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PART I
Introduction, Study Design, and Theory



1 Novelty and Technological Objects

“La genese de I’objet technique fait partie de son étre.”
Gilbert Simondon (1958)

This study is about novelty and technological objects. It is about the unfolding
and revealing of what was not there before, and how the new individuates and
enters a technical form. Technology is an ambiguous term in this regard: on the
one hand, stability, repetition, and predictability characterize technology, and, on
the other hand, technology challenges order, as it is poietic. The striving for
stability reflects the former meaning of technology as a stabilized set of relations
that repetitively produces expected results. If one applies technology, one can
expect certainty, predictability, and repeatability at the level of epistemic as well
as social practice. Technology involves the fixing of relations, in this regard. In
contrast, technology also implies assembling and arranging new relations, con-
necting things that were not connected before. Martin Heidegger spoke in this
regard of technology as a revealing (Entbergen), which addresses a moving into
presence and an unconcealment of relations (Heidegger 1977). This expresses
technology’s potential to form, create, and articulate new relations among previ-
ously disconnected entities. Technology is not only a matter of stabilizing exist-
ing relations then, but also a matter of contending these. In this respect, novelty
seems like a natural companion to technology, as technical forms imply assem-
bling and re-arranging elements. This paradox between stabilizing and revealing
relations signifies technology and the different forms it enters.

The study takes its beginning in a simple but intriguing empirical similarity
concerning technology’s latter meaning: the poietic engagement with technology
in science as well as in art. At first sight, science seems to be the more natural
habitat for technology, and technology in art occurs more as a contemporary
phenomenon. Big science dominates the public image of science, with its high-
technology infrastructures and the promises of technological progress and inno-
vation that go along with it. The scientific mode of revealing the world and the
institutionalization of experimental science in the 17" century deeply connect
with the development of epistemic hardware like technical apparatuses, instru-
ments, and experimental settings, which have found their temporary climax in
superstructures like CERN’s particle accelerator. However, it was never big
science alone that was concerned with technology. There is a certain tinkering
culture in science, too, which fosters small-scale projects of developing and
engineering technological objects (cf. Pickering 1995). This is, for instance, how

© Springer Fachmedien Wiesbaden GmbH 2017
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16 1 Novelty and Technological Objects

gravity waves were rendered first by a community of scientists who engineered
their own experimental settings (Collins 1982), or how cyberneticists build tech-
nical apparatuses instead of only running abstract simulations (Pickering 2002).
In those cases, the engineering of hardware and the physical creation of behavior
occur as an epistemic counterpart to the rather clean grammar of abstract theory,
as well as to the top-down development of technical infrastructure through high-
finance projects.

Technology is certainly not alien to art if one understands technology in a
broad sense. The Greek term téchne already resonates with the quest for stabi-
lized methods and rules in the production of art. The rules structure for produc-
ing art are a success story in and of itself and is translated into “creativity tech-
niques” with various aesthetic applications in postmodern societies (Reckwitz
2012). However, this is not what I mean when referring to the similarity of poiet-
ic engagement with technology in science and art. The similarity refers to tech-
nology in a much more narrow sense and, in particular, to the advent of techno-
logically complex artworks as in media art, which comment on technological
development, and wherein the constructed objects require sophisticated skills of
electrical engineering and programming. In this sense, technology appears
somewhat as a contemporary phenomenon in contrast to technical traditions in
science. The advent of artworks that implement the latest technologies began in
the 1960s, when artists like Nam June Paik and Edward Thnatowicz began build-
ing cybernetic sculptures equipped with sensors, electronics, microchips, and
other technologies that required engineering skills and not only expressive meth-
ods. For instance, Thnatowicz’s The Senster from 1968-70 is a movable sculpture
that reacts to movement and sound from the audience. Thnatowicz implemented
state-of-the-art sensory and microchip technologies from electronics developer
Philips for its technical construction (Zivanovic 2005). This kind of technologi-
cal engagement is not a singular case in media art, and there has already been a
certain tradition for artworks that implement the latest technologies. However,
literature on media art is mainly concerned with documenting objects and dis-
cussing their symbolic and discursive meanings. This is no surprise, as media art
is almost exclusively the subject matter of the history of art and media studies
and has found little recognition in science and technology studies or the sociolo-
gy of technology. This narrow focus on symbolic meaning conceals the material
dynamics of technological engineering. In contrast, in the present study, I ap-
proach media art with a focus on technology and from the perspective of science
and technology studies.

Similarly to the ethnographic approach to studying science, which began
moving into the laboratories of hard science in the 1980s so to render visible the
technological breeding space of scientific knowledge, I move into a robotics
laboratory as well as into a media artist’s studio. In this sense, I approach the
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initiating observation by comparing cases from both arenas through a shared
lens. This technographic lens blends heuristic resources from science and tech-
nology studies and focuses on the technological aspects of scientific and artistic
practice. In this sense, it focuses on the micro-scale of engaging with technology.

The science object of that comparison is a robotic hand made from silicone.
It is called the RBO Hand. Silicone is not a common material used for robotic
hands. Usually, robotic hands are made from solid materials that are electronical-
ly steered. Hence, the silicone hand’s grasping is not programmed, but based on
compliance with an artifact’s surface. The hand is a current research challenge
for a robotics laboratory. The art object of the comparison is a media installation
called Mirage. For its investigation, I visited an artist’s studio and accompanied
him during his creative process. The installation consists of different mechanical
and electronic elements assembled to create a kind of floating movement. The
movement is visualized through a laser projection that reacts to the contingent
interaction of these elements. Both objects are technically complex; that is, their
engineering requires advanced technical knowledge and a specific material infra-
structure to build them. Furthermore, their complexity entails opacity, which
renders the exact principles of their inner workings hidden not only from the lay
spectator, but also from all actors involved. Over the course of approximately
two years, I encountered both objects’ developments through various situations. I
visited experiments in the laboratory and studio, followed mundane tinkering
practices, recurrently conducted interviews, went to robotics conferences and art
exhibitions, and analyzed both objects’ international discursive recognition and
valorization through citation, awards, and documentation.

The focus of this study is not on the role of technology in practices as such.
It does not examine how technology infiltrates epistemic and artistic practice, in
the sense of stabilizing a given set of methods or creative techniques. Surely,
how technology supports practices plays a role for empirically inquiring into
scientific and aesthetic conduct, but the main issue of the study is the object-
character of technology. An object, in this regard, is something produced and
perceived as exterior to the self; that is, opposing and reflecting human activity.
It is neither the material artifact nor its symbolic meaning; it is the sense of co-
herence that runs through both geneses. The object is not a given, simply there,
nor does it belong, by nature, to a specific kind. Rather, it is produced as some-
thing individual through its consistent and converging qualities. Philosopher of
technology Gilbert Simondon expresses this, saying, “the technical object is
unity as a unity of becoming” (Simondon [1958] 2012a, 20). It does not precede
its becoming, but the object is the sense of unity and coherence that is present in
every state of becoming. It is not a fixed materialized unit, but a composition that
requires rendering to exist as an entity.
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The aim of this study is to characterize novelty within the different states
and compositions of an object’s becoming. It is not concerned with the social
meaning of novelty — what actors understand as new, progressive, or wishful.
These questions are already tackled by the larger cannon of sociological innova-
tion studies as well as by critical science and technology studies, which both
discuss how technology and innovation embodies societal desires for progress
and salvation (i.e. Pinch and Bijker 1987; Giddens 1990; Braun-Thiirmann 2005;
Hutter et al. 2015). In contrast, this study aims at saying something more sub-
stantial about novelty. It attempts to delineate certain shifts or thresholds in an
object’s becoming that individuate an object and render its difference visible.
This is not to say that novelty is a stable property of an object. On the contrary, it
might change throughout an object’s genesis: novelty might appear as a re-
assemblage or as a rupture in the flow of things, as potential or as efficacy. This
entails attending the enactment of novelty through cultural imaginaries and nar-
ratives about technologies, as well as acknowledging the shifts in technical forms
that make loose elements enter a new kind of circularity. The main question for
this study is: what is novelty in the becoming of technological objects, and how
does it become part of a shared reality?

Drawing on the body of existing literature, the study distinguishes three es-
tablished theoretical perspectives on novelty and technological objects: novelty
as invention (i.e. Gilfillan 1952; Schumpeter 1939; Hughes 1987), as differential
pattern (i.e. Latour and Woolgar 1986; Rheinberger 1992; Pickering 1995), and
as biographical passage (i.e. Kopytoff 1986; Groys 1997; Daston 2000). Despite
certain points of critique, the aim of the present study is to render visible an issue
that these perspectives only implicitly carry: the tension between individuating
and relating that characterizes an object’s novelty. Individuation makes an object
one, and relating makes it one of the many in order to mark its difference. This
central tension characterizes novelty, whose different forms this study seeks to
render visible. It stresses that novelty is not only difference as such, but that
difference requires coherence among the diverse elements of an object’s compo-
sitions to become novelty.

To cope with this analytical challenges, I propose articulations as heuristic.
Articulations are the sense of unity that appears through connecting diverse ele-
ments. They are the point of convergence where loose elements click in and
unite. In this sense, articulations stress that there is no natural belongingness of
elements and coherence is an accomplishment that can take different forms (Hall
1986; Slack and Wise 2005). Connections can always be different, but coherence
makes loose elements into an object that is distinguishably different from others.
The diversity of elements is central to articulations: articulations consider mate-
rial elements to be selected, fitted, and connected to chains of efficacy (Latour
1999), as well as semiotic categories to be stabilized through collecting attribu-
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tions of value, desire, or promise (Haraway 1989). Diverse things are articulated,
when their difference is not contradicting, but when differing characteristics are
aligned and fitted so as to appear and behave as a distinct entity. Articulations
are different from expressions, as they are not concerned with whether or not a
wording matches a state of affairs. Instead, articulations stress how connected
elements resonate, click in, and create sensible efficacy.

Considering articulations as a comparative heuristic allows the pre-setting
of certain theoretical elements that are of significance for the central concerns of
the study. Such elements can serve as comparative issues that allow one to draw
connections between empirical cases as well as move onwards and learn about
theoretical issues concerning technology and novelty (cf. Strathern 1991). These
elements are figures, technicity, and enactments. This is the central triad of this
study, as they are the basic elements that constitute the articulation of technolog-
ical objects. Figures capture the semiotics of stories, imaginaries, and discourses
that narrate the significance of technology (Haraway 1989; Suchman 2007).
Technicity is the technical character that pulls in technical elements to form
causal circularity (Simondon [1958] 2012a). Enactments are the activities of
acting out an object’s character and putting its material capacities into effect
(Rammert 1999; Barad 2007). I regard these three elements as being connected
and as continuously resonating with how an object becomes distinguishable.
However, the central issue is that they connect differently depending on an ob-
ject’s location and temporal state. It is the different articulation of these elements
that I seek to delineate in this study as articulations of novelty.

In the study’s analytical Part II, I infer three articulations by comparing the
becoming of the RBO Hand and Mirage: identity, form, and difference. Each of
these articulations emphasizes another element. /dentity is concerned with how
coherence evolves before an object is technically realized. The articulation con-
nects histories about the RBO Hand’s and Mirage’s origins, figures of robotics
and artificial intelligence, as well as prototypes and the actor’s bodily perfor-
mance of the future object’s characteristics. Form, in contrast, emphasizes how
both objects concretize their technical characters. The technical form connects
the diverse agents of a technical constellation so as to articulate a distinct kind of
physical efficacy. Difference shifts the focus onto the discursive valorization of
the RBO Hand and Mirage. Regarding difference as an articulation places em-
phasis on how selected categories increasingly stabilize as embodiments of an
object’s novelty. These three articulations are conceptual aggregations and not
empirical categories. Each of them tackles a conceptual issue, which allows
intellectual movement away from the specifics of fields and towards better un-
derstanding the tension between individuation and relation in different states of
an object’s becoming.
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The closing Part III of this study begins by jumping back to the initial “sim-
ple, but intriguing similarity.” Based on the empirical analysis in the preceding
chapters, it asks if the technological engagement in science and art and, in particu-
lar, the material tinkering entailed in the RBO Hand’s and Mirage’s production are
not so simple or such singular instances after all. Indeed, a turn toward creating
technical behavior and efficacy, which signify the concepts behind both objects,
might well be understood as an opposing stance that counteracts a cognitivist and
“emptied-out” (Giddens 1990) kind of abstract theory. This turn toward materiali-
ty, effect, and experience signifies a critical engagement with technology, science,
society, and their institutionalized modes of representation. The aesthetic reflexivi-
ty of engaging science, art, and technology is not a singular instance, but can be
identified in other contemporary science and art projects, too (cf. Lash 1993; Lash
and Urry 1994). In this sense, the RBO Hand and Mirage are examples of aesthetic
reflexivity in the diverse articulations of technology, science, and art.

In the remainder of Part I, I will first continue introducing the RBO Hand
and Mirage. Sketching the sampling of both objects entails a prompt to shake of
such taken-for-granted labels as “science” and “art” in favor of being open to
how differently both are articulated in the objects’ becoming. Three theoretical
perspectives for understanding the relation between novelty and technology
follow the empirical introduction: invention, differential pattern, and biograph-
ical passage. These perspectives allow the characterization of the relation of
novelty and technology without falling back on arguments that explain novelty
and technology as field-specific modes of production. Hence, all three perspec-
tives are inevitably abstract so as to allow comparison of novelty and technology
in diverse societal fields. By sketching each perspective’s shortcomings, I pro-
pose understanding novelty as articulation. I sketch the term’s basic implications
before moving on to its three basic elements: figures, technicity, and enactment.
Discussing what this heuristic implicates, and what role abstraction and critique
play, also entails re-stating the general question above: how do technological
objects articulate novelty? This is the central question of this comparative study.
In closing the introduction, I make some methodological remarks on comparison
and, finally, give an overview of the following chapters.

1.1 Introducing the RBO Hand and Mirage

The RBO Hand and Mirage are both complex technological objects. They are
not historical monoliths, but developed within specific social and institutional
settings as well as in a certain historical context. The following introductory
remarks outline these settings and sketch a brief historical trajectory of robotic
hands and media art installations in general.
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1.1.1 The RBO Hand and the Development of Robotic Hands

RBO stands for “Robotics and Biology Laboratory,” which is the name of the
institute of the Technical University Berlin, where the Hand' is being developed
and engineered. The RBO Hand is a current research project at the institute, led
by the director, Professor Dr. Oliver Brock. The institute’s research is not limited
to robotic hands, but is also engaged with several domains of humanoid robotics.
Its research is basic, as it is less concerned with concrete applications of devel-
oped technologies and more with fundamental processes of robotic behavior. In
this regard, the RBO Hand is a contribution to the research field of robotic grasp-
ing, where basic concepts and approaches to the design of robotic hands are
being discussed. The development of the RBO Hand fits into the general frame-
work of the institute, which is concerned with robotic perception, learning, and
manipulation based on a robot’s interaction with the environment. In this sense,
there is a connecting thread between different research projects at the institute,
whose focus is on environmental interaction. Robotics researcher Raphael
Deimel mainly conducts the development and engineering of the RBO Hand.

The Hand’s central characteristic is its material — silicone (Figure I). It does
not have a silicone skin in the sense of an anthropomorphic soft cover. Rather, its
complete mechanical body consists of silicone, which implies its actuators as
well as a contact surface. Silicone is not a common material used for robotic
hands. Usually, robotic hands are made from solid materials that are electronical-
ly steered. Instead, the specific design of the Hand attempts to exploit the soft-
ness and deformability of silicone for robotic grasping. Hence, the Hand’s grasp-
ing is not programmed or steered with sensors, but based on compliance with an
item’s surface. Throughout this study, the RBO Hand appears in very different
material shapes — from a prototypical gripper design to a sophisticated hand-like
form. When readily assembled, the RBO Hand consists of three silicone fingers
and a two-part silicone palm. Each finger has an internal air channel, which is
inflated so as to make it bend. Due to their two-layer design, comprised of one
deformable and one resistant layer, the fingers bend in a directed way so as to
form a closed cage that may capture an item. For grasping experiments, the RBO
Hand is mounted on a standard robotic arm, which drives the Hand into an opti-
mal position for grasping. The opportunity to connect the Hand to a larger stand-
ardized infrastructure allows its development as a standalone research project.

1 I will capitalize the term “hand* throughout this study when I refer to the particular RBO Hand
without adding a signifying prefix.
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Figure 1: The RBO Hand (source, Deimel and Brock 2013).

At first glance, the RBO Hand’s design is distinctively different from what is
commonly expected from a robotic hand. The timeline of modern robotic hands
begins in the 1950s with teleoperated manipulators (Rosheim 1994). A person
remotely controlled these manipulators, which led to their nickname “master-
slave systems.” The development of these grasping machines was driven by their
potential application in industrial settings and as part of technical infrastructures
in scientific laboratories. Their development received a prominent position and
governmental support, as they were often installed to handle radioactive material.
Their master-slave design enabled the laboratory staff to stay away from radia-
tion and use the grippers to handle risky substances. The common gripper design
was based on two parallel jaws that allowed basic grasping functions. For the
development of industrial robots, this design was significant, as it allowed for
dexterous grasping, given the environment was structured and predictable. The
two-jaw gripper design was stabilized early and is still common among today’s
industrial grippers. However, these grippers might perform certain dedicated
tasks well, but fall short in general-purpose applications.
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Figure 2: The Salisbury Hand (source, Rosheim 1994).

An important reference in the history of robotic hands is the Stanford/JLP Hand,
developed by Kenneth Salisbury in the 1980s (Figure 2). Despite its general
significance for robotic grasping, its development entailed aspects that are par-
ticularly important concerning the RBO Hand. In the Springer Handbook of
Robotics, the “Salisbury Hand” is marked as the first robotic hand designed for
dexterous manipulation (Prattichizzo and Trinkle 2008, 671). It allows for a far
broader range of movement than two-jaw gripper designs and does not rely on
teleoperation, as it is equipped with sensors. The hand has three-jointed fingers,
each with three degrees of freedom. Each finger is connected with four Teflon
coated cables that run through special conduits. To reduce the number of compo-
nents, all three fingers are designed modularly. Finger positions are controlled by
information generated by strain gauge sensors and motor position sensors located
behind each proximal joint. The fundamental grasp modeling and analysis done
by Salisbury still provides a basis for the grasp synthesis and dexterous manipu-
lation research that continues today. Besides its technical superiority compared
to previous grippers, the Salisbury Hand has further significance as it is a
standalone robotic hand. Thus, it marks a development towards a research field
focused on grasping without advancing a complete robotic system — robotic
hands have become modular. Furthermore, the Salisbury Hand is able to perform
a wide range of different dexterous grasping without a strictly anthropomorphic
design.



24 1 Novelty and Technological Objects

There are a number of other hands in the young history of robotic hands,
each of which mark a specific point of progress as well as the limits of certain
design approaches. The Hitachi Hand, for instance, was a stepping-stone, as it
used the advantages of a new material: shape-memory alloy. The material “re-
members” its original shape and returns to its pre-deformed shape when heated,
which is a principal similar to the RBO Hand’s exploitation of silicone. Howev-
er, the Hitachi Hand had limits. Like all metal hands that are repeatedly flexed, it
eventually suffered fatigue and grasping failed. A pioneer design in terms of
sensor integration was the Utah/MIT Hand. This hand was developed to perform
research in laboratories on grasping and finger manipulation. It was equipped
with Hall Effect sensors, which vary their output voltage in response to their
position with respect to a magnetic field. These provided information about the
joints’ angles and tendon tension. Positioned in the hand’s wrist and knuckles,
they were able to feedback information about each finger’s position with respect
to the external steering system. The hand consisted of a complex tendon system
in which each finger was driven separately. Its kinematics consisted of 288 pul-
leys, making its calibration a complex task. However, the MIT Hand is supposed
to have dead-ended because of its overly close emulation of nature (Rosheim
1994, 225).

In modern robotics, anthropomorphic design is a contested paradigm. When
robotic hands cooperate with humans or when they are teleoperated by humans like
prosthetic hands, anthropomorphism is a common design objective. In robotics
discourse, another design approach is a minimalist approach, which demonstrates a
preference for the simplest mechanical structure, the minimum number of actua-
tors, the simplest set of sensors, etc. that fulfill the task requirements. (Controzzi,
Cipriani, and Carrozza 2014, 230). For instance, the Salisbury Hand implements
the minimalist approach — it has just three fingers with sensors on the tips. A mod-
ern example of a minimalist design is the SDM (Shape Deposition Manufacturing)
polymer hand, which has been developed as a novel adaptive and compliant grasp-
er that can grasp objects spanning a wide range of sizes, shapes, masses, and posi-
tions using only a single actuator (Dollar and Howe 2010).

This short introduction to robotic hands illustrates that the RBO Hand and
its silicone-based design is distinct from most robotic hands, but also builds upon
pre-existing design approaches. Its development is significantly driven by its
uncommon material, which affords a specific design of fingers, palm, and addi-
tional elements to be used for robotic grasping. Finding the functioning alloca-
tion of elements and concretizing the material components into a working unit is
in the focus of the RBO Hand’s development. Deimel’s design activities and
accounts of his research practice focus on the realization of technical relations
that work and behave in a certain way, rather than being concerned with the
Hand’s outward appearance. Hence, the development of the RBO Hand is signif-
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icantly structured by the silicone’s material characteristics, as there is no blue-
print design that can be used as a template. Surely, the focus on technical rela-
tions in the Hand’s design alone does not constitute its novelty. In this study, I
investigate how the RBO Hand’s existence entails the articulation of symbols,
bodies, and materialities. Nevertheless, the focus on technology is significant for
its sampling, as it allows investigation of how previously unrelated elements gain
coherence, something object-like. This focus on material efficacy, which I ob-
served during my first visits to the RBO Laboratory, also informed the sampling
of my second case.

1.1.2 Mirage and the Advent of Technologies in Art

My second case is a media installation by the artist Ralf Baecker, called Mirage.
Baecker is a freelance artist based in Berlin with an educational background in
computer science. In general, his art is concerned with technology as a medium
as well as a topic. According to his own description, Baecker builds “systems
and machines which explore the poetic potential of technology.”> Most of his
artworks are concerned with a kind of “technological life on its own” and, in this
regard, attempt to render commonly hidden technological processes visible.
Thereby, he combines digital, electronic, and mechanical elements into complex
assemblages that behave in a contingent but technically directed manner. Several
of his works have been internationally recognized, discussed, and awarded by
media art discourse.

