media.
The three machines create: Hyper-sensitive vision — a
speculation on social media’s amplification effect and our
filtered communication landscape. Hyper-focused vision —
an analogue version of the searching behavior on the
Internet. Hyper-commoditized vision — monetized vision
that meditates on the omnipresent advertisement targeted all
over our visual field. The site of intervention is the visual
field in a technologically augmented society. All the three
machines have both internal state and external signal.

Keywords

Wearable; Speculative Design; Augmented Reality;

Vision; Tactile Art; Soft Robotics

Figure 1: Hyper-sensitive vision (left), Hyper-focused vision
(middle), Hyper-commoditized vision (right).

Hyper-allergenic Vision Syndrome

The modern society has observed an increase in allergies
and intolerances. Hypersensitivities are emerging not only
medically but also mentally. Technology has this mutual
reinforcement effect that people tend to become less
tolerant because they interact even less with people who
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have different backgrounds and opinions just because of
the structure of the Internet’s ability to connect selectively
and to filter information. Digital media as mediator
reinforce people’s tendency of overreacting through viral
spread of information and amplification of opinions,
making us hypersensitive to our social-political
environment. Similar to patterns of intolerance to signals
that we see with our immune system, we also see with our
mental responses to our environment, to mental
stimulation, and to the distribution of the sensible. Under
the current social-political media condition, we device
more and more structures in order to aggressively filter this
environment both in terms of digital media and in terms of
physical interactions like what we eat. By creating an
artificial allergy to redness, this machine manifests the
nonsensical hypersensitivity devised by digital media.

Figure 2: Symptoms of Hyper-allergenic Vision Syndrome:
tendency of overreact, politics of anger, filtered communication
landscape, severe symptoms may include total separation and
isolation from the red world.

Figure 3: Viewing American presidential election map with red
allergy. Create allergy: Expand (left); Cure allergy: Shrink (right).



Figure 4: The helmet can be wear in two modes: nocebo mode
and placebo mode.

Nocebo effect occurs when negative expectations of the
patient regarding a treatment cause the treatment to have
an even more negative effect than it otherwise would have.
In this mode, the helmet is a machine that gives you the
experience of sensory hyper allergy. Whenever you are
exposed to red, the red expands in your visual field. This
effect is similar to social media amplification: digital
media has this effect, when you are looking into something
that bothers you, you tend to find other people that share
the same emotion, and then you exchange messages,
memes, photos, and become more and more angry. That’s
why we are living in the politics of anger. People tend to
find like-minded people, thus a trivial issue get amplified
and becomes intolerable.

A placebo is given to a person in order to deceive the
recipient into thinking that it is an active treatment, and it
actually makes the patient feels better both psychologically
and physically. In this mode, the helmet becomes an
artificial cure to this allergic. Whenever one encounters
red, the red shrinks. This is similar to the filtered
communication landscape caused by digital media, where
we can unfollow the people with different opinions, and
remove them completely from our communication channel.

Figure 5: As a side effect, the helmet generates smoke and turns
into a green bubble to neutralize red.

Video 1: https://youtu.be/L4rbfNRSN7s
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Figure 6: Construction of the perceptual machine.

The front part of the helmet contains a first surface mirror,
Fresnel lens, and a see through mirror. With a phone in
front, the lenses create an augmented reality experience.
The shell has a 3-layer fly eyeball dome structure and is
3D printed with clear resin. An Adafruit ESP8266 triggers
the light and atomizer to generate green smoke when red is
detected from the phone. The App is created with Unity
and OpenCV.

Figure 7: This kind of hyper allergenic environment undermines
social interaction.

Overtime, this allergy becomes a form of identity. What
people are allergic or intolerant to may be totally
nonsensical, or do not have a scientific base, like the gluten
free diet, or intolerance to certain political views. This kind
of hyper allergenic environment undermines social
interaction.

Everyday life becomes so intolerable, because there are so
many signals that cause extreme reactions. People end up
in a green room where everything is green, to isolate
themselves from the red world. Everybody else in the room
has the same allergy. This intolerance causes them to
congregate with like-minded people to try to make
everything agreeable. In fact, there are many rooms in the
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world, some are totally red and some are entirely green.
They are completely separated and the people inside one
room never cross path with the other. Human communities
become hyper fragmented and separated, they cannot find
channels of communication between each other.

Figure 8: The red, green, blue rooms in the world. They are
completely separated.

Tactile Vision

Vision works well when we have an overview of the total
system, but the way we search in digital media is through
little steps, from link to link — a tactile experience as we
feel the landscape. We can never see it as a whole because
it’s not a continuous space. Instead, we look through a
pinhole and build up everything without an overview. This
searching function enables us to reduce the amount of
chance and encounters, so we can just directly search for
something in an extremely focused way and filter out
everything else. This wearable is the extreme version of we
possessing only one sense for one thing. With a pneumatic
system made of silicon that reacts to the sensing of light in
front of both eyes, the wearer gains stereovision to
distinguish directions for navigating in space. Depriving all
other sensory experiences and leaving only one signal
channel, this hyper-narrow, focused, and filtered vision is
an analog version of the searching behavior on the Internet.