For Mirage, Baecker assembled different mechanical and electronic ele-
ments to create a kind of floating movement projected on a wall (Figure 3). In its
finished state, the installation is equipped with a sensor that registers the magnet-
ic field of the Earth. The sensor is sensitive enough to track continuous minor
changes of the Earth’s magnetic field that are dependent on the Earth’s geody-
namics and their interactions with the sun, but remain undetected by human
perception. The sensor’s signals feed into a complex, unsupervised learning
algorithm that calculates a prospective trajectory of the signal. The trajectories
are beyond deterministic human control, as they are based on randomly occur-
ring signal patterns and do not orientate their learning based on pre-defined sys-
tem values. These digital variations translate into analogue signals that actuate
48 muscle wires connected to a thin and flexible mirror sheet. In effect, the sur-
face of the mirror sheet changes according to the translated signals. The continu-
ous movement of the mirror sheet is rendered visible through a thin, horizontal
cross-line laser that is directed onto the mirror surface. Through its flat angle of

2 Baecker’s personal website: http://www.rlfbckr.org/ (last accessed 31% August 2015).
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incidence, the laser touches the mirror sheet slightly and reflects a contingently
moving image onto the opposing wall.

Figure 3: Mirage (source, Ralf Baecker 2014).

Baecker’s descriptions and lectures concerning his artworks often entail refer-
ences to cybernetic machines. The self-regulation and ecological composition of
philosophical machines constructed by early cybernaticians, such as Ross Ash-
by’s Homeostat, are issues that Baecker reiterates through several of his art-
works. The technical composition of Mirage also entails principals of cybernet-
ics, such as its environmental adaptation. Connecting principles of cybernetics
and art is not a novel approach as such and had prominent historical forerunners
in the 1950s and 60s, such as, for instance, Nicolas Schoffer, Gordon Pask, and
Roy Ascott. The exhibition “Cybernetic Serendipity — The Computer and the
Arts,” which took place in London in 1968, was a key event for new artistic
forms that dealt with issues concerning new technologies as well as used tech-
nologies as a medium. As an example, Pask exhibited an installation called 7he
Colloguy of Mobiles (Figure 4), which was a computer-based, reactive learning
system of five mobiles that were hung from the ceiling and reacted to each other
via changes of light and sound (Reichardt 1968, 34-5). Other installations were
concerned with computer graphics or sound compositions that rendered algo-



1.1 Introducing the RBO Hand and Mirage 27

rithmic patterns and gave form to the calculating processes inside, at the time,
such novel and sublime machines. Whereas Pask approached art from a scientific
theory-driven perspective, Ascott appropriated cybernetic principles as an artist.
Ascott was attracted to cybernetics’ general world view, which implied inquiries
into the dynamic and contingent processes of information transfer amongst ma-
chines, flora, fauna, and humans and the alteration of behavior at the system
level (Shanken 2002). In 1968, he proposed a cybernetic stance on art and articu-
lated an emphasis on ambiguity, mutability, feedback, and behavior as paradig-
matic foci of his behaviorist art program (Ascott 1968). Technology played a
vital, but not superior, role in realizing this cybernetic vision. Ascott regarded
technology as a means to enhance human creativity at the individual level, as
well as to enable collaborative interaction between participants from diverse
fields (cf. Shanken 2002). In this regard, the artistic appropriation of cybernetic
principles has a history that implies engagement with technological objects as a
topic and medium for art. Baecker’s artistic technologies re-discover the cyber-
netic principles as the conversion of signals, contingency, and adaptation. How-
ever, this does not imply that Baecker follows an artistic program like that pro-
posed by Ascott. Rather, he shares an interest in the dynamics and contingencies
of systems as addressed by early cybernaticians and now reiterates these in his
art objects, which combine digital, analogue, and mechanical technologies as
both topic and medium.

The larger umbrella category of Baecker’s artworks is media art, which is
less programmatic than cybernetic art and is comprised of artworks that use vari-
ous materials, such as computer graphics, animations, light projections, sound,
robotics hardware, etc., that are not regarded as traditional art forms. A large
share of media artworks not only use new media as expressive means, but are
concerned with issues of new media usage and human-technology relations.
Hence, a self-referential use of media is a signifier of media art that co-develops
with the societal use of technology (Fleischmann and Strauss 2007; Zielinski
2011). This rather broad collective topic shared by media artworks makes trajec-
tories in the field difficult, as they could begin in several different related do-
mains, such as experimental film, kinetic art, or early computer art. Nevertheless,
the issues that Baecker addresses through his artworks are within the scope of the
thematic range of media art because they are concerned with self-referential
renderings of technological processes; that is not to say, they are typical media
artworks, as they are not much concerned with human-media relations.
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Figure 4: Gordon Pask’s The Colloquy of Mobiles (source, Cybernetic
Serendipity, ICA London, 1968).
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Aside from this thematic labeling of Baecker’s art, there are certain artworks that
share some of Mirage’s technical elements. For instance, The Senester, by Ihna-
towicz, is a robotic sculpture equipped with sensors, similarly to Mirage, in order
to react to changes in its environment. The sculpture is large — approximately 5 x
2.4 meters — and has an animal-like appearance. It is equipped with microphones
that allow the sculpture to move its head in the direction of a sound source. Fur-
thermore, it has two Doppler radar units, which sense people’s movements and,
hence, allow immediate interaction. For the design and engineering, Ihnatowicz
was able to use technical resources from Philips’ development laboratories,
which made The Senester not only a sophisticated piece of art, but also a state-
of-the-art technological object (Zivanovic 2005). Several media artists have
already used laser technology, which is another of Mirage’s main technical ele-
ments. Among them is media art pioneer Nam Jun Paik, who used laser projec-
tion for a spatial installation called Baroque Laser, which he installed in a ba-
roque church near Miinster, Germany in 1995. The installation combined laser
and video technologies, whereas much of the sculptural quality of laser projec-
tion was achieved through its maneuverability via mirrors, enabling a “kaleido-
scopic orchestration of the space.” Ihnatowicz’s and Paik’s appropriation of new
technologies is not atypical for pioneering media art, which often entails experi-
mental implementations of state-of-the-art technologies.

In this regard, Baecker’s artworks and Mirage in particular combine differ-
ent topics and technologies that are not mainstream in media art, but that still
have certain forerunners. Baecker’s topic is the hidden processes that make tech-
nologies work, but which are concealed in everyday life practice, like algorithms
or the self-adaptability of technical systems. Similarly to Thnatowicz and Paik,
this topic makes the usage of sophisticated technologies a natural choice, and
implies much experimenting and tinkering in Baecker’s artistic practice so as to
integrate algorithms, sensors, mechanical elements, etc. into functioning tech-
nical assemblages. As I observed in early visits to his studio, his work is much
concerned with the entailed and simple problem: making things work and creat-
ing a technically functioning unit. In this regard, Baecker’s artworks not only
need to work as artworks, but they need to work as technological objects. For
Mirage, this means the artwork is not only the laser image produced, but also the
way the image is generated as a product of contingently adaptive technical rela-
tions.

3 Rudolf Frieling’s description of Paik’s artwork on MediaArtNet: http://www.medienkunst
netz.de/werke/baroque-laser/ (last accessed September 3, 2015).
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1.2 Study Design I: Shaking off Taken-for-Granted Labels

In order to introduce the RBO Hand and Mirage, 1 did something typical for
studying the novelty of a particular object: I sketched how much both objects
relate to and differ from other objects of that particular category. In these cases,
such taken-for-granted categories are (among others) “scientific object” and “art
object.” By fixating on these categories a priori, one can study which elements
are reiterating pre-existing issues and what goes beyond the state-of-the-art of a
particular field. However, for this study, I will no longer follow such argumenta-
tion. It is not my aim to discuss whether the RBO Hand means true progress for
robotic grasping, or if Mirage embodies a new art form. I will leave this discus-
sion to the actors in the field and their discourses. Instead, I want to begin this
study by shaking off the most obvious labels of “science” and “art” and focus on
the similarities of both cases, which is their distinctive concern with materiality
as part of technically complex constellations. Focusing on similarities allows one
to study how their technical characters shape the geneses of both objects and,
furthermore, how novelty is a temporal product that might occur very differently
across varying situations but that shares similarities across presumably rather
distant cases. This is not to say that history does not matter. On the contrary, it
means opening up the study design to how differently material and semiotic
resources are enacted and what parts of particular histories are selected so as to
give meaning to an object. Labels like “science” and “art” are not a priori cate-
gories in this regard, but are actively produced distinctions. How distinctions and
unity are produced is the subject matter of this study.

But what do I mean by stressing the similarity of both objects’ geneses
within technically complex constellations? It means their engineering requires
advanced technical knowledge and a specific material infrastructure to build
them. In both cases, technical knowledge is required, for instance, for program-
ming and electrical engineering — not only to build the technical body of both
objects, but also to work with the infrastructural setting of both objects. These
settings include scientific robotics hardware as well as digital technologies for
operating hardware components in the studio. Furthermore, both objects’ com-
plexity entails opacity, which makes the exact principles of their inner workings
not only hidden from the lay spectator, but from all actors involved. Surely, the
RBO Hand is a minimalist approach to robotic design, and its hardware compo-
nents are also very visible, but this does not mean the Hand’s behavior can be
modeled in advance. On the contrary, the characteristics of the silicone exceed
precise control, and their integration requires explorative tinkering that orientates
towards behavior and not modeling. For Mirage, this is similar since the assem-
blage of its plentiful hardware components requires explorative tinkering prac-
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tices, over the course of which complexity and contingent behavior increases.
These characteristics foster what I have already mentioned: the epistemic and
artistic practices focus on the technical character of both objects and realization
of a technically functioning unit. These similarities have informed this sampling
and made the RBO Hand and Mirage sensible choices for studying the relation
of novelty and technological objects.

Furthermore, choosing a comparative study design of only two cases allows
analysis of novelty in differing modes — that is, how novelty is conveyed differ-
ently depending on an object’s temporal state and the situation of its enactment.
Hence, over the course of approximately two years, I encountered both objects’
developments through various situations. In a broad sense, I created ethnogra-
phies with additional sources: I visited experiments in the studio and laboratory,
followed mundane tinkering practices, recurrently conducted interviews, went to
robotics conferences and art exhibitions, and analyzed how the RBO Hand and
Mirage have been cited, awarded, documented, and discussed by international
robotics and media art discourses.! Nevertheless, this study does not describe a
trajectory of both objects’ design phases from first scribble to prototype. Certain-
ly, it beholds a temporal trajectory, but the study’s focus is on how novelty ap-
pears in the specific situations of both objects’ becoming. For this focus, it is less
important if, for example, one actor built one prototype and the other three. What
is important is rather how prototypes assemble previously unrelated elements
and how differently actors enact that prototype as new. The depth of data allows
the sketching of how actors select and assemble various semiotic and material
resources depending on whether a sketch, prototype, working material unit, or
research paper embodies an object’s novelty. Characterizing the sense of coher-
ence and difference that occurs in those various situations is the matter of this
study.

1.3 Theoretical Perspectives: Invention, Differential Pattern, or
Biographical Passage

In a general sense, there is a vast amount of literature dealing with the relation of
novelty and technology. Some of that literature considers novelty or newness
explicitly as a conceptual category, whereas other strands express its occurrence
using different terminology. The choice of literature, which I discuss in the fol-
lowing section, is based on two criteria: Firstly, relevant approaches need to
capture practices of how novel objects come into being. Secondly, relevant ap-

4 See Appendix for a timeline of events and data collection.
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proaches should entail lessons learned at an abstract level that allow comparison
between science and art. This should allow one to learn something about novelty
and technological objects beyond production modes that are limited to a particu-
lar field. In the following, I will distinguish between three perspectives that meet
these criteria but still approach the relation between novelty and technological
objects differently.” The perspectives are novelty as invention, as differential
pattern, and as biographical passage. In order to illustrate differences between
these perspectives, I will draw on Leonardo da Vinci’s work as an artist and
engineer as an example.

1.3.1 Novelty as Invention

Novelty as invention is a perspective that focuses on the achievements of engi-
neering new technical devices. In its colloquial sense, it is much related to the
figure of the inventor, whose ingenuity is the source of the technological objects
that are regarded as ahead of their time in historical retrospection. Biographical
accounts of Leonardo da Vinci’s life work are a pivotal example of this. These
popular accounts commonly acknowledge his achievements as artist, philoso-
pher, and inventive engineer whose works continuously exceeded the means of
its times (i.e. Bortolon 1965; Gibbs-Smith 1978). His paintings are world famous
and were regarded as exceptional artworks during his lifetime. Da Vinci was not
only original in terms of staging Christian figures like John the Baptist, who he
painted smiling and with one finger pointing upwards, but he was also original in
his painting techniques. For instance, he developed the chiaroscuro technique,
which became quintessential to the dark-light effects of Renaissance paintings
(Bortolon 1965). Despite his famous paintings, biographical accounts refer to his
creativity as an inventor of technical devices. In contrast to his paintings, da
Vinci was only able to realize a few of them, as most preceded the technical
means of their time. His sketches document his talent for imagining apparatuses
and are not only drawings of fantastic machines but entail detailed explanations

5 A different discussion of literature could distinguish, for instance, between disciplines like the
sociological versus the anthropological perspective. However, disciplinary provenience does
not necessarily entail that perspectives meet the criteria mentioned above. Hence, it is sensible
to typify perspectives based on specific criteria as to discuss different approaches concerning a
shared problem. Assuming unity among literature of a certain label is also misleading concern-
ing the problem discussed here, because many approaches lie across disciplines like, for in-
stance, Igor Kopytoff’s approach that combines anthropological and Marxist notions but still
became paradigmatic for studies on biographical passages. Nevertheless, the subsequent text
flags out disciplinary origins wherever this clarifies the argument, but does not take discipli-
nary provenience as starting point nor as result of discussing theories.
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of their inner workings. Nevertheless, it was both creative talent that pushed da
Vinci to plan a wide range of technical applications and the necessity stemming
from his assignments as technical engineer in times when Italian principalities
spent most of their money on war machinery. In his drawings, da Vinci drafted
aeronautic machines that resembled the flight of birds and sketched rotor devices
that pre-empted modern helicopter technologies. Not all of his inventions were
solitary creations of his mind; for instance, his draft of a parachute picks up ideas
from his contemporaries and improves upon detailed aspects of these (White
1968). Whereas some of his technical sketches were actually engineered and
tested and led to plenty of injured test people, others were only realized hundreds
of years later and proved to be perfectly practicable technologies, like his draft of
a diving suite (Gibbs-Smith 1978, 76-7).

The colloquial understanding of the invention as a novel technical device
created by an ingenious inventor is somewhat reiterated and somewhat decon-
structed in classical texts on the sociology of innovation and related disciplines.
These classics usually regard invention as a primary phase in innovation cycles
or path models. Whereas diffusion characterizes innovation, invention is a pre-
ceding activity that regards ideas, experiments, tests, plans, etc. — all those activi-
ties wherein material and organizational environments are unstable. As such,
inventions are not a central concern of economic studies of innovation. Joseph A.
Schumpeter, for instance, who introduced the distinction between invention and
innovation, treats invention rather randomly so as to distinguish it from the eco-
nomically more potent innovation. For him, innovation is the implementation of
new practices and technologies, whereas inventions remain ideas or plans and are
thus of no importance for economic analysis. This separation was defended by
Schumpeter quite ambitiously, and he stressed that, whether inventions emerge
autonomously and without any practical need or they respond to a given business
situation, still, “the making of the invention and the carrying out of the corre-
sponding innovation are two entirely different things” (Schumpeter 1939, 80-1).
However, he acknowledged that the question of whether “necessity is the mother
of invention” is difficult to answer, and disciplines other than economics might
respond to it differently.

With that statement®, Schumpeter passed the ball to sociology, which may
study the relation of inventive action and technical progress differently. From a
sociological perspective, William F. Ogburn was one of the first authors dealing
with technical progress, its social causes, and its impacts. Building upon Marx,
his famous “cultural lag” hypothesis regards invention as the prime mover of
history. That is, technological progress usually advances cultural progress, and

6 That statement can be found in a footnote of his (Schumpeter 1939: 81, footnote 25), and
Schumpeter further refers to S. Colum Gilfillan.



34 1 Novelty and Technological Objects

the social world may only adapt to the faster and farther moving technical inven-
tions that are considered to move autonomously and spontaneously (Ogburn
1964).” In this sense, Ogburn regarded inventions as a force of history that stimu-
lates human activity. He defined them as “a combination of existing and known
elements of culture, material and/or non-material, or a modification of one to
form a new one” (Ogburn 1964, 23). He continued and stated that inventions are
the evidence upon which we base our observations of social evolution.® In so
doing, Ogburn assigned inventions a crucial position in his theory of social
change and hence attempted to capture how they come about. For Ogburn, in-
ventions result from three factors: mental ability, demand, and the existence of
cultural elements that are combined and formed. Ogburn regarded mental ability
as an individual capacity, in the sense of ingenuity, as well as the capability to
learn within a social collective. Existing demands do not cause all inventions;
they may also be accidental. However, demand directs the learning process, as
the use of an invention implies demand. The third factor is related to accumula-
tion, which occurs when activity adds more new elements to the cultural base
than are lost (Ogburn 1964, 23-4).

S. Colum Gilfillan continued with Ogburn’s account of social evolution
and, in particular, advanced the notion of invention. In his book The Sociology of
Invention, Gilfillan attempted to capture the nature of inventions as well as its
fostering factors and effects. In so doing, he continued the evolution analogy.
Similarly to Ogburn, he characterized invention as a “perpetual secretion of little
details” having “neither beginning, completion nor definable limits” (Gilfillan
1935, 5). This places emphasis on mutation and variation that continues through
time in reciprocal dependence on its environment. In this regard, an invention is
a complex of diverse elements, such as a design for a physical object, the process
of working with it, and the necessary financial and scientific elements, as well as
the anticipated infrastructure of its existence (Gilfillan 1935, 5). He exemplified
this account in his case study of the invention of the ship. Whereas Ogburn rather
carefully deconstructed the genius figure, Gilfillan was more explicit in doing so
and stressed that it is a matter of historical writing to attribute someone an ex-
traordinary status. In particular, the Renaissance began to accredit new technolo-
gies to single inventors, which increased the social reputation of figures like da

7 The cultural lag hypothesis as well as the following account of invention were first released by
Ogburn in 1922 in his book Social Change with Respect to Culture and Original Nature. 1 cite
a book of selected papers called On Culture and Social Change, which was published in 1964.

8 Ogburn is an author continuing and advancing evolutionary theories of social change. In this
regard, his terminology, like “observing evidence,” is not arbitrary and continues in conceptual
accounts of “selection” and “adjustment.” In a footnote, he regards “mutation” as the evolu-
tionary pendant to invention in the sense of “a new variation that is inherited.” In so doing, he
understands invention as the primary force of social evolution.
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Vinci (Schmidtchen 1997). Certainly, Gilfillan admitted, there were great men
who were the first to add a fourth mast to their sailing vessels or who ambitious-
ly employed the application of steam engines to boats. However, their role is
rather a matter of possessing knowledge resources, concentration of attention,
and motive for action, and less a matter of exceptional mental capacities
(Gilfillan 1935, 71-91). Hence, inventions are new combinations that occur in a
stream of variations (“evolution”) and less in a series of creations. Later, Gilfil-
lan clarified in response to critics of the cultural lag hypothesis: the sociology of
technical progress does not regard technology as having determined consequenc-
es in society. Rather, he stresses, the question of whether invention is the prime
cause of social change has no answer, since invention as cause is inseparably
linked with invention as effect. Causes and effects are inextricably bound up in
inventions (Gilfillan 1952, 198).

Historian of technology Thomas P. Hughes reiterated the evolution analogy
introduced by Ogburn and Gilfillan, but re-defined the position of the inventor
figure. Hughes understood invention as a primary phase within the evolution of
large technological systems. In contrast to Schumpeter, Hughes did not under-
stand invention as a subordinate phase, wherein the real action takes place later
through the diffusion of an innovation, but acknowledged the strategic foresight
under uncertain circumstances that characterizes the inventive action of “system
builders” (Hughes 1987). In his concept of evolutionary patterns in the genesis of
large technological systems, Hughes distinguished between four activities that
each dominate specific evolutionary phases: invention, development, innovation,
and technology transfer (Hughes 1987, 56ff.). Invention and development relate
to novelty, whereas the latter phases emphasize diffusion. Hughes’ story of in-
vention is somewhat a story of heroes, in the sense of men who followed and
realized an inventive idea even though their success was far from certain. He
distinguishes between conservative and radical inventions. Inventions can be
conservative if they improve or expand existing systems, or radical if they do not
become components of existing systems but rather inaugurate a new system
(Hughes 1987, 57-8). Furthermore, Hughes separated independent inventors
from those with professional backgrounds by stressing their choice of problems.
Whereas the latter tackle pre-defined problems, the former have the ability to
identify problems of larger scope, albeit with less financial support. Alexander
Graham Bell, for instance, was an independent inventor who was able to connect
his experience as a speech therapist with the technological developments of his
time concerning signal transmission. This way, he was able to identify problems
of large scope by making a connection within and across specific contexts. Dur-
ing what Hughes regarded as the development phase, the social construction of
technology becomes clear (Hughes 1987, 62). Not only are professional inven-
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tors embedded in an organization, but independent inventors are also in dialogue
with an inventive community. The development phase is when a simple idea that
works well as an invention in the mind of its inventor changes into a system that
can function in an environment permeated by various factors and forces. It is the
time when inventors construct technical experiments and tests, in the sense of
artificial environments that successively become more complex and real-world-
like (Hughes 1987, 63). Hughes’ detailed and analytical historical account sheds
light on the contingencies in the development of large technological systems,
which were recognized later on as great technical achievements, while equally
identifying patterns that continue in different developments. The figure of the
inventive entrepreneur, who pushes through his inventive ideas despite all doubt,
drives Hughes’ account. Novelty, in this regard, is the radical invention in the
mind of the inventor. All subsequent phases are a matter of stabilizing the in-
ventive intent.

Similarly to Hughes, Lynn White Jr. sketched the heterogeneity of the caus-
al relationships that signify historical inventions. His historical examples stress
the embeddedness of technological creativity and the contingencies of transfer-
ring ideas (White 1962). The historical diffusion of technologies may behold
delays caused by societal or geographical barriers, or it may be accelerated by
certain key events that spread an idea. For instance, the crank is a very simple
idea that first appeared in the Han dynasty as a means of winnowing husked rice,
whereas an identical apparatus found in the 18th century in Austria revolution-
ized European mechanics. Lynn’s point is that patterns of diffusion tell only a
little about a technology’s inventive context (White 1962, 492).

These economic and sociological perspectives on novelty as invention entail
several remarks, which I would like to sum up in dialogue with the introductory
example of Leonardo da Vinci. Clearly, Schumpeter would not have paid much
intention to da Vinci’s technical drawings. Instead, he would have stressed the
innovative effect of da Vinci’s drawing technique, which diffused and sustainably
altered the method of Renaissance painting. The parachute and helicopter draw-
ings, as well as the prototypical flying machines, would have been labeled by
Schumpeter as inventions and, hence, as ideas of no economic efficacy. Ogburn
would probably have reacted differently and taken da Vinci’s technical drawings
as evidence that technical progress is always ahead of its cultural environment. In
companionship with Gilfillan, he would have stressed that da Vinci’s inventions
are continuous alterations of objects that he picked up from his environment and
re-combined in a technical draft. From their perspective, his drawings are evi-
dence of a societal evolution rather than of an individual ingenuity. Hughes’ work
corresponds with the evolutionary perspective, but still acknowledges da Vinci as
an extraordinarily radical inventor. In Hughes’ view, da Vinci’s technical draw-
ings behold radical inventions, as his drafts did not become part of existing sys-
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tems, but would go on to inaugurate new systems, even if they were only realized
hundreds of years later. In this respect, Lynn could prove his point and explain
that, retrospectively, people attribute the invention of the parachute to da Vinci,
but the invention relates to the Renaissance’s fascination with flying.

In this respect, these studies hold important lessons in terms of the historical
conditions and effects of inventions. However, they have limited scope and may
not account for practices that enact objects as novelty. This perspective’s only
means is to retrospectively account for an invention’s trajectory. Situational
practices, like material or communicative interactions concerned with construct-
ing something coherent, exceed the perspective’s scope, because it limits an
object’s existence to its technical documentation. In terms of my example, the
cited scholars leave open the questions of what role the playful abstractness of
drawings played in da Vinci’s epistemic practices, how he interacted with nature
so as to translate particular characteristics of birds into flying apparatuses for
humans, and how he used his body or other situational resources at hand to pre-
sent his work as extraordinary invention. However, these diverse elements are
crucial to delineating how novelty becomes part of a shared reality despite an
object’s technical documentation.

1.3.2 Novelty as Differential Pattern

The second perspective treats novelty as a differential pattern occurring in epis-
temic practice. In particular, it signifies the social theories of American pragma-
tism as well as science and technology studies. Both strands share a focus on
interactions and interdependencies between the material resistances of the world
and the image humans construct of the world. I will return to my example of
Leonardo da Vinci to illustrate differences from novelty as invention.

According to American pragmatism, practical consequences, efficacy, and
the bodily experience of interacting with the world constitute meaning-making.
This perspective, shared by scholars from the Chicago School as well as their
forerunners Charles S. Peirce and William James, not only signifies the constitu-
tion of the human self and society (Mead [1934] 1967), but also the experiential
inquiry into the world in science and art (Dewey 1938; Dewey [1934] 1980).
John Dewey understood inquiry as “the controlled or directed transformation of
an indeterminate situation into one that is so determinate in its constituent dis-
tinctions and relations as to convert the elements of the original situation into a
unified whole” (Dewey 1938, 104-5). In this sense, disturbing, troubling, ambig-
uous, confusing, conflicting, or obscuring situations are transformed into deter-
minate and unified situations through an interactional response that takes all
previous situations and their similarities into account (Dewey 1938, 105ff.). With
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this understanding, Dewey focused on the interactional transformation of loose
elements into problematic objects, which makes them the matter of investigation.
For Dewey, inquiry goes beyond scientific procedures, but regards the social
nature of apprehending the world.

At a societal level, Helga Nowotny described this apprehending of the world
as driven by an “insatiable curiosity” that drives the continuous quest for novelty.
This striving for newness is not limited to a specific field but lies across art, econ-
omy, and science as a cultural phenomenon fueled by the ability to imagine the
future. Nowotny regards our curiosity as insatiable, “first, because the space of
possibilities and reality that is to be explored still approaches infinity; and second,
because more and more means and instruments [...] are at our disposal to expand
the space of our experience” (Nowotny 2008, 3). In her account, the new appears
in two variants: firstly, as a recombination of pre-existing and known elements or,
secondly, as a break that underscores the contrasts with that which already exists
(Nowotny 2008, 11). Nowotny does not explicitly draw on pragmatist theory, but
she has illustrated how Dewey’s thinking can be comprehended at a societal level,
too — as an insatiable fascination with endeavoring towards the new.

On a micro level, Werner Rammert picked up Dewey’s inquiry pattern and
advanced it toward a learning concept of “experimental interactivity.” He regards
experimental interactivity as a learning process, characterized, on the one hand,
by increasing control over objects and, on the other hand, by enhancing meaning
that is culturally situated. According to Rammert, through the circularity of in-
teraction, events are translated into objects and meaning is produced as a catego-
ry of material behavior (Rammert 1999). Meaning is a translation of differential
patterns into objects in light of culturally and biographically framed situations.
Coming from a gender- and Foucault-inspired discussion, Karen Barad reiterated
this concern of linking matter and meaning in her agential realism. Barad has
urged that there is not matter without meaning, as both always co-produce
through “intra_actions.” In her account, meaning is not an ex-post construction,
but is already inscribed in experimental settings whose technologies produce
boundaries that render novel entities (Barad 2007, 175).

“The Mangle of Practice” is a concept proposed by Andrew Pickering, who
has referred to its pragmatist foundations explicitly and, in this vein, focuses on
the circularity of resistant events. Pickering has proposed a performative under-
standing of science instead of regarding scientific knowledge as representations
of nature. Hence, he wants to capture how science produces knowledge in real-
time and not what counts as scientific discovery retrospectively. His pivotal
concern has been material agency and how its resistance affects the production of
new knowledge, which Pickering does not regard as determined a priori but as
emerging through interaction. In a “dance of agency,” human and non-human
entities approach each other and enter a dialectic of resistance and accommoda-
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tion. Whereas resistance is the failure to capture agency in practice, accommoda-
tions are active human strategies that respond to that resistance. These strategies
can be rather different: they may seek to integrate the experienced resistance into
concepts, they may lead to changing goals and intentions, or they may motivate a
change in the material setting of experiments and tune technical apparatuses and
instruments (Pickering 1995, 22). In Pickering’s understanding of scientific prac-
tice, experimental results are not passive discoveries, but are produced through
continuous chains of interactions that trigger differential patterns. In so doing, he
not only refers to the knowledge produced as novelty, but also the form it enters.

The pragmatist understanding of novelty sheds a different light on my ex-
ample of da Vinci’s epistemic practice. Instead of regarding him as an ingenious
inventor as in biographical accounts (which I have already deconstructed with
the help of evolutionary approaches to invention), now, through pragmatist
glasses, his experimental practice comes into focus. Wolfgang Krohn gave an
account of the Renaissance and “novel” science in this regard. He stressed that
da Vinci understood the experimental method as the only method that may pro-
liferate approved empirical knowledge. This is shown in the notes that accompa-
nied his technical drawings, which give detailed accounts of experimental setups,
like those for testing the load capacity of artificial wings. These documents show
how knowledge of nature and technical knowledge are interrelated in da Vinci’s
practice and, to Krohn, how the controlled construction and observation of
events became his primary epistemic method (Krohn 1977, 77-8).

Experimental setups are also in the focus of the empirically orientated labora-
tory studies, which similarly aim at deconstructing scientific knowledge as a repre-
sentation of nature. Laboratory studies claim that scientific objects do not already
exist as entities in nature that are then passively discovered by scientists, but in-
stead are actively constructed in the alliances between scientists, epistemic cul-
tures, instruments, infrastructure, discourses, and organisms under investigation
(cf. Callon 1986; Latour and Woolgar 1986; Latour 1987; Knorr-Cetina 1980;
Knorr-Cetina 2000; Rheinberger 1992; Collins 1982; Pickering 1995; Barad 2007).
Bruno Latour and Steve Woolgar emphasized in this regard that they do not con-
ceive of scientists’ activities “as pulling back the curtain on pregiven, but hitherto
concealed, truths” (Latour and Woolgar 1986, 129). Rather, the dirty work of sci-
entific practice constructs objects; it assembles and re-arranges elements to pro-
duce the entity under investigation. According to their study on the peptide TRF
(H), Latour and Woolgar claim that the difference between expected and unex-
pected signals constructs new objects. Differences such as those between two
graphs become an object through the accumulation of technology that stabilizes
previously random patterns. If scientific technologies identify distinction and re-
produce it, they stabilize substances, organisms, particles, etc. as stable, distinct,
and new. Infrastructures, discourses, and scientific labor are all inscribed in the
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differential patterns that they produce and that they translate into novel objects. In
this respect, laboratory studies deconstruct the border between the world and dis-
course, nature and technology, and subjects and objects by stressing continuous,
step-by-step translations that constitute the existence of entities as objects.

The enactment of boundaries between technical instruments and objects under
investigation is also the focus of Hans-Jorg Rheinberger’s experimental systems.
For Rheinberger, experimental systems are the basic unit from which experimental
reasoning proceeds. They constitute scientific objects within specific technical
conditions. Experimental systems must be capable of differential reproduction,
which means the repetitive production of things that go beyond our present
knowledge — “that is to behave as a ‘generator of surprises’ (Rheinberger 1992,
307). In that sense, productivity means, for experimental systems, generating re-
producible differences that are not so much answers, but foremost materialized
questions. Rheinberger distinguishes between two inseparable structures or com-
ponents within experimental systems: epistemic and technological objects. Epis-
temic objects are the entities under investigation. They cannot be fixed from the
beginning and present themselves in a irreducible vagueness, as “one does not
exactly know what one is looking for” (Rheinberger 1992, 310). In contrast, tech-
nological objects are the stable elements in experimental systems. They make up
the infrastructure that needs to work in a determined and predictable manner. The
crucial note in Rheinberger’s concept is the relation between epistemic and techno-
logical objects, which is not a material one, but a functional one. Hence, both ob-
ject types do not describe fixed or well-defined parts of a system, but change their
boundaries depending on their enactment within knowledge activities. This in-
cludes the tuning of technical instruments as one part of scientific work that is not
acknowledged through scientific reputation but, nevertheless, requires sophisticat-
ed knowledge activities, as Harry Collins outlines in his study on experimental
physics (Collins 1982). Novelty, in this regard, is the outcome of experimental
systems — the differential pattern produced through technical structures and trans-
lated into graphs, equations, or other representations.

Approaches that are more recent show that not only are differential patterns
technically produced, but bodily interactions also co-produce epistemic objects.
In these studies, bodies are more than a means to enact human agency. Instead,
they become epistemic instruments through which a scientist engages with an
object under investigation. In this regard, Morana Alac has spoken of “bodies-in-
interaction” as the interactional articulation of bodies in situated epistemic prac-
tice. She has observed, within the practice of robot researchers, that it is not only
mimicry when scientists act as if they were a humanoid robot; the scientist’s
body materially informs and guides programming and is employed as instrument
and model for engineering the robot. In practice, the practitioner’s body aims at
“becoming a general type of the human body” as it is displayed to be collectively
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observed in the shared environment of the robot laboratory (Alac 2009, 520-1).
This bodily simulation is a distinctive form of enacting epistemic objects that
have not yet materialized but are referenced in communicative situations. Nata-
sha Myers has called such body-work “embodied imagination” (Myers 2008,
165). In her study on protein modeling, she argued that material and mental
models are not dualistic, but deeply entwined. Through embodied imagination,
researchers incorporate the inner structures of models and enact these as epistem-
ic objects. They use their bodies to make graphical objects tangible, and they
employ gestures and movements in communication with novices in order to flesh
out and relay their knowledge about otherwise only virtual objects (Myers 2008,
180). These studies show how novel objects are situatively rendered through
such diverse realms as technological artifacts, symbols, and bodies.

Approaches used by laboratory studies raise certain skepticism concerning my
example of da Vinci and the historical sources one has to rely on. Their real-time
ethnographies deconstruct the superior position of the scientist and show how
heterogeneous elements connect at the micro-level and how humans and non-
human agents take part in constructing novel objects. Figures like the inventor and
approaches that single out human capacities for proliferating the new do not seem
appropriate in this light, as they do not acknowledge the contingency of practice
and the networks of human and non-human alliances that form new objects. Never-
theless, laboratory studies also urge us to look at places, and, in so doing, they
bring the Renaissance workshop into focus. The workshops of the Renaissance
were run by artists and craftsmen and, hence, were places of collective material
labor. Although there is not much knowledge about da Vinci’s workshop, as he
worked in many different places, he still needed very distinct facilities for his prac-
tice — for example, facilities for conducting studies on the anatomy of the human
body. He dissected many human bodies and drew very detailed studies of muscles,
organs, and even the first drawing of an embryo in the mother’s womb. Certainly,
there is no way to find out the details of his practice, but, from the laboratory stud-
ies perspective, the practical labor of dissecting a body and its translation into an
anatomical drawing becomes significant, because the rendering translates the body
into an object that can be related to other objects. As such, the drawing creates an
image of the general human body, not just one of the specific dead bodies on da
Vinci’s table. Furthermore, the drawing may be related to other anatomical draw-
ings that came before. In this respect, difference is enacted through relating render-
ings of the world that are co-constructed in alliances between humans, discursive
technologies like drawings, and the material world. In Latour’s words, and from a
laboratory studies’ perspective, an inquiry into novelty would follow the drawing
and not the biography of a human inventor.

To sum up, American pragmatism and laboratory studies argue in very simi-
lar ways concerning the relation between novelty and technological objects.
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They focus on immediate interactions and are particularly concerned with their
material and bodily dimensions. This does not mean they put meaning aside.
Rather, both consider meaning as a matter of accommodating material behavior
and translating experimental events into objects. This crucially implies changing
object statuses. An object is not a fixed entity, but requires continuous effort so
as to be stabilized as a new object. The role of technology is fluid in this respect.
Epistemic and technological objects may change their statuses depending on
their functional enactment in experimental settings. Hence, technologies are not
mere means to render a new object visible, but are always inscribed in what the
scientific object actually is. Separating an object from its constitutive infrastruc-
ture is then an agential cut that makes entities become visible as objects. Such
cuts may lead to translating differential patterns into subsequent objects, like
graphs, curves, technical renderings, etc., or to disciplined and law-like function-
alities, such as a new technical capacity. In this regard, technology relates to
novelty as material resistance and the infrastructural trigger of differential pat-
terns, as well as a substrate that renders differential patterns visible.

However, the perspective is limited by its narrow focus on experimental
practice. In particular, how long-term semiotic structures interweave with mate-
rial practice is not in the scope of laboratory studies. In my da Vinci example,
this is, for instance, how previous stylistic eras, like Gothic art, structure the
specific difference of style in da Vinci’s Renaissance paintings, or how da Vin-
ci’s portraits of saints reiterate as well as slightly modify traditional Christian
figures. All this conceals the focus on the patterns that emerge through small-
scale interactions. Despite considering discourses as inscribed in technical set-
tings, there is no conceptual space for the inclusion of stories, imaginaries, fig-
ures, symbols, or visual codes in the enactment of novelty.

1.3.3 Novelty as Biographical Passage

A different way to address the relation between novelty and technological ob-
jects is offered by biographical passages. I use “biographical passage” as a label
to summarize approaches that investigate the long-term processes of the collec-
tive and individual meaning-making of objects. In Arjun Appadurai’s words, it is
about the “social life of things” and their journeys through different contextual-
ization and valorization (Appadurai 1986). The biography metaphor is used wi-
dely in this respect (Kopytoff 1986; Daston 2000; Dant 2001; Hoskins 2006). In
anthropology, there is a certain tradition for the biographical studies of things,
stemming from the influential work of Marcel Mauss and his cultural studies of
gift exchange (Mauss 1966).
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Coming from this tradition, Igor Kopytoff spoke of the “cultural biography
of things” in order to address how objects receive and change their values
through market exchange (Kopytoff 1986). He conceptualized two basic mecha-
nisms: commoditization and singularization. Commoditization is to attribute
things a specific exchange value in order to enter market relations. In this pro-
cess, things are decoupled from the labor of their production and enter new rela-
tions with other things, whose value is determined through market relations (cf.
Marx 1976). This process creates homogeneity among things with previously
complex natural origins. Singularization, in contrast, makes things special,
unique, and shine out of the standardized sphere of commodity exchange. For
Kopytoff, culture ensures that some things remain unambiguously singular and
resist commoditization, or, respectively, are re-singularized through changing
cultural contexts (Kopytoff 1986, 73). Singularization of the latter kind is valori-
zation that is not based on fiscal value, but on cultural forms of symbolic value.
This is when social values, such as moral standards, cultural heritage, or original-
ity, are ascribed to the object. In certain societies, manioc is one such example,
as it has the material form and availability of a regular market commodity, but is
kept from fiscal exchange due to its sacral value. From Kopytoff’s perspective,
novelty is a matter of singularizing an object. It is not so much resisting com-
moditization, which Kopytoff regarded as a matter of power, but more the as-
cription of a unique value that separates a new object from a profane object.” For
such attribution, novelty must be somewhat represented in the value sphere of a
specific societal field as originality in science (cf. Polanyi 1962) or aesthetic
affect in art (cf. Reckwitz 2012).

Lorraine Daston picked up the biography metaphor, too, and used it to cap-
ture how scientific objects come into being (Daston 2000). She re-ordered the
essays of her edited volume regarding four modes of the becoming of scientific
objects: salience, emergence, productivity, and embeddedness. Although Daston
has used the biography metaphor explicitly, she has not conceptually related the
four modes to a sociological understanding of biographies. Nevertheless, sali-
ence and embeddedness make a point in terms of biographical novelty, as they
refer to collective meaning-making. Daston has written that salience is not so
much about absolute novelty, but more about the historical increase in attention

9 Tim Dant has discussed Kopytoff’s use of the biography method and has made a reflexive
argument concerning the engagement of the social sciences with objects. He has argued that
objects do not have to be identified as singularized in terms of their exchange or ritual value,
but the task involves taking a particular object and making it singular through the process of
writing (Dant 2001: 11). In contrast to Kopytoff, Dant singularizes profane objects and writes
biographies about their embeddedness in a specific social world. Nevertheless, Dant does not
entail remarks on an object’s cultural novelty; rather, they inform methodological appropria-
tions of object biographies.
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paid to particular objects. This implies the multifarious ways in which previously
profane objects are transformed in their meaning and become objects of scien-
tific inquiry (Daston 2000, 6). Essays in her volume stress how colloquial ob-
jects, like dreams, monsters, or identity, are re-interpreted through scientific
interest. This process is foremost a transformation of meaning that classifies
colloquial phenomena into scientific categories. Through a change in meaning,
objects become coherent categories of investigation. However, that does not
imply a concealment of semiotic relations; rather, specific cultural circumstances
charge strange facts with significance and forge connections between them. The
capacity of objects to create new relations is also emphasized by their coming
into being through embeddedness. The embeddedness of a new object’s becom-
ing stresses the potential of science to create new objects, as well as how new
objects enforce “new techniques, differentiations and associations, representa-
tions, empirical and conceptual revelations” (Daston 2000, 13). The more widely
scientific objects connect to other phenomena, the more they yield layers of
hidden structure. Daston wrote that embeddedness “captures the distinctively
generative, processual sense of the reality of scientific objects, as opposed to the
quotidian objects that simply are” (Daston 2000, 13). Her account is strict in
stressing the historicity of scientific objects and describes the changes in mean-
ing that go along with it. Nevertheless, her object biographies remain unconcep-
tualized in their analogies to human socialization.

Sherry Turkle is somewhat more rigorous regarding the analogy of biog-
raphy and object-meaning. For her edited book Evocative Objects, she collected
examples of intimate relationships between people and things. These things are
very different in terms of their material compositions, or, if they are scientific or
quotidian things, what they share is an intimate relationship to biographical pas-
sages in personal human lives. The stories in Turkle’s book report on biograph-
ical passages in which certain, dear things gain specific meaning. Turkle con-
cludes from these stories that it is particularly the “things we think with” that
evoke intellectual and emotional meaning. This evocation of thought relates to a
person’s emotional life and biographical memories attached to an object, or it
relates to a thing’s resistance to fitting into established categories, which evokes
intellectual engagement. The latter, for instance, is reported in a story about
Chinese scholars’ rocks. These rocks evoke scrutiny of their origins, as it is not
easy to tell from their appearance whether they are handcrafted or natural ob-
jects. By placing them on a pedestal, they become cultural objects that foster
philosophical engagement with their peculiar existence. Reframing them in a
biographical context and in relation to Western philosophical traditions causes
them to challenge existing categories such as nature/culture, east/west, or sci-
ence/identity (Rosenblum 2007, 252ff.). Turkle wrote that it is often things on
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the boundaries that are disruptive and are sources for new ideas (Turkle 2007,
322). Her perspective on intellectual engagement with objects is active, as she
stresses the role of tinkering, play, and material practice in changing an object’s
meaning. Donald W. Winnicott stressed, in this regard, how children build a self
by playing with toys, which makes them relate to their surrounding world
(Winnicott 2005). In the essays in Turkle’s book, this also holds true for adult
life, as shown in one story in which the author reports on how crafts fostered her
understanding of math. In these examples, material and abstract practice mesh
through interaction — in objects, “the abstract becomes concrete, closer to lived
experience” (Turkle 2007, 307). Novelty, in this regard, is a matter of re-framing
objects through active engagement and drawing connections between previously
separated realms. These meaning-making processes are individual because they
involve personal biographies, just as they are collective because they reflect
cultural contexts.