Figure 9: Searching for light with tactile vision

Video 2: https://youtu.be/IOEvmTMtyHI
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When surfing the Internet, there are two modes of being
there: one is wondering around, which happens a lot at the
beginning of the Internet. One can easily get lost in the vast
landscape of information. As media becomes more
efficient in delivering information, it gives us the tool —
searching — to limit this wondering, hence we become
more focused and targeted.

" light source

light source

predator: tactility
stereo vision of light

Figure 10: On each side of the eye locates a photodiode to sense
the light, and a pneumatic system made with elastomer to react
according to the sensor. The mask breathes gently when the light
is far away and rapidly as the light gets closer.

Figure 11: Like the two eyes we possess, the distance in between
the two sensors forms a stereovision. Hence the location and
depth of the upcoming light can be distinguished.

Figure 12: A pneumatic system made with elastomer that
inflates/deflates in various speeds according to the intensity of
light.



Figure 13: Like a dating App for cave animals.

The anglerfish lives in what is easily Earth's most
inhospitable habitat: the lonely, lightless bottom of the sea.
They have a piece of dorsal spine tipped with a lure of
luminous flesh that protrudes above their mouths like a
fishing pole, which lures the prey close enough for the
anglerfish to devour them whole. Similar to the predation
behavior of the anglerfish, the high intensity light
sprouting from the middle of the mask is a cue, or a lure,
for others to find them in total darkness. Light, the single
signal here, is a communication channel and a trap. Only
responding to single stimuli may be an efficient way to
find things, but may also be a very easy way to get trapped
or fooled. Similar to searching, when you are only
interested in one thing and only looking for it, you loose
the capacity to see things in context to make more
informed decisions. Like moth into flame, this hyper
specialized vision, with light as the only stimuli, is very
efficient, but also very easy to be tricked.

Figure 14: The participants draw the route they’ve passed.

We invited people to experience the tactile vision in a
3x4m room. First we let one participant try to find the light
across the room. Then we let two participants try to find
each other. They were asked to draw the route they’ve
passed (fig. 14). The participants have no prior knowledge
of the room and the position of the light. With the
stereovision they were able to find the targets. Here are
some of their testimonies: “The tactility of the elastomer
and the fuzzy light kind of invite a sensory intimacy and
eroticize the human relation to reality.” “You really have to
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move in space to achieve the incremental understanding of
what is your relationship to the stimuli you respond to.”

Figure 15: Fabrication process: laser cut the molds from acrylic
sheets, pour Ecoflex 00-30 into the molds, leave it to cure then
peel off carefully, assemble the top and bottom layers together
with the tubes, actuate and check for clogs and openings

Commoditized Vision

“There are ceaseless bombardments of advertising
nowadays. Images are converted into endless commodities
manufactured to postpone boredom; humans in turn are
commoditized. [1]” “From television to newspapers, from
advertising to all sorts of mercantile epiphanies, our
society is characterized by a cancerous growth of vision,
measuring everything by its ability to show or be shown.
[2]” The commodification of the visual field requires
observers that can rapidly consume visual information. The
downside of this is the extreme overloading of information
that has to be packed into the visual field in order to make
the most out of every second when we are looking at
something. It prevents us from any kinds of contemplative
relationship to the world. The meditative relationship to
what we are staring at is no longer possible because
everything has an overlay of commercial information
trying to extract value from us. The visual field becomes a
commodity that has real estate value. By creating the
tension between meditative state and consumptive state,
the third machine contemplates on how augmenting the
visual field with new technologies affects our relationship
to the world in this particular social-economic context.

This perceptual machine has two modes: Make Money
mode and Spend Money mode.
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Video 3: https://youtu.be/5zrxe Amf8rc

Figure 16: In make money mode, the ubiquitous advertisement
fills in everywhere (right). You can earn money by looking at
these advertisements, but at the same time your eyes languish
(left).

Figure 17: In spend money mode, advertisement disappears
(right) and money drops accordingly, but your eyes are refreshed
(left). You have some time until the money goes to zero where
you don’t see any commercials so that you can contemplate the
world.
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Figure 18: The gradient of the two modes are not equal.

It takes more time to make money than to spend money, so
you have to look at the advertisement a lot more time in
order to have a few seconds of contemplation. You have to
manage your time in the world between looking at what
you want and what makes money. Everyday activity
becomes hampered by the fact that you have to convert
vision into a moneymaking enterprise. Unfortunately, even
when you have the ability to do these activities, you have
to do it in a rush, because you don’t have enough capitals.
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Figure 19: The eye is a surface, a map, a landscape, an agency to

convey the inner status of oneself

Figure 20: The reflective mirror reflects the environment. You
become what you see.

Once the technology is able to colonize the site itself, we
have no choice anymore. More efficient viewer becomes
more efficient labor. Like Juhani said: “Perhaps, freed of
the implicit desire of the eye for control and power, it is
precisely the unfocused vision of our time that is again
capable of opening up new realms of vision and thought...
The technological extensions of the senses have until now
reinforced the primacy of vision, but the new technologies
may also help the body to dethrone the disinterested gaze
of the disincarnate Cartesian spectator. [2]”
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