The notions of biographical passages from Kopytoff, Daston, and Turkle
share a certain favoring of re-contextualizing objects so as to make them singu-
lar, scientific, or evocative. They stress the potential for individuating objects
through creating new connections and cultural framings. There is a nice example
from da Vinci’s mechanical drawings illustrating this point. One drawing of his,
supposedly, pre-empts the invention of the helicopter. It shows a whirling sail
connected to a mechanical rotor. Nevertheless, it would be wrong to call da Vin-
ci the inventor of the helicopter, as he adopted the design of a much older Chi-
nese toy for his drawings, and, furthermore, his apparatus only indirectly in-
spired the aeronautic pioneer Igor Sikorsky to develop technical designs of heli-
copters (cf. White 1962; Gibbs-Smith 1978). This kind of meaning-making
through new connections across large timescales have been put into focus
through the notions above and have not come to the forefront via the perspec-
tives of novelty as invention and differential pattern.

However, such re-contextualization entails a backlash in terms of an ob-
ject’s valorization: in his book The Shape of Time, George Kubler considers the
historical sequences of art works and the continuity of change across time. He
states that considering artistic intent and style is somewhat limited for under-
standing the cultural value of art. Instead, he proposes placing art objects in larg-
er continuums and stressing their duration throughout history. Art objects behold
specific positional values that stem from their systematic positions with respect
to a pertinent sequence (Kubler 2008, 89-90). In this sense, every object not only
has a position in time but also a position in a system of form, to which its occur-
rence belongs. This refers to, for instance, the position of Zurbaran’s portraits of
the twelve Apostles; each of them are standalone portraits, but they also form a
coherent work, as their gestures are signified through their position as a group. In
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this regard, Kubler shows how history matters for the meaning of objects, but re-
contextualizing objects does not necessarily entail valorization, but instead may
also lead to a loss of meaning.

With this critique in mind, I want to include another notion of novelty as bi-
ographical passage, proposed by media philosopher Boris Groys. In comparison,
Groys is most explicit about novelty and takes novelty as a theoretical concept.
He does not apply the biography metaphor, but instead takes “the archive” as the
significant passage point that marks an object as novel. On the one hand, the
archive stabilizes novelty, as it preserves the qualitative difference of an object
from all the other objects that came before and that are already included in the
archive; on the other hand, in so doing, the archive drives the quest for the con-
tinuous proliferation of novelty, as it prevents achievements from losing their
meaning through time. Groys has written that only when novelty does not pose a
danger to identity and tradition may it become a positive and collective demand
(Groys 1992, 23). The archive is the technical and medial infrastructure for pre-
serving the proliferation of difference and makes inventive achievements com-
monly accessible. Hence, entering the archive is a matter of valorizing an object
as novelty, since it is marked as a relevant contribution. This implies an impera-
tive for creating novelty, or, as Groys wrote: “The first law of the archive is: you
shall not do the old!” (Groys 1997, 31, own translation). In this sense, the ar-
chive says what you should not do, which is repeating what is already included,
but it does not determine what objects or what forms are valorized as novelty.
Groys’ pivotal example is the museum, which is an institution that collects art
works and which marks them through their incorporation as relevant contribu-
tions to art. This includes objects becoming a matter of discussion through ar-
chiving, as they are related to an archive’s stock. In this respect, archives are
symbolic technologies because they embody cultural meaning and create modes
of comparative conservation (Nowotny 2008, 28). Nevertheless, in Groys’ ac-
count, it remains unclear how the expanded set of modern symbol-technological
instruments of preservation influence modes of archival valorization.

At first sight, Groys’ archive does not seem to behold too many insights for
my da Vinci example. Clearly, da Vinci’s works are part of the societal memory
and are valorized as novelty. The institutions of art history have adjudged them
distinctively different from what came before in terms of artistic style as well as
technical engineering. Still, Groys’ account beholds a certain point: valorization
is less about forms and more about difference. Whereas da Vinci’s paintings had
already earned him a strong reputation during his lifetime, his drawings were
accounted as valuable much later, after they were related to previous and follow-
ing technologies. Through the historical juxtaposition of his drawings with other
sketches, patents, and plans that entered the archives much later, the progressive-
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ness of da Vinci’s drawings has been accounted for. It is not so much the form
that is crucial to such valorization, but assessing that the drawings do not resem-
ble the old. This point, which Groys makes, makes a clear distinction from nov-
elty understood as a differential pattern that regards forms as essential to how
differences are constructed.

To sum up, novelty as biographical passage stresses the relation of collec-
tive and individual meaning-making. Certainly, most approaches summarized
here do not take this metaphor seriously, as they hardly entail concepts analo-
gous to human socialization (cf. Dant 2001). Nevertheless, the approaches share
certain points. Object biographies signify the tension between, on the one hand,
becoming part of a collective of objects that fosters comparison and exchange,
and, on the other hand, increasing an object’s value through singularization. This
tension between commoditization and singularization signifies market relations
as well as emotional relationships between humans and things; at both levels,
novelty occurs as new meaning through singularization. Time is a central dimen-
sion in object biographies. Over the course of time, objects may become a matter
of changing interests, which conflates different cultural realms or connects them
in a new way. This happens, for example, when colloquial or mystical objects
become a matter of scientific interest, or, inversely, scientific objects become a
matter of artistic interpretation that leads to novel art objects. Nevertheless,
meaning stabilizes through biographical passages when they valorize an object
as a relevant contribution to societal memory. In relating an object to previous
objects, their difference qualifies an object for entering the archive. Entering an
archive stabilizes an object’s value as novelty while simultaneously allowing
further meaning-making through discussion of how it relates to the archive’s
stock. In this sense, biographies signify passage points that mark an object as
novelty in relation to a collective of objects.

Nevertheless, object biographies are also limited. For instance, referencing
and meaning-making are very selective, and only certain aspects of an object
become the matter of new interpretations; however, biographical passages tell
only a little about the processes and practices of selecting. This includes how
authors actively translate or change the material composition of an object to fit
symbolic technologies of valorization. In this respect, biographies need to entail
activities of writing biographies and their material labor instead of only retro-
spectively sketching a trajectory of changing meaning. This issue can be ap-
proached by taking the biography metaphor more seriously and stepping into
dialogue with related concepts. For instance, George H. Mead emphasized that
bodily interaction constitutes the human self. The following question is then,
what can we learn from the analogy between developing a self and object biog-
raphies?
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1.4 Toward Novelty as Articulation

The preceding discussion aims at sketching differences concerning perspectives on
novelty and technological objects. All three perspectives focus and conceal differ-
ent aspects and analyze technologies in diverse settings and on different time
scales. Hence, they all contain specific shortcomings as well as lessons learned.
Two central points summarize the perspectives’ shortcomings: Firstly, the perspec-
tives insufficiently acknowledge the diversity of realms through which an object
becomes novelty. Each perspective’s focus comes with a blind spot, and none of
them considers in one heuristic the rendering of novelty through material tinkering
or through collective meaning-making based on signs, values, imaginaries, and the
interweaving of those diverse realms. Secondly, if a perspective concentrates too
much on experimental practice, it neglects structural influences, and, when a per-
spective concentrates too much on trajectories, it leaves out the dirty work of ex-
perimenting, tinkering, and the entailed contingencies. None of the perspectives
captures practice and structure or their interrelations in the becoming of novel
objects. This is, for instance, how technical infrastructures become resources or
impediments in experimental practice, or how situated enactments of single objects
reiterate societal imaginaries about technologies.

Nevertheless, the perspectives share a central issue. This shared problem re-
gards novelty and its relation to technological object: how does an object become
an individuated unit and simultaneously become related to what came before?
This is the crucial tension of novelty and runs implicitly through all of the ac-
counts discussed. It is the tension between individuating and relating technologi-
cal objects, between becoming one and becoming one of many. This fundamen-
tal problem is addressed by evolutionary approaches as a tension between conti-
nuity and mutation, by differential patterns as a matter of triggering and translat-
ing events into new forms, and by biographical passages as singularizing com-
modities. In this regard, novelty is more than merely the difference from what
existed before. Instead, novelty is tied to individuation, to making an object ef-
fective and accountable as a unit. Perceiving something as different, as a distin-
guishable unit, requires separation from the surrounding profanity, whether it be
on a material or semiotic basis. Novelty is a matter of coping with the tension
between individuating and relating an object — between making an object work
and making it meaningful in a distinguishable way, and opening it up for new
information with which to connect. This problem is the main issue of this study.

Bringing this tension into the focus of this study not only stems from reflect-
ing theoretical perspectives; the problem is also enforced by initial empirical ob-
servations. My first ethnographies and conversations in the RBO Laboratory were
only marginally concerned with trajectories of robotic hands as such. How differ-
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ent the RBO Hand was from other robotic hands was of secondary concern for
Deimel and the institute’s director, Brock. What mattered primarily to them was
how to exploit the material capacities of silicone for grasping. Their activities and
their accounts of their research practice were mostly concerned with designing and
engineering a hand that worked — as simple as that. Similarly, Baecker only mar-
ginally referred to other media artworks when he spoke about ideas for his new
installation, which later became Mirage. In addition, his activities in the studio
focused on realizing technical and mechanical circuits, instead of caring about
whether a certain technique opposed common procedures of artistic work. In this
regard, my early observations stress that, in the first place, Deimel’s and Baecker’s
activities are less concerned with differentiating a new object in opposition to what
came before; on the contrary, both individuals’ work is primarily concerned with a
more basic problem: creating a material unit that works; making materialities do
something that they have not done before. Empirically, this is means creating a
bending form that allows exploitation of the capacities of silicone so as to grasp
items, or creating a functional link between the Earth’s magnetic field and the
deformations of a mirror foil. These issues are aimed at individuating an assem-
blage of previously separated things towards a functioning unit.

In this respect, the focus on the tension between individuating and relating
and making it an explicit concern for studying novelty drives my proposal for a
different perspective on novelty and technological objects. Taking lessons
learned and problems into account, the main question to guide a new approach is
how to analyze the ways in which objects individuate and relate through diverse
realms considering situational practices and long-term structures. This question
focuses on activities of individuating and relating, while still being concerned
with structuring conditions.

In the following, I sketch an approach to this question. The central notion of
that approach is articulation. After sketching the basic meaning of articulation
and how two selected theoretical strands advance the notion, I outline the ele-
ments that articulate technological objects. These elements are figures, technici-
ty, and enactments. Whereas figures and technicity relate to the structures of
processes, enactment enfolds contingency at the practice level. The theories from
which I build my approach are not fully correlated — neither in the sense that they
are based on a common social theory, which would have made the terms they use
fully consistent, nor in the sense that their argumentation is directed toward a
shared objective, as in, for example, explaining how novelty emerges. What
connect the theories are their offerings to understanding the paradox of relating
and individuating. The theories that inform my approach stress, on the one hand,
how objects individuate and become accountable as a unit and, on the other
hand, how relations to specific semiotic and material environments determine an
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object’s existence. Both are entangled processes through which objects become
significantly distinct. They are abstract processes, underlying what I consider
articulations of novelty.

1.4.1 Articulation

Proposing articulation as a central notion is inspired by the colloquial under-
standing of the term. In English, the word has a twofold meaning. In the first
instance, it refers to the action of distinctly expressing an idea or feelings with
words. Here, the word refers to the clarity of sound, the sharp edges of speech
that make words distinguishable units. However, in a second instance, articula-
tion also refers to the connection of two parts by a joint. According to this defini-
tion, an articulation is the joint or juncture between bones and cartilage in the
skeleton of a vertebrate. It is the movable joint between two rigid parts. In this
twofold meaning, articulation addresses the tension between individuating and
relation, which I regard as the core tension of novelty. It captures ways in which
something is expressed as a distinguishable unit as well as how something is
related to other units that may form a continuous sequence of joint elements.

However, articulation as a term is somewhat occupied in social science. In
order to elaborate on what articulation implies for the study of novelty, I have
sketched two directions that advance the term as a theoretical concept. I begin
with its understanding in cultural studies and then sketch its understanding in
science studies.

In cultural studies, articulation is associated with the work of Stuart Hall,
who built upon Antonio Gramsci and Ernesto Laclau and continued developing
their Marxist notion of articulation. Hall began explanations about the meaning
of articulation by referring to the same double meaning of articulation that
caused me to use this term. He explained that, in English, articulation not only
refers to distinctive lingual expressions, but also to material connections between
two entities, like between a truck and a trailer, which can be, but is not necessari-
ly connected as an articulated lorry (Hall 1986, 53). Hall’s main conceptual ref-
erence is Laclau, who advanced articulations as a theoretical perspective to es-
cape the traps of reductionism in Marxist theory. Criticizing reductionism stress-
es Marxists’ reduced explanations of social structures as determined by class or
production mode (cf. Slack 1996). Laclau took this accuse seriously and called
for a more theoretical foundation for Marxist categories. Stressing articulations is
then a matter of addressing the process of abstraction between the theoretical
accounts of discourses and the categories that inhabit such discourses. Class, for
instance, is a theoretical delineation of a particular societal formation that stands
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aside from other possible determining forces, instead of a concept within politi-
cal practice (Laclau 1977, 10). In terms of novelty, this means that novelty is not
necessarily an actor’s label used within robotics or art discourses. Rather, novel-
ty is a theoretical delineation of a specific formation that connects diverse ele-
ments. It is an account of situations from a specific perspective.

In Hall’s work, articulation is advanced as a conceptual term to characterize
how class, race, political movements, ideology etc. are not determinate conse-
quences of societal formations, but are articulations of diverse elements that
could also be otherwise (Hall 1986, 53):

“An articulation is thus the form of the connection that can make a unity of two dif-
ferent elements, under certain conditions. It is a linkage, which is not necessary, de-
termined, absolute and essential for all time. [...] So the so-called ‘unity’ of a dis-
course is really the articulation of different, distinct elements that can be re-
articulated in different ways because they have no necessary ‘belongingness.” The
‘unity’ which matters is a linkage between that articulated discourse and the social
forces with which it can, under certain historical conditions, but need not necessari-
ly, be connected.”

An articulation, in this regard, is the form of connections that can create a unity
of two different elements under certain conditions. Hall puts unity in brackets so
as to emphasize the contingency of articulating elements. Connections can al-
ways be different, and parts may fit together in unforeseen and complex ways.
However, when they come together, they create a sense of coherence, a sense of
unity that makes their connection meaningful. For instance, religion does not
necessarily connect to state power, but both can articulate a non-secular ideolo-
gy. The articulated unity is a linkage between discourses and social forces, which
can, but need not necessarily, be connected. Hall stressed that the unity formed
by articulations is always a complex structure, in the sense that things relate as
much through their differences as through their similarities. Jennifer Daryl Slack
and J. Macgregor Wise clarified regarding Hall that “articulation can be under-
stood as the contingent connection of different elements that, when connected in
a particular way, form a specific unity” (Slack and Wise 2005, 127).

In this heuristic sense, Hall urges that studying articulations needs to deline-
ate mechanisms that connect dissimilar features, because no homology is given.
This entails searching for connections that are made: how practices are linked to
effects, texts to certain meanings, meaning to particular aspects of reality, expe-
rience to politics, etc. (Slack 1996). These links are drawn across diverse realms,
such as symbolic structures, institutions, and embodied ways of habitualized
action. They are not free-floating connections among autonomous entities, but
are themselves articulated within larger structures. Articulations are not random
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associations, but structured combinations. In this regard, delineating them must
entail the structured relations of dominance and subordinations in which they
occur (Hall 1980, 325). In terms of technology, this implies heterogeneous ele-
ments at a practice as well as a structural level. Articulations go beyond physical
arrangements that carry the label “technology" and imply contingently related
activities, experiences, and affects at a practical level as well as the structures
that constitute a technology’s existence, like material infrastructures, discourses
of power, shared symbols, and institutions. Articulation is the point of conver-
gence when these elements come together and create a sense of unity among
themselves.

Hall’s understanding of articulation, as it is briefly sketched here, somewhat
entails novelty implicitly. It highlights the temporality and contingency of social
formations and, furthermore, the appearance of units less as a matter of shared
characteristics and foremost as a matter of relating diverse elements so as to enact
a sense of unity. This understanding of articulations focuses on exactly the same
tension between individuating and relating that I regard as signifying novelty.

In science studies, articulation is similarly regarded as a matter of combin-
ing elements so as to make them appear unified. However, scholars advance the
term in a different conceptual vein than in cultural studies. Bruno Latour and
Donna J. Haraway, who both share a general interest in the making of alliances,
pick up the term. They share this interest with cultural studies’ appropriation of
the term. However, their perspectives focus on particular connections between
human and nonhuman actors that are articulated (as) discrete units. Latour in-
cluded articulations in the glossary of his book Pandora’s Hope, but without
giving a substantial definition of the term (Latour 1999, 303):

“Like translation, this term occupies the position left empty by the dichotomy be-
tween the object and the subject or the external world and the mind. Articulation is
not a property of human speech but an ontological property of the universe. The
question is no longer whether or not statements refer to state of affairs, but only
whether or not propositions are well articulated.”

Whereas this glossary statement in itself does not clarify what processes he
wants to capture, articulations can be understood better by following how Latour
has advanced the term throughout his studies. One of Latour’s general ambitions
has been characterizing scientific practice, not as a passive finding of truthful
facts through the scientist, but as an active production of accounts as facts. Ar-
ticulation is then a term that captures how scientists make and craft alliances
with various elements, like non-human laboratory apparatuses and entities under
investigation. From his study about Pasteur’s “discovery” of the lactic acid fer-
ment, Latour advanced articulations as a conceptual term (Latour 1999, 133ff.).
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In his exemplifying case, his main issue is that the lactic acid ferment becomes a
presumably independent entity the more work Pasteur puts into rendering it visi-
ble. In this sense, the ferment is not simply captured with a lingual account of its
given characteristics, but is produced as an entity through connecting probes,
instruments, and other laboratory facilities, as well as agriculture and national
politics. All these entities are connected step-by-step so as to produce the fer-
ment as an entity with increasingly significant attributes. In order to conceptual-
ize this process, Latour has proposed a terminological duo consisting of proposi-
tions and articulations. Propositions are actants in the sense of occasions or op-
portunities to bring different entities into contact. Articulations are then connec-
tions between propositions. These connections are not statements that capture the
world through language with a huge gap between both. Rather, Latour proposes
articulations as connections made between several different entities and within
heterogeneous material realms. Through connecting propositions, actants be-
come visible as distinct entities. This is not a process like capturing the world
with words, but a process that fabricates the world step-by-step so as to align
matter with the forms of discourses. In this sense, Pasteur actively articulated the
ferment in his laboratory as he connected chemicals and instruments, as well as
lingual propositions such as regarding the ferment as a living entity. Articula-
tions connect propositions as differences to “make new phenomena visible in the
cracks that distinguish them” (Latour 1999, 143).

Haraway makes use of the term “articulations,” too. However, she does not
advance articulations conceptually as Latour does. Nevertheless, her use of the
term is similar to his. Her realm is in the discourses of technoscience and the
ways figures and tropes repeat in the material and bodily corporealizations of
modern science. Articulation, in this sense, is a view in opposition to represent-
ing science, is a more active term that addresses “clusters of processes, subjects,
objects, meanings, and commitments” that are fabricated through scientific dis-
courses (Haraway 1997, 63). In her book Primate Visions, for instance, she ren-
dered how the advent of primatology was an articulation of scientific normativi-
ty, colonial Orientalism, and masculinity. These articulations manifest in iconic
images that, for example, figure apes as humanlike animals, as well as in the
material practices of laboratories that reproduce apes as a species akin to the
human (Haraway 1989). As with most of her terminology, “articulations” entail a
reflexive notion, and she implies activism, which also signifies the Marxist tradi-
tions of cultural studies. She has urged that the regarding of technoscientific
objects as articulated is also an invitation to articulate new figures, like the cy-
borg, that cross-cut established boundaries as man/female or human/machine
(Haraway 1997, 269).

So what kind of approach to the study of novelty and technological objects
do articulations suggest?
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First, articulations are not limited to expressions or labels used by actors in a
specific context; rather, they are conceptual delineations, like class, identity, or
habitus. This urges one to be clear about novelty, too. Understood as an articula-
tion, novelty is not limited to what scientists, artists, or an audience regards and
labels as better, progressive, aesthetic, of generally new. It is rather a conceptual
account of situations with which one can characterize phenomena and processes.
Hence, a study of novelty as articulation is one that searches for temporal qualities
in the diverse compositions that signify the becoming of technological objects.

Secondly, the main issue of delineating those qualities is coherence. Articu-
lation as heuristic focuses on the temporal coherence of combinations, which is
not determined but is still structured and directed. From Hall’s perspective, this
would be the sense of unity that occurs at a certain point in discourses of power,
and, from Latour’s perspective, this would be when propositions are rendered as
entities. In this regard, technological objects articulate their novelty in moments
when elements click in and create meaningful unity. In contrast to articulations
of class or habitus, novelty is a sense of unity that goes beyond previously exist-
ing things — that embodies difference.

Thirdly, articulations emphasize the heterogeneity of elements that connect
in technological objects. It is a heuristic device for drawing attention to the ways
elements from diverse realms such as signs, materialities, and bodies connect and
appear unified. Furthermore, it stresses how structural elements and immediate
situations are related in technological objects. This urges one to pre-set certain
heuristic elements under articulations in order to broaden the heuristic scope and
allowing the comparison of different articulations. In the following, I sketch
three elements that articulate technological objects and their novelty: figures,
technicity, and enactments. Each of them is concerned with different modes in
which technological objects become part of a shared reality.

1.4.2 Figures

The first element that I regard as articulated are figures. Figures are related to
what I have so far called semiotics'®, but are somewhat more specific, as they
stress the continuing individuated forms that are built in and from stories of
technological and scientific progress. Historian of science and feminist scholar
Donna J. Haraway prominently discussed the structuring efficacy of figures and

10 When I speak of semiotics, 1 refer to its very basal meaning as the study of signs and symbols
and their uses and interpretations. I do not implicitly refer to a particular semiotic theory unless
I mention it as such. This basal understanding of terms that are conceptually declined else-
where also includes related terms like signifier, which I understand as a symbol, sound, or im-
age that represents or points toward an underlying concept or meaning.
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their embodiment within technoscientific discourses. By accounting for figures,
Haraway has stressed, for instance, how figures of Christian realism are repeated
in the technoscientific sense of history and progress in the United States
(Haraway 1997). She understands figures as topics and tropes, articulated and
drawn as categories of existence. A figure can be equally understood as a consti-
tutive concept for, as well as the semiotic and material effect of, specific practic-
es (Haraway 1997, 11):

“Figures do not have to be representational or mimetic, but they have to be tropic;
that is, they cannot be literal and self-identical.”

Haraway’s perspective focuses on the power of language to relate technological
objects and meanings to one another. It is less concerned with pragmatic use and
ways technologies work as differential machines that produce material causali-
ties. Rather, it stresses how difference is made by relating technologies to the
specific stories of their existence. These stories are not arbitrary or limited to a
specific object, but are part of shared imaginaries and discourses. They refer to
activity and the active reproduction and signification of objects via speech, text,
and pictures. The term imaginaries, just like figures, has a more long-term con-
notation and, in contrast to stories, refers to continuing structures of signs and
meaning. Imaginaries share with the more colloquial term “imagination” an
evocation of vision and fantasy, but instead of referring to individual experience,
imaginaries consider specific cultural and historic resources that the world makes
available to us, according to our particular location within it (Suchman 2007, 1;
cf. Knoblauch 2011). Haraway’s argument focuses on the tropes used in stories
that relate imaginaries and technological objects. Tropes are figurative and meta-
phorical elements, not only in the sense that particular terms and expressions
make a story more florid, but also that an object’s mode of existence is a matter
of invoking associations across diverse realms of meaning and practice. Dis-
courses, in this regard, are not what is said, but are those which constrain and
enable what can be said; their practices define what counts as meaningful state-
ments (Barad 2007, 146). A figure embodies shared imaginaries and is repeated
in stories that inhabit discourses, scientists, authors, and audiences; it “collects
up the people” (Haraway 1997, 23). Technologies, in that sense, are materialized
figurations (Haraway 1997, 23), as they bring together material and meaning into
a more or less stable arrangement (Suchman 2007, 227).

Robotics is a scientific realm whose discursive structure is vividly inhabited
by figurative accounts (Suchman 2007; Suchman 2011a; Ala¢ 2009; Sabanovié
2014; Castaiieda and Suchman 2014). In particular, the “human” figure struc-
tures how humanoid machines gain significance. Stressing the human figure is
asking what it means to be humanlike in robotics and how the boundary between
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human and machine is drawn. For instance, Lucy Suchman identified three ele-
ments of humanness in contemporary artificial intelligence and robotics: embod-
iment, emotion, and sociability. Sociability is, for example, expressed through
affective interactional encounters with a robot, like in the case of Kizmet, which
was designed to closely resemble a child’s expressivity. Through the enacting of
a culturally shared meaning of the category “child,” the robot is signified as a
machine in its becoming — one that can be encountered playfully and whose
technological adolescence might not yet have arrived, but is about to (Suchman
2007, 226 ff.). Robotics and artificial intelligence reiterate such culturally specif-
ic imaginaries and enact machines as embodiments of their figures. This is not to
regard the humanoid as a scientific model of the human, but to make evident
how roboticists imagine humanness and how they enact and make intelligible the
similarities and differences of their robots.

The example shows how technological artifacts are signified through their
relations to culturally shared categories of existence. In Haraway’s writings,
another aspect of figures becomes evident, namely, their individuation (Haraway
1991; Haraway 1997). For example, she has delineated the OncoMouse™ as a
figure within salvation stories of the biotechnical war on cancer as the embodied
promise for the cure. She/it is a living commodity, a genetically modified labora-
tory mouse patented by the chemical company DuPont. The stories that surround
its existence places OncoMouse™ as a figure of a culturally privileged kind of
salvation that rebuilds the world from a laboratory. Haraway has delineated On-
coMouse™’s existence as an embodied mystery in a secularized salvation histo-
ry of scientific knowledge, progress, democracy, and economic power (Haraway
1997, 85). These relations, which are distinct from those of a mouse as a creature
of nature, individuate the figure OncoMouse™ as an entity related to culturally
shared desires, values, and promises. It individuates through its specific history
of origin, which is peculiar but seductively auguring.

However, the story of OncoMouse™ is not merely harmonic as if its mean-
ing is definite and stable. It is also a story of contention, which negotiates ethics,
patenting, and the role of science. This contestability is crucial to Haraway’s
understanding of figures. She has stressed that figures are not simply inscribed
into processes, but also trouble them. A figure must “involve some kind of dis-
placement that can trouble identifications and certainties” (Haraway 1997, 11).
In artificial intelligence, for instance, the discourse not only considers human
intelligence as an ideal for the machine, but also contests what intelligence
means, as computers have destabilized boundaries between human intelligence
and forms that are more primitive. Katherine Hayles has spoken of “computing
the human,” not in the sense of inscribing human properties into machines, but
rather of shaping our notions of the human. Human and machine are no longer
measures of each other wherein one falls behind the other according to its ca-
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pacities, rather computing the human stresses that the human cannot be ade-
quately understood without ranging it alongside the “intelligent” machine(Hayles
2005, 148). Hayles’ example shows how the “human” figure in artificial intelli-
gence individuates because its intelligence is a benchmark, but, equally, the fig-
ure enables the contesting of what human intelligence actually is.

The duality of individuating and contesting is related to another aspect of
Haraway’s figures. The examples mentioned above stress the agency of lan-
guage, but also implicitly stress a figure’s embodiment. Emphasizing the role of
bodies is of central concern for feminist research. This regards questions such as
how actual bodies repeat cultural perceptions of the female ideal and how em-
bodiments enforce boundaries and isomorphism. The embodiment of figures is
also a relevant aspect of the ways technologies become part of a shared reality.
The entailment of technical embodiment and mystified figures is shown in
Suchman’s study on “subject objects.” On three demonstration sites, she ob-
served how humanoid robots become models of the future. Unlike commercial
demonstrations, which prove the functionalities and purposes of new technologi-
cal artifacts, demos of robots are a matter of their existence and encounters of a
cultural form of the uncanny, with something that is similar yet still different.
Technical and popular imaginaries mobilize the figure of the robot not in its
actuality, but in its potentials. In local encounters, these travelling stories and
material assemblages interact and render the humanoid as “never quite realizing
its promise but always also exceeding the narratives that animate it” (Suchman
2011, 133). In this sense, embodiment is a matter of a figure’s existence, which
entails specific dynamics triggered by physical encounters. A figure is materially
embodied, but not determinedly bound to a specific material.

In the preceding paragraphs, I have outlined four aspects of Haraway’s un-
derstanding of figures: the power of tropic language to signify technological
modes of existence; the discursive tendency to individuate figures; how this
individuation enables contentment, which is fundamental to a figure’s existence;
how figures are differently encountered through their embodiment. These four
aspects are an exegesis, and other readers might have highlighted other aspects
according to their own questions. I regard these aspects as crucial to how figures
enable or prevent articulations of novelty. They stress semiotics of novelty and
progress, how language individuates to mark objects as distinguishably different,
and how language and embodiment might destabilize relations — all these aspects
can structure how novelty is articulated. What is considerably different for this
figure-perspective, as opposed to other theories that account for the relation be-
tween discursive practices and novelty, is its not starting from institutional set-
tings and their conventions (cf. Polanyi 1962; Becker 1982). Of course, figures
are significantly related to institutionalized fields like science and art, but the
articulation of an object as new might also signify its existence in relation to
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cultural imaginaries that lie across different institutional realms. This could be,
for instance, the human figure that is articulated in science and in art with dis-
tinct similarities and distinct differences. Thinking through figures allows ac-
counting for the convergence of referencing, without negating the differences of
specific settings.

1.4.3 Technicity

Technicity is the second heuristic element that I place under articulation. In con-
trast to the semiotic connotation of figures, technicity refers to the material di-
mensions of technological objects, their technical character, and the structuring
dynamics that stem from assembling technical parts. In order to elaborate on the
notion of technicity, I mainly refer to the philosopher of technology Gilbert Si-
mondon. His ideas have recently been developed in philosophy, stressing what
his thinking has meant for contemporary technologies (Horl 2008; De Broever et
al. 2012; Hoel and Tuin 2012; Iliadis 2013), as well as to what extent his con-
cepts can be adapted for building social theory (cf. Venn 2010). I would like to
refer to Simondon in a different, more pragmatic way and develop technicity and
ontogenesis as heuristics to empirically account for processes through which
technological objects come into being (cf. Mackenzie 2001; Mackenzie 2005).
Simondon’s philosophy about the becoming of technological objects was
developed by him within a larger framework to explain individuation without
presupposing “the existence of a principle of individuation that is anterior to the
individuation itself” (Simondon 2009, 4). He developed his philosophy as dis-
tinct from substanstialism, which regards a being as consistent in its unity, and
Aristotelian hylomorphism, which considers the individual as the coming togeth-
er of active forms and passive matter. Ontogenesis and individuation are the
starting points from where he unrolled his arguments and concepts. Ontogenesis
is the more general of the two terms, referring to a “becoming of being,” compa-
rable to its biological understanding, where the term refers to the origination and
development of an organism (Barthélémy 2012, 219). Individuation is part of
that process as the genesis of the individual, in the sense of a thing or an entity
that can be considered different from others. Whereas the clear distinction of
both terms is not of importance here, it is crucial to stress that it is genesis that
concerns Simondon’s thinking the most. He wanted to understand “the individual
through the individuation, rather than the individuation through the individual”
(Simondon 2009, 5, author's emphasis). Thus, he reversed individuation by prior-
itizing the operations from which the individual comes to exist and which of its
characteristics reflect the development, the regime, and finally the modalities of
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its existence. He thought of individuation as a continuous becoming, and of the
individual, or what is perceived as an entity, not as an endpoint, but as a situated
and temporal form that always deviates from a hypothetical finality (Simondon
2009, 5):

“The individual would then be grasped as a relative reality, a certain phase of being
that supposes a pre-individual reality, and that, even after individuation, does not ex-
ist on its own, because individuation does not exhaust with one stroke the potentials
of pre-individual reality.”

This pre-individual reality is characterized by what Simondon called metastabil-
ity, which causes the continuous flux of existence. Whereas stable equilibriums
are in a state of low energy as all possible transformations are realized, metasta-
bility is a state that is charged with potentials. In metastable states, slight modifi-
cations can provoke chains of activities that break order and alter a system’s state
of being. These activities or structuring flows are what Simondon called trans-
duction. It is an operation that propagates from one element to the next
(Simondon 2009, 11). As such, transduction is a way of thinking about how
individuation depends on not-yet-structured potentials or pre-individual states.
From a metastable state, it is an ontogenetic operation that provisionally resolves
incompatibilities between different orders or different zones of a domain, and
leads to individuated beings, such as things, gadgets, organisms, machines, or the
self (Mackenzie 2005, 393). Simondon’s favorite example of transducing indi-
viduation in a metastable system is crystallization. A saturated solution is a met-
astable system, as it only takes a seed to break the temporal order of the liquid.
The interference causes the potential energy of the solution to propagate from
one element to the next and transform into crystals. Each constituted molecular
layer serves as an organizing basis for the layer currently being formed. This
transduction entails the transfer of energy within the solution and its simultane-
ous structuration and modification. Hence, transduction indicates the meeting of
two disparate realms and the beginning of the process of individuation. It might
be described as the process through which different properties interact among
each other to produce something that is ontologically new (Iliadis 2013, 12-3).
Whereas the preceding terms — individuation, metastability, and transduc-
tion — are part of Simondon’s general philosophy, I would like to continue now
with notions directed toward the existence of technological objects.'' These
notions are embedded in individuation and transduction, but Simondon devel-
oped them in accordance with technological genesis. Concretization is the pivot-

11 I would like to emphasise that Simondon’s thinking is characterised by the symmetry of terms
used for the psychic, collective/social, natural, and technological realm.
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al concept of these notions (Simondon [1958] 2012a, 19). Like individuation,
concretization is a process and not a final state. In that sense, technical objects
are never absolutely concrete, but are striving for and equally deviating from
their pre-individual potentials. Their genesis is a convergent process in which the
object “pulls in” the assembled elements; it is a movement towards the essence
of the technical object. Concretization is not to be confused with the materializa-
tion of a concept and, respectively, also not to be confused with knowledge pro-
cesses that communicatively institutionalize an object. It is the genesis of a tech-
nical object, wherein the object is not a cognitive thing advancing its becoming,
but what is present in every stage of becoming: “the technical object is unity as a
unity of becoming” (Simondon [1958] 2012a, 20).

There are two aspects that characterize what Simondon regarded as the
technical becoming, which he called concretization (cf. Barthélémy 2012, 208-
9). The first is the internal resonance of the elements that compose an object. It
is a fitting-together of physical components that fosters a growing organicity.
Each piece fits into the functional unit, like transducing crystals, whose structur-
ing follows internal causalities. The second aspect is the pluri-functionality of an
element. Instead of having a single function, concretization entails the integra-
tion of the redundant properties of each element. As an example, Simondon re-
ferred to different cooling systems in combustion engines. Water-cooling is not
concrete in his sense, as the cooling system requires a sub-ensemble of tubes,
pumps, liquids, etc., which are external to the functional unit of the engine. In
contrast, air-cooling does not rely on an external radiator, but is based on cooling
rips that are part of the cylinder pistons. The pistons are pluri-functional, as they
not only provide a physical structure through which the cylinder determinately
moves, but also channel the airflow to prevent the piston from overheating. In
that sense, air-cooling is more concrete, because cooling does not require an
additional sub-ensemble for/in the functional unit of the engine, but is achieved
by integrating the redundant characteristics of assembled elements. From that
perspective, redundant properties are not necessarily problematic, but contain
potentials that become effective through concretization.

Simondon conceptualized concretization as a convergent movement to ex-
plicate internal processes and causalities through which objects individuate as
units. That is, concretization is a movement that sharpens the technical character,
or the technicity, of an object. This is exactly the opposite of an object, whose
genesis is an adaption to the environment, in the sense that it fits a given milieu.
Original to Simondon’s thinking is that he regarded concretization as a process
that tends toward an open machine, as opposed to adapting, which dead-ends
technical development (Simondon [1958] 2012a, 47ff.). Adaptation regards the
modification of an object as fitting the material and human conditions of its us-
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age, or an object splitting into modules (i.e. software/hardware). Both cases en-
tail adapting an object to a given technical (i.e. electricity) or spatial (i.e. railroad
construction) milieu. A concretized object defies such adaption. Concretization is
not a process conditioned by a given environment, but a process that conditions a
new “associated milieu.” That is not to say that external processes do not matter.
On the contrary, it means that technical objects have the potential to mediate
between two disparate milieus and, from there, to develop a new associated mi-
lieu through concretization. Simondon’s most famous example for that process is
the Guimbal turbine. The Guimbal turbine is a tidal power plant that combines a
turbine and generator into one unit. Its specific engineering is based on the pluri-
functionality of oil and water. The water not only carries energy from tidal
movements into the turbine, but also carries heat away from it. The oil not only
lubricates the generator, but also prevents water from infiltrating. At this point,
water and oil are carrying specific potentials that are mediated through the tech-
nical object. Nevertheless, the process goes further in the case of the Guimbal
turbine, as oil and water create a new self-sustaining milieu. The potentials in the
oil and water have interlinked in such a way as to regulate the transfer of energy
into the turbine and of heat out of the turbine automatically. By interlinking wa-
ter and oil so that their potentials are fully integrated, which re-arranges the bor-
der between external water and turbine, the turbine increases its autonomy, as it
operates without external maintenance. This example shows how technical ob-
jects may interweave different realms and create new relations, not by adapting
to external factors, but by integrating potentials into a functional unit. This is
what Simondon regards as an “open machine.” As opposed to automation, which
mimics human behavior, an open machine conceals a margin of indeterminacy,
which makes it sensitive to external information (Simondon [1958] 2012a, 11).

For Simondon, concretization and integrating an associated milieu are not on-
ly technical improvements, but also elementary conditions of progress. He wrote
that the necessity not only for adapting to a given milieu, but also for relating dif-
ferent realms and integrating these into the development of a functional unit in-
crease autonomy and concretization. “Here lies true technical progress” (Simondon
2012, 50). In contrast, adaptation always refers to something that has existed prior;
as such, it always runs after its conditions instead of affecting them and causing
new ones. This idea of progress is built on a specific kind of innovative acting. In
order to create a self-sustaining technical system, one needs inventive anticipation
that does not draw upon relations found in nature or in other technical objects, but
that is directed toward realizing systematic convergence. Simondon emotionally
wrote that “it is an act of life” to go beyond the given reality and its current system
toward new forms that only exist as they constitute a new system; “if a new organ
appears in the course of evolution, it may only be maintained if it realizes self-
sustaining convergence” (Simondon [1958] 2012a, 52).
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1.4.4 Enactment

The first two heuristic elements, which I regard as articulated through technolog-
ical objects, emphasize structural dynamics that go beyond individual actions:
figures emphasize the continuity of symbols and signs within technoscientific
imaginaries, and technicity understands technological development as conver-
gence guided by material characteristics. In contrast, the third element emphasiz-
es the temporal and situated performance of objects — the acting out of objects. 1
address enactment as a discrete heuristic element of articulations so as to give
space to the contingencies and situated practices of how figures and technicity
come to matter. In enactments, figures and technicity meet and interweave with
materialities, stories, and bodies. Whereas articulation is the temporal sense of
unity in the genesis of technological objects, enactments are the activity of artic-
ulating, as they stress the bringing together of elements. Addressing them as a
heuristic element that is part of articulation puts emphasis on the tangible and
temporal situatedness of action, which beholds dynamics that figures and tech-
nicity do not address.

Much of this heuristic element is inspired by the literature discussed as the
perspective of novelty as differential pattern. From that perspective, objects are
produced as distinguishable units through the temporality of interaction (Dewey
1938; Pickering 1995; Rammert 1999; Barad 2007). They are performed through
the circularity of interactions that mutually constitute an object and subject’s tem-
poral modes of existence. Karen Barad has emphasized in her agential realist ap-
proach the enactment of boundaries that render entities visible. Boundaries are not
a matter of distinctive categories that are given a priori, but are actively produced
in an alliance between humans, instruments, discourses, and contingent agencies in
the world under investigation (Barad 2007). This perspective not only is materially
relevant, but also entails morality, power, and valorizing distinctions. Distinctions
such as, for instance, “art object” versus “scientific object” or “old” versus “new”
are not fixed properties, but relations that need to be enacted and that take their
situational circumstances into account. This entails not regarding the RBO Hand
and Mirage as fixed samples of two institutionalized units in a field. This is not to
say that their contextualization does not matter. On the contrary, it means acknowl-
edging the variety and situatedness of relating and referencing. Enactments stress
the consideration of novelty and difference as repetitively reproduced in resonance
with an object’s temporal and spatial location.

In this regard, situatedness has a twofold meaning. First, it is related to the
term “situated actions” or “practice” as understood by Suchman (Suchman
1987). She introduces the term so as to underscore that every turn of action de-
pends on its social and material circumstances. Rather than considering actions
as based on a rational plan that leads linearly to certain conduct, situated actions
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consider how people use their circumstances to achieve intelligent action. This
understanding of action exists very much in the pragmatist sense, which also
considers the circularity of problem and action that translates contradicting situa-
tions into a temporal state of unity (Dewey 1938). Secondly, the situatedness of
enactments also entails a notion that might also be regarded as interactional
framing. Framings consider the sociality of situations produced through interac-
tions. This is, for instance, how specific gestures, ways of talking, or bodily posi-
tions signify the shared meaning of situations (Goodwin 2000). Wally Smith
investigated, for instance, how presentations of technologies are interactionally
framed and re-framed over the course of demonstrating new functionalities
(Smith 2009). Framings consider primary frames, which are rather stable and set
in advance, like “presentation,” as well as more contingent framings and re-
framings within interactional sequences that occur, for instance, when something
unexpected, such as failing technology, happens.

In her study on protein modeling, Myers considered both meanings of situ-
atedness: as situated action and as framing (Myers 2008). She placed emphasis
on the role of the body in enacting protein models. In the first meaning of situat-
edness, the body is an epistemic tool that researchers use to make the abstract
models present within their epistemic work. By stressing the role of the body,
Myers wanted to capture the interrelations of mental and physical models that
are not to be regarded as dichotomies. In a similar vein, Ala¢ has stressed how
roboticists use their own bodies to make present the inner workings of a human-
oid robot (Ala¢ 2009). In terms of the second meaning of situatedness, Myers
investigates the role of embodiment in public presentations. As such, researchers
use their bodies to make graphical objects tangible, and they employ gestures
and movements in communication with novices in order to flesh out and relay
their knowledge about otherwise only virtual objects (Myers 2008, 180).

In this respect, I consider situatedness as the immediate context of enact-
ments and not only as the historical and institutional setting. Enactments consid-
er how differently objects are put into action in diverse settings — for instance,
how engineers perform the workings of a prototype that is far from realization, in
contrast to how research papers enact that same object. Accordingly, enactments
stress how diverse elements are selected, translated, and articulated as novelty.
Furthermore, they also stress how connections to other objects are made in order
to distinguish the novelty of an object. This includes, for instance, references and
their dependence on a specific framing, setting, and discursive practice.



64 1 Novelty and Technological Objects

1.5 Study Design lI: Abstraction, Critique, and Comparison as
Method

The theories that I collect here to inform what I consider articulations of novelty
formulate heuristics on a high level of abstraction. Authors like Haraway and
Simondon have written philosophies of technology and scientific process that
seek to delineate the foundations of structure and movement, or matter and
meaning. They are close to my empirical investigation of the RBO Hand and
Mirage, as they are concerned with the ways technologies exist, but, in terms of
abstraction, their philosophies operate on a much higher level than my ethnogra-
phies. Nevertheless, I have chosen such abstract heuristics on purpose. Abstrac-
tion allows one to make connections between objects that appear to be very dis-
tant from an empirical perspective. It allows one to see similarities between pro-
cesses that happen in diverse settings, but that also share certain dynamics. In
this regard, articulations entail the ideal types of figures and technicity, but my
delineation of them does not attempt to be as abstract. Rather, articulations are at
a level of abstraction between empirical observation and universal theory. They
are the relationship between what is apprehended and what seems to demand
apprehension; between observing and understanding (cf. Strathern 1999, 9).
Articulations connect what I want to understand about novelty and what I ob-
serve at a particular place in a specific time.

Besides abstraction, another reason for choosing these theories is that each
of them approaches my central tension between relating and individuating — but
each does so differently. Figures ask how stories and narratives reiterate catego-
ries of existence, technicity stresses how material capacities converge in techno-
logical objects, and enactments focus on how interactions create a sense of unity.
Hence, they are all concerned with what I regard as articulation, but each would
answer the question of novelty differently. Potentially differing answers are also
potentials of a heuristic as such, as they give room for answers from a wide spec-
trum and prevent redundancy. With that said, I can express my central research
question in a condensed way and ask: sow do technological objects articulate
novelty? This is the central question of this study.

However, discussing abstraction also raises the issue of critigue. 1 have al-
ready outlined that considering novelty as articulation is an attribution that seeks
to delineate certain qualitative shifts in an object’s becoming. This is very differ-
ent from regarding novelty as a label used in the empirical field. Considering
novelty as a label assigned by actors to promote their technologies as better or
superior lines up “novelty” beside field semantics as “innovation” or “progress,”
which carry the promises of salvation of technological progress. From Hara-
way’s perspective, these are technoscientific tropes charged with values and
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promises. This is certainly an attractive argument, and I want to use her critical
view, but this perspective alone leaves little room for considering novelty as a
specific quality. This does not mean regarding novelty as something “better” like
actors do in the field, but rather allowing a conception of novelty that is more
than semantics enacting a difference from whatever came before. This is certain-
ly the point for Simondon to enter the argument. His philosophy is concerned
with how objects come into being and individuate. Besides this abstract starting
point, his theory of concretization contains aspects through which an object be-
comes qualitatively new. These qualities are, for instance, the tipping point when
different material realms interlink and form a new associated milieu, or the quali-
ty of a concrete object integrating redundant characteristics from each technical
element. These specific technological qualities not only mark an object as differ-
ent from others, but also characterize moments when potentials unfold and create
a distinct kind of efficacy. In my view, this is a unique argument, and Simondon
was a thinker who provided a promising terminology. Nevertheless, he lacked
what Haraway has — an understanding of discourses and the modes of existence
within them. His perspective does not regard the histories that are attached to
specific kinds of objects or that structure the ways objects are enacted as novel.
In this regard, articulations are a matter of combining critical epistemologies that
do not take actors’ constructions of novelty for granted, with heuristics that allow
the delineation of qualitative shifts in an object’s becoming and the material and
semiotic compositions it articulates.

Discussing the theoretical heuristic of this study, including what abstraction
implies, leads to a problematizing comparison. Proposing a theoretical heuristic
implies that the study’s approach cannot be a traditional ethnography — this
would require a more open analysis. Hence, the comparative study design here is
somewhat in between the thick empirical descriptions of ethnographies and the
more theory-driven objective of learning something beyond the empirical case.
This methodological paradox is not new as such and has lately been matter of
discussion, to which I have also contributed a methodological paper on the two
cases analyzed here (Stubbe 2015). In that paper, I developed the comparative
approach that I also follow throughout this study. The methodological paradox is
that, on the one hand, science and technology studies usually argue from the
ethnographic perspective that contexts exhibit different and incommensurable
traits, whereas, on the other hand, comparison involves the investigation of dis-
crete contexts to elucidate their similarities and differences (cf. Strathern 1991;
Strathern 1999; Niewohner and Scheffer 2010; Jensen et al. 2011; Morita 2014).
. In the paper, I broke down the discussion to three entangled issues, which I
reconfigured based on engagements with my own data and Marilyn Strathern’s
approach to analogical comparison. The three issues are: the construction of
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comparability, the perspective from which something is compared, and one’s
own bodily involvement. In the following, I briefly reiterate some conclusions
that sketch what kind of comparison this discussion proposes.

The first issue concerns the construction of comparability. Objects of com-
parison are not “out there” as predetermined units, but are produced through the
research process. Regarding the construction of comparability, Strathern has
written that it is the act of comparison that constitutes relationships, not intrinsic
qualities of phenomena. As mentioned concerning the sampling of the RBO
Hand and Mirage, they are not compared as already institutionalized objects. It is
left to the research process to determine whether particular articulations can be
delineated that make an object identifiable as one of art or science — and, more
crucially here, as a novel object. Such an approach to comparison does not as-
similate two phenomena into a deductive category, but draws lines between dis-
crete phenomena in order to delineate their sameness and difference, as well as to
give image to the continuities that exist across the complexity of situations. In
Strathern’s work, continuities are not articulated as questions of homogeneity,
but as “proximities in space and time” (Strathern 1991, 55). Heuristics as articu-
lation form a kind of integrated circuit between parts that work as significant
continuities that can be delineated as novelty.

The second issue stresses the perspective from which the comparison is
made. Sociologist Joachim Matthes urged the consideration of comparison as a
cultural operation that calls upon the researcher to step back and ask what consti-
tutes the experience of sameness and difference (Matthes 1992). The experience
of alteration is not substantive, but relational — including how the researcher
relates to what is considered different. To articulate her relation to the subject
matter, Strathern made use of Haraway’s cyborg figure (Strathern 1991, 54).
Haraway later articulated her own research perspective by figuring a “modest
witness” (Haraway 1997). Her modest witness is not oppositional to its subject
matter, but implicated and literate, just as it is suspicious and worried. It is inside
the “Net” of stories and agencies and simultaneously learns to avoid its narra-
tives and realities (Haraway 1997, 3). In this sense, I go beyond the position of a
silent ethnographer and instead engage with the actors. I ask about how things
work and take part in conversations; I take the liberty of re-arranging observa-
tions and assembling these into narratives according to my interest in novelty; I
re-arrange what I see and enter into dialogue with the literature that I am familiar
with. This practice allows for going beyond description in order to identify con-
tinuities in two empirically distant cases. A modest perspective enacts connec-
tions that respond to one’s own agency within situations just as it may render
continuities between distant locations.

The third issue addresses one’s own bodily involvement in situations. A re-
searcher’s agency within situations not only matters in terms of intellectual per-
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spective, but also in terms of bodily engagement in situated enactments. In
methodological terms, this urges the implication of oneself in the situatedness of
practices that are simultaneously witnessed. Empirical instances of this study
entail how Deimel and Baecker react to my ethnographic engagement in their
practices. They do so with gestures and rhetorical use of imperatives in their
stories. If an object is enacted as new in such situations, it is referenced as differ-
ent in anticipation of my response. In this sense, I am figured through the situa-
tion, just as my perception figures the subsequent account of what happens. This
might be, for instance, when bodily movements enact objects according to my
presence in the studio and lab, or when my bodily presence in a crowd of specta-
tors influences the following account of public enactments. A modest witness
who is making a comparison needs to consider and use one’s own bodily and
intellectual position in the circuits of materialities, stories, and bodies that articu-
late an object’s novelty.

These issues address the methodological paradox of comparison from a per-
spective of articulations. This paradox is how to account for the situatedness of
events while identifying continuities to define abstract processes. My strategy for
solving this problem entails the pre-setting of heuristic elements, such as figures,
technicity, and enactments, as well as the openness to drawing inductive connec-
tions between cases. By contextualizing what is found in one location with what
is observed in another and relating these to what is already understood concern-
ing a particular question, I identify and name processes that are significant and
accountable across sites. This comparison connects the different temporalities of
encounters, changing literacies, and the flux of questions and contingencies. Its
witness is local, as it is immersed in the net of materialities, stories, and bodies,
just as it moves on and re-arranges what is understood and what needs to be
understood.

1.6 Overview of the Study

The study is structured in three parts, of which the first is the preceding introduc-
tion. The second part is the comparison of the RBO Hand’s and Mirage’s be-
coming. That part includes three chapters, which each capture one articulation of
novelty. These articulations are: identity (Chapter 2), form (Chapter 3), and dif-
ference (Chapter 4). The study’s third part includes discussions and conclusions
that contextualize the findings as well as summarize their main issues.

The comparison of the RBO Hand and Mirage begins in Chapter 2 in a state
wherein both objects have not yet been fully realized. There are stories about the
new project’s origins, traces of tinkering processes, loose imaginaries, and figures,
as well as embodied ways to flesh out what the future object might be like. How-
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ever, there is no natural belongingness or force that dictates how these elements are
connected. Rather, coherence is an accomplishment in this state that requires activ-
ity and effort from the actors. The chapter has its entry point to this accomplish-
ment in following “ideas.” I understand ideas not as cognitive plans or intents here,
but as actors’ categories within stories that signify future objects. They are words
and labels that do something to the object-character of the otherwise loose ele-
ments: ideas connect selected past events into a coherent storyline of an object’s
origins, they refer to imaginaries of larger significance, and they enact a proto-
type’s potentials. Analogously to Mead’s theory of the self, I delineate the articula-
tion of diverse elements in this state as the building of an object identity. This iden-
tity signifies an object’s biographical trajectory; it contains generalized accounts of
other objects and the collective imaginaries that give reason for an object’s opposi-
tional character. In this sense, ideas are necessary for articulating coherence in the
diversity of materialities, stories, and bodies that make an object. Novelty as an
object identity connects diverse and previously loose elements to give body to the
sense of unity that transduces their situated enactments.

Chapter 3 takes a presumably oppositional stance: its main issue is how
technical forms evolve that articulate a distinct kind of physical efficacy. Instead
of creating coherence by acting out an object’s potentials, as done in the previous
chapter, this chapter focuses on how potentials concretize into functioning tech-
nical units. The novelty of a technical form, which embodies a distinct kind of
working, needs to articulate several structural demands. Firstly, actors need to
consider certain functionalities that constitute a type of object. For the RBO
Hand, this is grasping, which demands finger-like elements to bend and capture
items; without that functionality, the Hand will not be a robotic hand. Similarly,
Mirage is a cybernetic machine in terms of its capacity to convert environmental
signals into a contingent and dynamically adaptive output. Secondly, a form
needs to articulate the hybrid constellation in which it is produced and exists as a
working device. This issue stresses that technical functionality is distributed
among different agents: infrastructures, materialities with varying capacities,
mechanics, algorithms, and humans who conduct the constellation. The distrib-
uted character of technical efficacy brings up the critical subject of how one can
speak of novel forms when their efficacy depends on several other agents.
Hence, delineating the novelty of form requires the characterization of the rela-
tion between the new form and the constellation of its existence. Comparing the
RBO Hand and Mirage brings up two different articulations: the RBO Hand
builds upon the constellation of its existence, which allows the simplicity of its
form, whereas Mirage incorporates the agents of its constellation, which increas-
es the form’s complexity. Articulation of a technical form stresses how hetero-
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geneous elements come together and connect and how novelty becomes a mo-
ment when parts click in and work together as a technical unit.

Chapter 4 moves into the discursive arenas of robotics and media art so as
to capture how both objects’ differences are valorized as novelty. Nevertheless,
the comparison has its beginning, once more, in the robotics laboratory and stu-
dio. The discursive enactment of both objects is structured by shared discursive
practices, which influence how the RBO Hand and Mirage are translated into
other entities that make their distinct characteristics travel beyond the immediate
context of their production. For instance, the RBO Hand’s distinct grasping style
translates into a graphical representation that fixes the results from a scripted
experiment that takes place in the laboratory. The central activity for Deimel and
Baecker to make their objects’ meaning intelligible is referencing. Whereas the
RBO Hand’s references are conceptual as well as figurative, Mirage is accompa-
nied by associative references that point out peculiar aesthetic similarities be-
tween scientific technologies. The categories, which the references signify, are
reiterated in the discursive recognition of both objects. These categories are
“compliance,” which marks the RBO Hand’s distinct grasping style, and “the
hallucinating machine,” which is the pivotal trope of Mirage’s significance. The
recognition and reiteration of these categories entails citations by other scientists,
exhibition catalogues, public articles, and awards and prizes, all of which mark
both objects as valuable contributions to robotics and media art. The central issue
of novelty as difference is that difference is not just the relation between one
object and a group of other objects; it also requires the stabilization of categories
that embody that difference. These categories are the focal points of discursive
valorizations and also become those elements of an object that fuel further in-
quiries into novelty from other actors.

Chapter 5 begins Part III by discussing and contextualizing the findings in
light of the notion “aesthetic reflexivity.” The chapter builds upon the study’s
findings and attempts to broaden its scope by connecting certain aspects to the
more general discussion concerning reflexive modes of human-technology en-
gagement in postmodern societies. In so doing, the discussion jumps back to the
initial “simple, but intriguing similarity” and delineates how far the deep materi-
al engagement of technology in science and art signifies a counter-action to the
artificial purification of scientific models and abstract theory. These approaches
can also be found in other science and art projects that draw on implementing
materials instead of theoretical statements and, hence, reconfigure human-
technology-constellations. This kind of reflexivity builds upon aesthetics, effect,
experience, and self-interpretation instead of technocratic self-monitoring. From
this critical stance, novelty opposes technoscientific images of progress and
innovation, as it becomes a matter of experiencing and relating to the heteroge-
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neity of semiotics, literacies, and materialities that are (re-)articulated through
technological objects.

Chapter 6 is the concluding chapter of the study. It begins by answering the
study’s main question and sharpens up novelty’s central tension between indi-
viduating and relating objects. The conclusions include a summary of the com-
parison’s findings as well as a discussion of articulations as a fruitful heuristic to
study the relation between novelty and technological objects. The study ends
with an outlook on future issues concerning the study of technology in contem-
porary societies.



PART Il
Analysis — Three Articulations of Novelty



2 Identity: How Loose Elements are Connected

This chapter delineates novelty as the articulation of an object identity. It at-
tempts to delineate how a sense of unity evolves in a state prior to an object’s
full technical realization, when elements are loose and technically unconnected.
In a certain sense, the chapter addresses the ideas of an object. However, it is not
about thinking, and my argumentation takes a different perspective than that of
regarding novelty as an invention based on ideas. I do not attempt to look inside
Deimel’s and Baecker’s heads and give an account of how they thought of ideas,
plans, or genius inspirations for their objects. In this respect, I agree with the
natural suspicion of sociologists towards processes that are supposed to happen
in minds alone. Nevertheless, it is not only disciplinary provenience that keeps
me from thinking of an idea as something cognitive; what I have observed push-
es the workings of the mind into a peripheral position. Surely, both creators are
clever, creative, and highly technologically knowledgeable, but that was already
obvious before I started my investigation and before each of them attempted the
project of a new object. Still, referring to an “idea” was so repetitive throughout
all the conversations that it seems odd to neglect what this term articulates. In
this respect, I argue that “ideas™ articulate an object identity, as they bring to-
gether the histories and potentials of objects.

Referring to ideas is as repetitive throughout conversations as the term’s
meaning is diverse. For a social scientist, this poses a twofold problem. On the
one hand, diverse connotations make it hard to pin down an idea as a particular
meaning that is inscribed into an object (i.e. as a script), and, on the other hand,
their ubiquitous reference makes it hard to ignore that ideas are somehow related
to an object’s becoming. Latour and Woolgar similarly described this ambiva-
lence when they stressed how difficult it is to ship around thought processes
while investigating “laboratory life” (Latour and Woolgar 1986). Thinking
seems to be integral to the peculiar and mythical existence of scientists and their
creational work, they write. Thus, sociological accounts can hardly keep ideas
out of the analysis of an object’s becoming. Instead of taking tales of inspiration
and ideas for granted, Latour and Woolgar have taken the notion of someone
having an “idea” as a condensed summary of a complex series of processes that
have faded from the immediate situation. Aside from reconstructing the bio-
graphical path an idea has taken, which makes it unlikely for an idea to still be
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regarded as an individual act, Woolgar and Latour also have stressed considering
the accounting practices that create and sustain thought processes (Latour and
Woolgar 1986, 168).

However, their remarks remain rather short. Moreover, most science and
technology studies seem to avoid speaking of ideas. Ideas seem to belong to the
perspective of novelty as invention, which considers the creation of technology
to be based on plans and intention — a paradigm that is thought of as overcome.
Knorr-Cetina has reported that early laboratory studies from the 1970s and 1980s
introduced the notion of practice precisely as a contrasting term to highlight that
“one investigated scientists at work as opposed to the history of ideas, the struc-
ture of scientific theories, or the institutional settings of science” (Knorr-Cetina
2000, 9). The observation of practices and their collective and material ways of
doing became a methodological trademark of laboratory studies, which differen-
tiated their ethnomethodological approach from the history and philosophy of
science. The notion of practice shifts the focus away from mental objects, such
as the interest or intention that inform concepts of action, and toward the contin-
gencies of collective knowledge production among heterogeneous agents. This
shift seems to have swept ideas away from the vocabulary of science and tech-
nology scholars, too.

In this chapter, I do not attempt to work against the paradigmatic shift from
histories of ideas toward practices. I retain a perspective that is concerned with
the material contingencies of concepts (Pickering 1993), the “dirty work” of
aligning ideas and problems (Fujimura 1987), the striving for the immutability of
events (Latour 1987), or the locality of knowledge production (Knorr-Cetina
1988) — aspects stressed through the notion of practice. Thus, I do not open
heads, but try to delineate what counts for an idea, how it is enacted, and what it
articulates — or, to put it another way: what does an idea do? These questions
focus on what ideas bring together and how they enact stories, materialities, and
bodies. Hence, I go beyond Latour and Woolgar’s proposition of stressing the
trajectories that lead to an idea and eventually dissolve from the stories of inven-
tion, and instead avow ideas as significant for an object’s novelty.

My heuristic begins by treating an idea as an actor’s category. This address-
es the stories told when someone speaks of an idea. Nevertheless, I go beyond
semantics and do not reduce my account to verbal or written mention of the term
“idea.” Rather, I attempt to take an idea seriously as a category that is there for a
reason — as an agent that does something. Hence, I follow ideas through diverse
realms and situations in order to inquire about how diverse elements become
coherent and distinguishable without an object’s full technical realization. This
account begins with the stories that have led to advancing the RBO Hand and
Mirage, including the traces that inquiries leave behind in the laboratory and
studio. Whereas the first section deals primarily with the selection and re-
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enactment of past events, the second part of this chapter deals with how ideas
enact the potentials that are to become effective in the future. Here, ideas become
tropic narratives and prototypical embodiments, as well as bodily performances.
Closing this chapter, I conceptualize how ideas articulate an object identity. To
do so, I step into dialogue with the theory of the self by George H. Mead, who
regarded individuation as an interactional process based on responding to the
attitudes of others.

2.1 Enacting the Past through Stories and Their Tangible Traces

This section is concerned with ideas as a matter of enacting the past. It begins
with stories of deviation. Deviation occurred through experimental practice and
stories retrospectively account for them as relevant for the new project. From
these stories, the section moves on and sketches that deviation within material
tinkering leaves traces in the laboratory and studio — but only those traces that
matter.

2.1.1 Stories of Deviation

The RBO Hand and Mirage are not historical monoliths. They have a history — a
story that is narrated as their origin. Unlike what Latour and Woolgar reported,
that referring to an idea erases the path that had led to a thought regarded as
original, the RBO Hand and Mirage have been accompanied by histories that
enacted their trajectories. Such narrative enactments started with referring to an
idea.

“Such ideas develop over a longer period of time.” (Brock, RBO Hand)

Although I had met Deimel several times, and he told me about the idea behind
the hand, it became clear that the trajectory that eventually led him to build the
Hand began earlier. Hence, I approached the director of the institute, Oliver
Brock, and asked for an interview to get an impression of the Hand’s origins. The
director begins his story by stressing that such “ideas develop over a longer period
of time.” It all started in a previous position of his, when he worked with a col-
league who was engaged in computer vision. Together, they thought about what
kind of perception a robot would need for grasping an item. He referred to how
the problem was usually understood in robotics — namely, as a matter of under-
standing the geometry of the item. In contrast, they came up with the “idea” that
geometry might not be very relevant to actual grasping, but that an item’s surface
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already indicates how it is supposed to be grasped. That means, Brock told me,
that the interaction between object and hand leads to successful grasping. When a
human hand grasps an item, its specific geometry is not crucial, human hands
automatically adapt to an item’s shape when they are closed. However, he said,
these ideas are mainly about perception.'> Therefore, he and his colleague moved
on and developed basic perception primitives'", which exploited the ability of
robotic hands to adapt to items’ shapes. Based on that experience, they agreed that
it would make sense to let robotic hands do more work in order to improve a
robot’s grasping abilities. Such a reallocation of capacities could make the percep-
tion and planning of grasping tasks easier. The hand would gain “responsibility”
in such an approach, as it would become more “competent.” Brock continued and
stressed that, in fact, every artificial hand has somewhat of a kind of compliance.
Hence, they started to experiment by using standard robotic hands. Eventually, he
saw a video of a research group that was building inflatable and flexible things
from silicone. In that video, the research group showed how one of those things
was able to pick up an egg. Brock recounted that this was the moment he thought,
“That is the answer.” Brock’s and his colleague’s following plan was to build a
hand as competent as possible, which meant as compliant as possible. Silicone
seemed to demonstrate a way that could be achieved: by giving the hand plenty of
degrees of freedom and enabling the hand to control them — that is, the ability to
comply with an item’s shape by equalizing air pressure. Brock continued with his
story, saying that, by accident, there was a colleague in the faculty who had actu-
ally worked for Disney Research, where researchers had already worked on mold-
ing and inflating silicone. Following that encounter, Brock went to Zurich and had
a look at how the fellow researcher’s group worked and how they fabricated dif-
ferent objects; he had a look at how the whole process worked. When he finally
received his current position at the RBO Lab in Berlin, Brock advertised a posi-
tion for somebody to conduct the project. He assembled all the materials and tools
needed to mold silicone, including the first mold, which had a starfish shape.
When Deimel arrived, he was immediately able to start working on a robot hand
made of silicone.

The story of the RBO Hand, as told by Brock, began with the intersection of
his experience from experiments in robot perception and his awareness of re-
search activities that explore the capacities of soft materials like silicone. Con-
necting both elements, his experience from experiments and the potentials of
silicone was necessary in order to come up with the “idea” of a soft hand for
robotic grasping.

12 Perception is a research domain in robotics, comparable to grasping.
13 Primitives are developed in robotics as sub-routines or basic functionalities that can be com-
bined with different applications.
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Although the RBO Hand has been developed in a setting very different from
Mirage, and its scientific provenience is clearly indicated in Brock’s story, the
stories of ideas still share similarities, as the following narrative shows.

“The finished object is always different from your initial idea. And you simply have
to do something new to investigate it further.” (Baecker, Mirage)

Baecker’s history of Mirage has no clear beginning. Although there are continu-
ous references that he mentions as ideas, it is hard for Baecker to account for
them as starting points or beginnings for that specific installation. Rather, ideas
follow him for a certain time, maybe even throughout several works. He might
discard them once, but then picks them up again later. He told me that there is
always a difference between an initial idea and the finished object. That differ-
ence causes him to build something new to investigate it further, as he said.
Thus, an idea is not a strict plan, but has materialized several times as prototypes,
test structures, simulations, etc. before it is referred to as the idea behind a piece.
A common procedure for Baecker is rebuilding ancient technologies that he has
read about and that are no longer easily available. There are several material
traces of such attempts in his studio. He uses these leftovers to quickly build
something new and see what a mechanical movement might look like so as to get
a picture of its specific aesthetic.

In this regard, his story about the idea behind Mirage also starts with a
technical episode. When he and I were sitting in front of his laptop in his studio
during one of our first encounters, he showed me a simulation that he found
online. The simulation was about sensors that monitor movements in order to
predict subsequent steps. These basic algorithms are used, for instance, by short-
term weather forecasters. Baecker comments on the patterns on the screen:

“But when I feedback, these peculiar patterns evolve. And the idea, the analogy is
this dream story, that you build a machine that hallucinates. A machine that halluci-
nates, or learns, or perceives an image and suddenly starts to process and to halluci-
nate and then re-joins images.”

I asked him whether he actively searched for these things. “Yes,” he answered,
he had looked at different things for a long time. In particular, he looked at artifi-
cial neural networks whose development applied dream analogies, too. He re-
ferred to Helmholtz machines, which are algorithms used to identify hidden
structures in complex data sets. These machines are based on a “sleep-wake
rhythm.” After researching this idea for a while, he began to program something
similar in order to see how it worked and what kind of patterns could be generat-
ed from it. For Baecker, approaching the idea of a “dream story” is to render
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visible the hidden processes of algorithms. He pointed to the screen of his laptop
that was still showing the simulation displayed as a moving grid, and he said:

“It is interesting how these movements evolve and in what direction each point
moves next. [ use such vectors to predict and generate subsequent images.”

The story of the idea behind Mirage is that of an inquiry. The story enacts the
idea as something abstract (a “dream story”) that he had learned about through
investigating technological concepts, and that he approached to make it compre-
hendible. This leads to a series of attempts in which idea and materialization
commonly deviate. Baecker does not use the term “idea” to relate his inquiries to
a specific installation, but states that ideas follow him. They might be discarded
once, but can be picked up again and re-worked.

In this sense, both the stories of the RBO Hand and Mirage relate ideas to
deviations. They are both stories of exploring technological capacities and ac-
commodating resistance. In the two stories, the term “idea” connects past events,
such as when something did not work as planned and deviated from expecta-
tions, and attempts to build something new or to explore something in more
detail. The storytelling of both actors does not refer to ideas so as to indicate the
ingenuity of a single person and, furthermore, does not erase the history of
events that led to a new object, like Latour and Woolgar have stressed. On the
contrary, these two stories use ideas to select specific past events as relevant for
building a new future object.

2.1.2 Material Traces

Both Brock and Baecker indicate that deviation was mainly a result of material
practice and observing the difference between expectations and results. In both
cases, such differences triggered explorations to find solutions or new approach-
es to their specific problems. However, the histories of such explorations are not
just verbally reproduced stories. There are material traces of such explorations,
which do not vanish from the surroundings and places of an object’s becoming,
but remain as materializations of past events.

“Surely, there is an idea in the background that drives you to move on in specific di-
rections.” (Deimel, RBO Hand)

During one of my first visits to the robotics laboratory, I also visited the labora-
tory’s workshop. The workshop is mainly used to maintain the technological
infrastructure. Although the institute does not primarily engage in hardware
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development, and many of their research projects deal with the development of
robotic algorithms that run on standard robotics hardware, the institute’s work-
shop is comprehensively equipped. It is located in a large room with several
tools, such as drills and electrician equipment. The infrastructure and tools need-
ed to work with silicone and to manufacture the RBO Hand are also located in
the workshop. When I was there, most of these tools were placed on one table,
which left the impression that it was a designated place within the workshop
where the material tinkering practices concerning the RBO Hand took place. The
tools on and beside the table included, for instance, apparatuses like a vacuum
chamber and a precision gram scale. Furthermore, there were smaller tools for
handling silicone, like vinyl gloves (for handling liquid siliconees), polyethylene
cups (for mixing siliconees), chopsticks (for mixing small amounts of silicone),
and more general tools, like a cutter, scissors, a metal ruler, and a cutting mat.
There were consumables like silicone, mold sealant, and sewing thread, too.'
The tools were not left in a mess, but not in painstaking order either. The whole
arrangement seemed to be in constant use.

Close to the tools, at another table, lay a primitive version of the RBO Hand
(Figure 5). Actually, it was difficult to call that silicone shape a hand, as it was
hardly possible to grasp items with it. However, the shape was “hand-like.” It con-
sisted of three parallel fingers and a palm. Their size relation was different from a
human hand, as the palm was considerably smaller. This proportional difference
between fingers and palm hindered the shape from capturing items in order to
grasp and hold them. Although this silicone shape did not yet have the crucial
capacity of a robotic hand, it was still significant to the RBO Hand’s material de-
velopment. Its significance is the basal functioning of its assembled materials. The
shape’s main body (fingers and palm) was cast from one piece of silicone, which is
approximately 1 cm thick. An inflexible rubber layer was glued on one side of the
shape. This layer makes the silicone bend inwards when inflated with air. The
whole shape was wound with a thin thread, which prevents the silicone from simp-
ly blowing up and directs the air pressure toward a bending movement. Hence, the
shape could already perform a capacity, which was of relevance for the forthcom-
ing RBO Hand: it deterministically bends when inflated.

As I picked up the silicone shape to have a closer look, Deimel, who was
accompanying me, told me about how they approached the material to use for
grasping. He emphasized that silicone is a material that is rather easy to appro-
priate, since one does not need sophisticated prior knowledge to work or experi-
ment with it. He pressed the surface of the shape softly and said that they, for
instance, looked at how various degrees of softness influenced the material’s

14 I will go into more detail regarding the manufacturing of the RBO Hand in the following
chapter, where I address the Hand’s form.
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behavior. The possibility of varying softness broadened the scope of possibili-
ties, he explained. The silicone shape, which I held in my hand, was part of such
explorations. The sub-optimal size relation of fingers and palm indicated that the
shape was produced in order to explore how to direct and control silicone under
air pressure and not yet how to accomplish grasping, which would require a
different shape or additional material elements. The arrangement of these materi-
als has been significant for the RBO Hand’s development, insofar as it is a trace
of the exploration of the characteristics of silicone.

Figure 5: Hand-like shape in the laboratory’s workshop (own picture).

As already indicated, the stories of ideas concerning the RBO Hand and Mirage
share a similarity regarding their emphasis of deviation occurring in material
practices. I outlined that there were material traces of such explorations in the
laboratory workshop, where most of the manufacturing and tinkering takes place.
In Baecker’s studio, traces of past material explorations were ubiquitous.

“I might have a mechanical idea and then everything coalesces.” (Baecker, Mirage)
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Figure 6: Structure for testing the translation of the electric signal into a
mechanical pull (own picture).

Similarly to the laboratory workshop, there were several general tools, such as a
drill, screwdrivers, and different nippers. More specific to Baecker’s practices were
tools for working with electricity. These included, for instance, apparatuses like an
oscilloscope and a sophisticated soldering station, as well as smaller tools like
special nippers for stripping cables. Furthermore, there were several electronic
parts stocked in the studio. These included small parts, such as cables and plugs, in
addition to more complex ones, such as transformers and electric motor units.
Alongside such analogue equipment, many parts were more specific to digital
technologies, like a whole box of processors and Arduino boards." In one corner
of the studio, there were several wooden boards and metal plates, used shelves and
iron bars. The stock of small bits like screws and hooks were too many to list. Most
of that kind of equipment was sorted in labeled boxes or designated shelves.

There are no finished or already exhibited artworks stocked in Baecker’s
studio. He has a designated separate storage place for those. However, there are
traces of his work in the studio that are more specific than the tools he uses. Prior
to my first visit to the studio, I already knew some of Baecker’s exhibited works.
Hence, I recognized a pile of plates of acrylic glass, which were used for a previ-
ous installation. Baecker told me that they were cut for him and he uses the left-

15 Arduino boards have a large impact on Baecker’s work. I elaborate on these in the upcoming
chapter concerning Mirage’s form.
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overs as the basis for small prototypes and models. One of such models was
arranged on his workbench (Figure 6). It was a plate of acrylic glass in which a
hole approximately the size of a saucer was cut. There was a mesh of strings,
comparable to a spider net, covering the hole. At the center of the mesh was a
wire approximately one meter long and connected to a circuit board.'® The cir-
cuit board produced a signal that made the wire contract and deform the mesh of
strings accordingly. Baecker told me that he was using these leftovers to test how
mechanical pulls translate between materials, such as between the wire and the
mesh of strings. Without getting too precise, he went on and said that mechanical
delays interest him, in the sense of signals propagating through different materi-
als. This somewhat resembles his idea of giving image to the moving patterns of
algorithmic learning. However, when I asked whether it was also a model for his
new installation (which eventually became Mirage), he denied that it was a mod-
el or prototype; it was rather a test for a mechanical idea. He did not yet know if
the idea would be sufficiently realized through the test setup.

At both sites, the laboratory and the studio, one can find material traces of
inquiries that either relate to an idea for an object or that are significantly related
to materializing ideas. However, only selected traces remain. Although it was
probably only by accident that I ran into the hand-like silicone shape and the test
setup in the studio, they shared a similarity that I consider significant to their
remaining. That is, both were unfinished, but already embodied a technical char-
acter. They were assembled from different materials and arranged deterministi-
cally working technical relations. The hand-like shape deterministically bent, and
the test set-up translated an electronic signal through different materials and
actuated a mechanical pull. In this sense, both remained as technical units that
indicated the material feasibility of an idea.

However, both units were not objects that spoke for themselves. They did
not themselves produce a relation to past events, but required enactment to be-
come relevant. Apparently, the spatial proximity of both units within working
environments structured part of their enactment and made them easily identifia-
ble as traces of events that took place there. Furthermore, it was Deimel’s and
Baecker’s stories that made me realize the units’ significance for inquiring mate-
rial feasibilities. In that sense, both stories and materialities articulated what
mattered and what did not. The stories enacted the basal technical configurations
as matters of exploring ideas, not in the sense of finished technical artifacts that
embody a concept, but as material traces of an idea’s exploration. In this sense,
stories of ideas and their material traces select differential patterns that unfold
into past inquiries and articulate them as relevant to an object’s becoming.

16 ~ The wire is hard to identify in Figure 6. At the right bottom of the picture, one can see a small
post. The wire is attached at its top and from there runs into the middle of the mesh.
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2.2 Enacting Potentials through Figures, Prototypes, and Bodies

In the following section, I first leave the empirical sites of the laboratory and
studio and turn toward published narratives, before I return to the locations to
discuss the situated bodily enactment of ideas. The following sections share that
ideas are enacted with an orientation toward the future, instead of an orientation
toward the past as in the preceding section. Firstly, potentials are enacted
through imaginaries and figures, then through a prototype, and finally through
the bodily rendering of future objects.

2.2.1 Ideas and Their Figures

The narratives that I analyze in the following are texts taken from the project
website related to the RBO Hand as well as a text written by Baecker for the
exhibition flyer that accompanied Mirage’s first public appearance. Both texts
were written prior to each object’s technical realization. The website text con-
cerning the RBO Hand was published on the institute’s website right after work
began on the project, whereas the text for the exhibition flyer was written a few
months prior to the finalization of Mirage’s. What matters is not so much the
date of publication, but that both texts enact the significance of both objects apart
from their technical realization based on shared imaginaries and figures.

The Drowsy Human as an Ideal for Robotic Grasping

The institute’s website'” presents several research projects categorized by seven
research domains. Among these, one is labeled “Compliant Manipulators,” under
which falls the RBO Hand. Besides pictures and web videos, the website also
displays a short text that introduces the overall research objectives within the
domain. The text starts with an episode that is not necessarily scientific, but is an
imagined everyday scenario that is comprehendible to public audiences:'®

17 This passage refers the structure of the RBO Laboratory’s website: http://www.robotics.tu-
berlin.de/menue/research/ (last accessed September 11, 2015).

18  The passage cited was copied from the website http://www.robotics.tu-berlin.de/menue/
research/compliant_manipulators/ in December 2014. By September 11, 2015, the wording of
the last sentence had changed slightly, and the website showed a picture of an advanced ver-
sion of the RBO Hand, the RBO Hand 2 (cf. Deimel and Brock 2014).
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“It is early morning and you just woke up. Sleepily you head over to your coffee
machine, grab a mug and hit the switch. You don't waste a thought on what you just
accomplished, while slurping down some black hot goodness.

Why is this seemingly easy process such an accomplishment? First, your delicate
machinery of nerves, muscles and tendons changes its properties all the time, de-
pending on whether you were just asleep, being alert, frightened, or just tired. At the
same time, your senses might not give you reliable information about your environ-
ment, especially when being drowsy after just having woken up. Despite these com-
plications, you grab your favorite coffee with ease!

We want to achieve the same grasping reliability, by using Compliant Manipula-
tors.”

The episode starts with a scenario that is probably comprehensible to all visitors
to the website: making coffee while still half asleep. The protagonist of this im-
agined episode does not execute every single step of making the coffee con-
sciously, but fulfills the task without thinking about it too much. The story inter-
prets this mundane activity as an accomplishment. The text sees the accom-
plishment in the fact that we do not need to be aware of the complex workings of
the human hand in order to fulfill easy tasks like making coffee. In such situa-
tions, the complex mechanics of the human hand work independently of our
consciousness. Interestingly, this aspect of the story entails a paradoxical situa-
tion for the problem of grasping: on the one hand, grasping is a complex relation
between hand, environment, and senses, and, on the other hand, human hands
work somewhat autonomously in mundane situations. The ability of the human
hand to cope with this problem with ease makes it a tool whose “reliability” is
what the research institute wants to achieve “by using Compliant Manipulators.”
I would like to point out two aspects of the story that relate the text to the
larger context of robotic grasping: Firstly, the story has a protagonist whose
senses are dizzy. This “drowsiness” is crucial to the analogy of the human pro-
tagonist to robotics research. In robotics, realizing specific dexterous grasping is
less problematic than fulfilling easy tasks in undefined environments. This is
reflected in robotics literature, which considers grasping in unstructured envi-
ronments as a pivotal research issue of the field (cf. Balasubramanian and Santos
2014; Ben Amor et al. 2014; Dollar et al. 2014). In this regard, unstructured
environments are comparable to the “drowsiness” described in the story, as it
refers to malfunctioning sensors that cannot gather or proceed with sufficient
information about the environment to fulfill a presumably easy task. In the text,
this state does not seem to be problematic for humans, since mundane tasks do
not require totally consciousness of every step taken. Secondly, the language
used in the story is not arbitrary, but typical for robotics research. The anatomy
of the body is described as “delicate machinery” that continuously changes its
configuration in seamless and undetected interrelation with the environment and
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differing states of the body. The term “machinery” entails the complex workings
of intricate mechanical elements. The precision and accuracy of the human hand
makes it a unique tool that is admirable in terms of its delicate engineering. De-
scribing the human body, and the human hand in particular, as an ideal “ma-
chine” is typical for literature on robotic grasping. In his book Robot Evolution
Mark E. Rosheim has reported that the human hand’s complexity has fascinated
scientists and artists for centuries. He described the human hand in technological
jargon as consisting of “a total of twenty degrees of freedom” and “driven” by
approximately forty muscles (Rosheim 1994, 190). In that sense, the story fig-
ures the human body/hand as unique in terms of its complexity and autonomous
functioning. The story uses language that addresses the reader directly and
stresses that we tend to forget the admirable workings of our bodies, which ena-
ble us to fulfill complex tasks easily.

Both aspects, the problem of grasping in unstructured environments and the
complexity of the human hand, are current research issues in robotics (cf. Bicchi
2000; Dollar et al. 2014; Ben Amor et al. 2014; Balasubramanian and Santos
2014). The story of the website provides a pictorial illustration of these prob-
lems. However, I think the story goes beyond illustrating problems in the follow-
ing regards:

Firstly, the story positions the research idea in a larger robotics imaginary.
The scenario reiterates the analogy of human and machine, which is a constitu-
tive signifier of humanoid robotics and well described in science and technology
studies (cf. Riskin 2003; Hayles 2005; Suchman 2007; Castafieda and Suchman
2014). The constitutive relevance of the figure “human” also holds true for the
specific domain of robotic grasping, which is structured through continuous
reiteration of what the crucial aspects of human grasping are in order to imple-
ment these in the design of robotic hands (cf. i.e. Balasubramanian and Santos
2014). Within the story of the website, the human-machine analogy converges in
the term “compliance.” It becomes a buzzword that signifies the approach of the
RBO Laboratory in that domain. Surely, compliance belongs to the common
terminology of robotic grasping (cf. Controzzi, Cipriani, and Carrozza 2014),
but, in the case of the story analyzed here, compliance is signified by referring to
an imagined human scenario, which is tropic, as it articulates associative mean-
ing from diverse realms and categories of existence, namely between human
everyday life and robotic grasping.

Secondly, the story unfolds the idea of solving the problem of robotic grasp-
ing from the same humanoid imaginary. It does not claim to copy human hands
in general, which would also be a sensible thing to do in robotics, but proposes a
focus on the relation of environment and the hand under conditions of insuffi-
cient sensory information. This focus stresses interactions between environment,
hand, and sensors, and is made comprehendible through the drowsy protagonist,
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who wants to make coffee. In that sense, the story figures human grasping as an
ideal, but equally does not propose mimicry of the mechanics of the human
hand; it rather proposes a shift of the research focus, away from sensory infor-
mation toward partial autonomy of the hand. In order to do so, the story does not
draw upon the human hand as a category, but instead renders a human capacity.
The story enacts the reliability of human grasping under the specific conditions
of unreliable sensor information as an accomplishment that is admirable for
robotics grasping. In that sense, the story is not only an illustration of research
problems, but uses the imaginary human realm to signify the shift from grasping
as a planning problem toward an interactional approach that builds upon a more
competent hand. Hence, the story accompanying the RBO Hand is similar to the
figure “human,” as, for instance, described by Suchman. She has addressed how
humanness is selectively enacted in robotics and Al research as categories of
existence that signify the presumable essence of being human and, in this regard,
the humanoid’s boundary position between human and machine (Suchman 2007,
226ft.). Similarly, the story of the RBO Hand figures a specific human capacity
as the relevant criteria for robotic grasping — human grasping becomes an ideal,
in this sense. The story is tropic because it connects an imagined human scenario
with the technical realm of robotics.

Signifying the Dream Story

When asked about the idea for Mirage, Baecker answered with the “dream story”
I have already mentioned above. In that story, he indicated that the figures of his
artwork are drawn from his inquiries into mechanical apparatuses and their com-
bination with contemporary digital technologies. In contrast to the origin story of
the RBO Hand, which Brock mainly characterized as a technological endeavor,
Baecker did not separate his material inquiries from the figures he had in mind.
For instance, he spoke of his intention to “build a machine that hallucinates.” In
his story, technologies and myth entail each other, which is indicated by the
figural language he used to explain what he did at a practical level.

After the interview with Baecker, which was our first meeting, in May
2013, I wrote field notes about the story and was curious about how the figure of
a hallucinating machine would change over the course of building the installa-
tion. Hence, I was surprised that the terms “dream” and “hallucinate” actually
remained within the story that accompanied the finished installation. That story
is a text authored by Baecker prior to Mirage’s first exhibition and was later
published in a refined version on his website" and in the exhibition catalogue of
Mirage’s first public showcase in April 2014:

19 Baecker’s website: http://www.rlfbckr.org/work/mirage (last accessed September 11, 2015).
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“Mirage generates a synthesized landscape based on its perception through a
fluxgate magnetometer (Forster Sonde). A fluxgate magnetometer registers the
magnetic field of the Earth, which is dependent on the suns activity and feeds it into
an unsupervised learning algorithm for analyzation. At the same time the algorithm
that is based on the principle of a Helmholtz Machine ‘hallucinates’ variations of the
previously analyzed signal. [...]

I am speculating that the computers in the enormous Google data-centers cut off
their perception (search queries, user behavior, speech recognition, image data) once
a day and start to ‘sleep.” What do their ‘dreams’ look like?”

In that story, the reference to the Helmholtz Machine, which Baecker had already
mentioned in the interview in May 2013, remains. The reference is crucial because
Geoffrey E. Hinton, creator of the Helmholtz Machine, made use of the wake-sleep
metaphor (Hinton et al. 1995). Hinton applied the term to describe a class of artifi-
cial neural networks, which is a scientific domain that attempts to use biological
neural networks as concepts for building algorithms. The discourse of artificial
neural networks is prominently structured through anthropomorphic figures, simi-
lar to artificial intelligence as such (cf. Hayles 2005). Thus, the term “sleep,” which
Baecker used in the story that accompanied Mirage, is part of the same narrative
realm applied in Hinton’s texts concerning the Helmholtz Machine and Al in gen-
eral. In this respect, one cannot state that the idea of building a “hallucinating ma-
chine” is something that has grown in Baecker’s head alone, and he does not claim
that this is the case. On the contrary, he even reiterates where he took that particu-
lar figure from and informs the reader about existing concepts that combine algo-
rithms and the figures he uses to signify his artwork.

Still, the idea of Mirage seems original and individual in the text. I see the
reason for this in the use of figurative language. Whereas the aforementioned
story of the RBO Hand used an imagined scenario firstly to render a human ca-
pacity as an ideal for robotic grasping and secondly to embed this idea in a larger
robotics narrative, the story that accompanies Mirage extends an existing narra-
tive. The story picks up the wake-sleep metaphor of the Helmholtz Machine and
goes beyond it by playfully leaving the reader with the question, “What do their
‘dreams’ look like?” In that way, the story embeds Mirage in the existing narra-
tive realm of wake-sleep algorithms, but extends it by taking the figure more
seriously than expected, as it moves from “sleep” toward “dream.”

The choice to extend the narrative toward a machine that dreams or halluci-
nates is sensible for signifying an aesthetic installation. Unlike sleeping, both terms
are related to pictures and images created through or within activity. Dreaming and
hallucinating are both activities through which images evolve that are not control-
lable for the mind that produces and perceives them. Both terms implicate generat-
ing images without controlling them. This indicates an interesting tension for an
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image-generating installation. It indicates that the image, which is produced
through the laser projection, is not a controlled artistic act, but a visual technical
process that happens beyond human control and is caused by complex interactions
among heterogonous agencies, such as the Earth’s magnetism and digital algo-
rithms. The text describes the visual image produced through such contingent
technological processes as a “synthesized landscape.” This trope is distinguishable
and significant in its reference to a peculiar origin within the hidden life of the
machine. In that sense, the trope “dream” connects Mirage’s visual aesthetics with
a figurative account of a machine’s hidden agencies.

The figural narratives of the RBO Hand and Mirage continue the object sto-
ries described in the previous section as well as embed these within larger tech-
noscientific imaginaries. Through the figurative language, both ideas receive an
orientation toward the future, which is concerned with potentials and not with
origins. Furthermore, both stories individuate the objects. They reiterate cultural-
ly shared analogies between human and machine and use established narrative
strategies. Nevertheless, both stories also break with the figures to which they
refer. They select very specific aspects of shared imaginaries and alternate them.
Through such narrative diffraction, both stories articulate shared technoscientific
figures, past inquiries, and imagined potentials.

2.2.2 Embodying Material Potentials

“There are many ideas and perspectives, but no dominant form.” (Deimel, RBO
Hand)

The robotics institute’s website not only displays the text that I have interpreted
above, but also displays web videos and pictures. Surprisingly, the website does
not present a sophisticated version of the RBO Hand — not in the beginning of
my ethnography in 2012 and not when I accessed the website in December 2014,
at a time when the RBO Hand was already technically advanced. Rather, the
website shows pictures and a web video of early attempts at using silicone as a
material for grasping. One of these attempts was the starfish mold that Brock
also mentioned as being one of the first shapes they produced after he bought the
infrastructure to work with silicone. The web video is located shortly below the
text and headlined with “Starfish Grabber.”

The Starfish Grabber is made from a single piece of silicone consisting of
six “fingers” (Figure 7). It is clearly far from being a sophisticated robotic hand
— the Grabber is not part of a larger robotic structure, nor does it give the impres-
sion of being technically mature. Rather, it is left in provisional appearance — it



2.2 Enacting Potentials through Figures, Prototypes, and Bodies 89

is attached to a crude wooden stick, and its texture is left uncovered. Apart from
its different shape, it is manufactured similarly to the hand-like silicone shape
discussed above. It has an inflexible inner layer that makes the silicone bend
inwards, and its fingers are wound with a thin thread to prevent them from blow-
ing up. The web video shows the Starfish Grabber attached to the wooden stick
and held by a human hand. The video starts by showing how the Grabber bends
with air inflation. After fading in the headline “Starfish Grabber in Action,” the
human hand positions the Grabber close to an apple, which the Grabber easily
captures with its silicone fingers. Then, another headline that reads “Grabbing
from Suboptimal Positions” fades in. Now, the hand does not position the Grab-
ber above but beside the apple. The Grabber captures the apple from this subop-
timal position, too.

Figure 7: Starfish Grabber (source, Robotics and Biology Laboratory).

This last scene indicates that the Grabber’s soft material is potentially beneficial
for grasping under imperfect conditions, as the material easily complies with the
new surface. In this sense, the Starfish Grabber somewhat materializes the hu-
man capacities figured in the story above. The Starfish Grabber’s ability to grasp
the apple from a suboptimal angle refers to the human capacity to grasp with
insufficient sensory information. Clearly, the Starfish Grabber does not perform
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grasping comparable to that of a human hand, but the video presents what the
text describes as an “accomplishment” that can — in principle — be realized for
robotic grasping as well. Whereas the material trace of a hand-like silicone shape
was enacted as a trace of exploring silicone, the Starfish Grabber is enacted
through the video as an embodiment of the silicone’s potential to perform relia-
ble grasping based on interaction instead of sensory planning.

2.2.3 The Bodily Rendering of Future Objects

In the following, I show that the embodiment of ideas is not merely a storytelling
practice nor exhausted by materializing a specific capacity. Rather, the enact-
ment of ideas is a situated bodily practice. For this analysis, I draw on two video
sequences recorded in the laboratory’s workshop and studio (cf. Stubbe 2015). 1
first describe both situations before I interpret them together.”

“The idea behind it is actually that interaction is of primary importance for grasp-
ing.” (Deimel, RBO Hand)

The first sequence is an excerpt from an interview that I conducted with Deimel
(Figure 8). The interview was part of the same visit to the laboratory that I have
already reported above. The sequence continued after Deimel had shown me the
hand-like shape. By now, we were sitting down at a table.

Besides its hand-like shape, there is another preliminary version of the RBO
Hand lying on a metal box. This particular version is more advanced. It shares
the basic design of the hand-like shape, but has an additional silicone element
that is stronger than the fingers and molded like the ball of a thumb. With the
addition of this element, the palm has a larger surface and better supports grasp-
ing, due to the element’s rounded shape. Furthermore, the hand is connected to
an air compressor and a computer so that its basic grasping function can be
demonstrated.

20  The analysis of the video recordings has been methodologically informed, in particular, by
Charles Goodwin’s sequential interpretations (Goodwin 2000), Hubert Knoblauch’s focused
ethnography (Knoblauch 2001), and Lorenza Mondada’s focus on multiple temporalities that
conflate in material practice (Mondada 2012). Charles Goodwin’s studies also point out ways
to compare small-scale interactions. For instance, he compares interactional patterns in se-
quences of young girls playing hopscotch with archaeologists classifying colour.
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Time

Still of the Video

Transcript

L 00:55

1. 01:45

1. 01:56

Iv.  02:24

Figure §:

Deimel: “You only need one signal: inflat-
ing, releasing. But you can make very com-
plex deformations from that. This is usually
not done in robotics. Typically, electric
motors have very good, linear characteris-
tics. With these rubbers, many interactive
things happen with the environment.
[presses some keys; the silicone hand coils

up]

[positions his spread fingers between the
finger tips and palm of the silicone hand]
1t is sofi.

[puts an artificial apple into the silicone
hand]

When something gets into the hand, its
form adapts to it.

[mimics a round form with his hand; the
apple rolls out of the silicone hand]

This is exactly what we want to make use of
here. That the hand is not steered; where
the fingers have to be or how much pres-
sure or power has to be applied. We create
another kind of communication of the hand.

[takes the apple in his hand, waves it, and
puts it back onto the box]

And we just try to establish as much sur-
face for contact as possible. The more con-
tact surface you have, the better it grasps.
Surely, it does not always work, but this is
generally the basic principle.”

Enacting the silicone's softness and potential for grasping (own

Deimel opens the conversation by explaining the basic advantage of a robotic
hand made out of silicone, which he sees in the low signal processing needed to
enable complex grasping. He points out that this is not a typical approach for
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robotics, which is still dominated by hands operated with electric motors. A
crucial difference between his Hand and others is the “many interactive things”
that happen in relation to the environment. He enacts this in Frame II, in which
he demonstrates the Hand’s softness by easily spreading its fingers with his fin-
gertips and placing an artificial apple into it in order to show its ability to adapt
to its environment. After this practical task, he continues in Frame III by explain-
ing the more abstract principle behind it. His and his colleagues’ idea is to “cre-
ate another kind of communication” for a robotic hand, as opposed to steering it.
In the last frame, the pragmatics of this “communication” are again emphasized
by referring to the importance of the contact surface for good grasping. The fact
that this “does not always work™ highlights the exploratory character of their
novel approach to grasping. The sequence is a bodily enactment of the silicone’s
softness and a demonstration of the material’s potentials for robotic grasping.
Deimel’s body is an interactional resource that connects the material artifacts at
hand, the conceptual ideas behind the hand, and what he regards as my expecta-
tions regarding robotic hands in general.

“The idea now is that you place an elastic element somewhere here.” (Baecker, Mi-
rage)

The second sequence shows Baecker and me in his studio (Figure 9). We are not
doing an interview as I did with Deimel, but casually chat while I observe him
during his mundane creative practice. Baecker is working on a new test structure.
This new test structure consists of different materials than that which I have
addressed as a material trace. It is made from two wooden plates, hooks, thread-
ed bars, strings, nuts, and bolts, as well as customized pulleys and an elastic
element. The two plates are attached through the threaded bars; the space be-
tween them is approximately 40 cm wide. On each plate is a grid of hooks onto
which the customized pulleys are attached. One string is run through several
pulleys from one plate to the other. At one end, the string is not directly tied to a
pulley but to the elastic element, which is connected to a hook.

The sequence begins with Baecker explaining how the new test structure
works. First, he points to the elements that are already in place. He signifies
these by referring to “a kind of delay” that is supposed to evolve through a spe-
cific ordering of strings, pulleys, and the elastic element. In the second frame, he
starts to refer to the anticipated aesthetics, which are supposed to evolve through
a kind of movement that appears to propagate through the structure. By moving
his arm like a snake, he mimics what kind of behavior he would like to achieve.
He emphasizes that this is a challenge. In the following frame, he relies on my
ability to imagine what he has in mind. He expects me to imagine how he will
continue to build the test structure in order to figure out if he will be able to



2.2 Enacting Potentials through Figures, Prototypes, and Bodies 93

Time Still of the video Transcript

Baecker: “When you attach this one, then it
moves...

[points to the pulley]

The idea is now, if you build in an elastic
element; so when I make the movement
here, it arrives over there three seconds
later, as a kind of delay. Then a string is
tightened between the parts.

Then you have a kind of line, which propa-
gates through it.

[makes a snake movement with his hand]
And to have that in several dimensions, so
you have a row. I would additionally hang
that separate.

[orientates his gaze and hands towards the
wooden panels]

.. 80 this is hard.

Imagine this was there in every row, like
four, five times, then I would replace this
hanger with that.

[makes a bow movement with his hand]

So the whole system is hung in two dimen-
sions, totally detached, totally sprung. Only
at every entrance does a signal enter.
[points to the end of the wooden structure]
So there is a motor or a cord entered here
and here.

V. 04:10 And you actually have a wafting area. You
have a wafting area through which this is
wandering through slowly. The best is a
closed circuit that is only triggered once. 1
always had something like a landscape
situation in mind.”

[continues to pull the string through the
eyelets]

Figure 9: Enacting the “landscape situation.” (own video)
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establish the propagating movement within a closed circuit (Frame III). Further-
more, [ should also grasp the image that he has in mind. The first image is a
“wafting area” — an image close to the movement of strings, which lie partly
assembled in front of us. The second image is “a landscape situation” that he had
in mind as an initial idea for the installation. In the sequence, Baecker’s body
connects the rudimentary test structure at hand with the figures of his artwork.
By embodying and acting out the “landscape situation,” the imagined image
becomes part of the shared reality between him and me.

Both situations stress consideration of the objects’ enactments as framed
through interaction. In particular, the stills of the video recordings capture dis-
tinct bodily activities in these interactional framings. Firstly, there are pointing
gestures. They accompany explanations and indicate what Deimel and Baecker
are referring to when they talk (cf. Goodwin 2000). In the second sequence, for
instance, these pointing gestures select those parts of the structure that are de-
scribed as crucial to establishing the anticipated movement. Secondly, there are
gestures that mimic and physically enact the future object. This bodily simula-
tion is a distinctive form of enacting epistemic objects that have not yet material-
ized, but that are referenced in communicative situations. Myers calls such body-
work “embodied imagination” (Myers 2008, 165). In her study on protein model-
ing, she argues that material and mental models are not to be regarded as dualis-
tic, but rather as deeply entwined. Through embodied imagination, researchers
incorporate the inner structures of models and enact them as epistemic objects.
They use their bodies to make graphical objects tangible, and they employ ges-
tures and movements in communication with novices in order to flesh out and
relay their knowledge about otherwise only virtual objects (Myers 2008, 180). In
both sequences, I am such a novice. In the first sequence, Deimel uses his body
not precisely to mimic the Hand, but to enact the distinctive difference of his
silicone Hand from how he expects me to think robot hands typically work. In
order to do this, he demonstrates the softness of the silicone Hand by easily
spreading its fingers with his. He does so without force or additional program-
ming, so I can comprehend the Hand’s compliance. As already mentioned above,
this compliance is a basic principle of the Hand’s distinctive kind of grasping.
Nevertheless, here it is not referenced through a story like above, but through
Deimel’s distinctive bodily movements. In a similar but not identical way,
Baecker makes use of his body, not to enact the test structure as such, but the
idea behind it. The snake movement in the first sequence (Frame II) gives body
to the not-yet-realized aesthetics of the future installation. Its realization might
still be far away, but the image of “a kind of line that propagates through it”
already structures the situation at hand. Both situations are co-produced by my
bodily presence, which is reflected in the specific gestures Deimel and Baecker
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use to enact their objects. I cannot tell whether they would have acted similarly
toward somebody else (probably yes), but, crucially, what the sequences indicate
is that articulating an idea is a situated practice across material assemblages,
bodily movements, and accompanying stories.

2.3 Articulating an Object Identity

For the preceding empirical analysis, I regard ideas as articulations. This stresses
what ideas connect instead of what they make vanish. This is how ideas connect
heterogeneous elements from different temporal, discursive, and material realms
to create a temporal sense of unity. That perspective is the opposite of regarding
novelty as invention, which would consider ideas as plans or objectives. Fur-
thermore, the perspective pushes ideas back into the scope of science and tech-
nology studies, because articulations begin by treating ideas as actors’ categories
that do something. In the following section, I approach the question of what
ideas do in more abstract terms than before in order to delineate how novelty
becomes part of a shared reality. In the following, I sum up four typical articula-
tions of ideas from the preceding section before I turn to the work they do in the
remainder of this paper. I regard this work as building an object identity.

2.3.1 Four Articulations of Ideas

First, an idea articulates selected pasts. The stories in the first section enact past
events, inquiries, and explorations as relevant to how the idea for an object
emerged. They do not enact any elements, but only those that mattered. What
mattered to both actors was the deviation that occurred in material practices.
Brock emphasized that ideas developed over a longer period, through different
experiments and intersections. Baecker similarly reported that a finished object
was always different from an initial idea, and this deviation made him investigate
something further. In this sense, an idea is not a narrative element that erases the
trajectory of an object, as Latour and Woolgar would stress. Rather, ideas mark
selected pasts as relevant and make differential patterns accountable for an ob-
ject’s becoming. This concerns the general production of temporality. The nar-
rated histories of the RBO Hand’s and Mirage’s origins produce their own tem-
poral order by marking what matters and what does not. This marking refers to
an idea and relates its formation to past events. By visiting places of inquiry, one
encounters that marking is not only a narrative practice, but also entails material
traces that sediment past inquiries.
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Secondly, ideas are figurative, which makes future objects relate to and
contest shared imaginaries. This is shown in both ideas’ enactments as part of
larger technoscientific imaginaries. In the case of Mirage, the imaginary was the
story of the idea’s initial expression. Baecker mentioned the dream story and a
machine that hallucinates as the idea that drove him to build Mirage. In the case
of the RBO Hand, imaginary and idea seem to have a different temporal relation.
Brock regards the idea as a logical consequence of inquiries, and its positioning
within a larger imaginary is more a second-order storytelling that signifies the
research approach. However, despite these differences, using tropes made both
future objects coherent, as they relate their respective ideas to a shared imaginary
that signifies the object’s potentials. This is not to say that ideas were mimetic or
representational. Rather, tropes enact ideas as capacities that signify an object’s
future existence and, in particular, its difference. Figures not only relate anthro-
pomorphically to technical realms, but also extend, modify, and contest them in
order to render specific human capacities significantly different from the com-
mon interpretation of that imaginary.

Thirdly, an idea’s potential is not only a narrative promise, but is co-
produced through concretization. This meaning of ideas requires movement
beyond an idea as a semantic term and stresses consideration of material pro-
cesses that open an object to meaning-making. The pragmatic entailment of idea
and materialization is shown, for example, in how Baecker reports that he “might
have a mechanical idea and then everything coalesces.” In this sense, an idea and
its materialization have a twofold relation: a) ideas are inscribed in the engineer-
ing of an object, and b) technical elements need to be assembled in terms of their
internal resonance in order to open up for attribution (Simondon [1958] 2012a).
The second relation was the condition for the Starfish Grabber to exist as a
meaningful object. Its embodiment does not resemble a robotic or human hand,
but, foremost simply works as a functioning unit, since the unit has the capacity
to grasp an apple from a suboptimal position. This technical concretization opens
the object to articulating the feasibility of compliant manipulators and its poten-
tial for advancing robotic grasping. In this sense, concretization co-produces an
idea’s potential.

Fourthly, ideas are situated enactments. The bodily rendering of ideas
brings into focus what the previous sections have implicitly carried or marginally
noted: ideas are enacted in specific situations in response to expectations and
immediate interactional resources. Both sequences capture how expectations co-
produce the performance of what is original or different. I, a researcher who is
interested in the actors’ projects, am inscribed into what is regarded as interest-
ing or worth emphasizing. Both actors address me personally, which entails
addressing my expectations. This includes gestures that mimic or perform ob-
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jects and respond to my bodily presence. Furthermore, in both situations, future
objects are enacted through several interactional resources as stories, materiali-
ties, and bodies. Such resources give body to an idea and connect what was once
separated. Here, ideas articulate immediate situations of materialities, expecta-
tions, and bodies with the images and potentials of future objects.

2.3.2 Object Identities

Now, I want to turn to the work ideas perform and reflect upon the tension be-
tween individuating and relating objects. Whereas the preceding four points
make up a summary of the actors’ meanings of ideas, now the focus is on what
these articulations do to the object in terms of its novelty. In the following, I
approach this question through an analogy.?' This analogy is Mead’s theory of
the human self (Mead [1934] 1967, 135ff.), which I use to think through the
ways in which an object becomes something coherent and significant. My claim
is that ideas, as I have rendered them in the preceding section, work toward an
object identity.”

The Generalized Other: Biographical Trajectories and Kin Objects
Mead’s theory is one that is concerned with the genesis of the self as a social

process. He began his theory by sketching the initial structure from which this
genesis proceeds. In this step, his theory is already marked as one that focuses on

21  Using an analogy is a way to learn something about what is not yet understood through some-
thing that is better understood. In this sense, I want to learn something about objects and novel-
ty, and, in order to do so, use Mead’s theory of the self to find interesting similarities, connec-
tions, or differences in comparison to my analysis. This methodological approach is inspired by
Strathern’s style of analogical comparison (Strathern 1991; Strathern 1999; Morita 2014). To
clarify, I do not transfer Mead’s theory onto my object theory, which would entail claiming
that all a priori assumptions (i.e. that it would be nonsense to assume the relevance of thought
processes for objects), as well as entailed processes, match. Instead, I use selected elements of
Mead’s theory and ask if I can find similar patterns or movements in my material that are sig-
nificant to an object’s novelty in a state of previously disconnected elements.

22 Ideas are part of Mead’s theory, too. Mead’s understanding of ideas as responses to social
demand (Mead [1934] 1967: 180/1) is not contradictory to my analysis. Nevertheless, I see no
epistemic potential in transferring his understanding of ideas into my analysis, as this would
entail giving up the inductively articulated four meanings of ideas. Mead’s understanding of
ideas is too abstract and restricted to his theory of human conduct; the primer offers no epis-
temic resistance for my analysis, and the other would transfer my focus onto conduct and away
from articulations. Hence, when I speak of ideas in the remainder of this study, I mean my ac-
count and not Mead’s.
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the social as explicans. He stressed that what people consider a self is constituted
by the collective’s and individual’s relation to it. Crucial to relating to the collec-
tive is language and the use of symbols that stimulate response. Through reflec-
tive observation of such responses, and the ability to take on another’s role, one
can find or build his/her relation to the collective. A children’s play already en-
tails this process and Mead considers play an initial phase in the genesis of the
self. Whereas play already entails self-awareness, it is the game that requires
handling of the attitudes of the some toward another. In a game, one needs to
organize the multiple attitudes of different players in order to participate and
compete. In order to cope with this complexity, we act upon the collective in a
generalized way — upon the “generalized other,” in Mead’s words. The structure
from which the self is built is the response of the generalized other. From this
understanding, being part of a community is the initial condition for the self’s
becoming, and the self is immanently social (Mead [1934] 1967, 164):

“No hard-and-fast line can be drawn between our own selves and the selves of oth-
ers, since our own selves exist and enter as such into our experience only in so far as
the selves of others exist and enter as such into our experience also.”

What does this mean for the work done by ideas? Mead stressed that language is
a means through which one relates to another. In the beginning of this chapter, I
stress that an idea is foremost a category in the actors’ language. In their first
articulation, ideas structure events as they unfold the trajectories of the inquiries
and experiments that have proliferated something deviant. By referring to an
idea, the not-yet-realized RBO Hand and Mirage are placed in relation to select-
ed past events and receive a biographical origin. This is not a causal relationship
and does not determine the path a technology takes. On the contrary, telling
origin stories is a matter of constructing coherence or a sense of unity in an oth-
erwise messy past — and language is a means to doing so. Furthermore, language
not only structures the biographical route an object has taken, but also a future
object’s position within a generalized collective of pre-existing objects. For in-
stance, the story of the RBO Hand’s origin continuously refers to the Hand as
resulting from a research process within the field of robotics; it refers to the
problem of grasping in unstructured environments, which is a shared problem in
the robotics community and to which the Hand is a response. Similarly, the idea
of Mirage not only signifies the material inquiries that took place in an isolated
studio; additionally, inquiries led to attempts at building objects that were similar
to scientific apparatuses, and hence referenced technologies that were not akin to
Mirage by origin, but via the desired behavior. As such, the idea for Mirage
articulates the Helmholtz Machine into a figurative story. In this sense, the ways
ideas work upon objects is analogous to the power of the language and shared
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symbols that constitute the genesis of a self: they articulate an object’s biograph-
ical trajectory and the generalized collective of kin objects, both of which are the
initial conditions for an object’s identity. In this sense, ideas organize the gener-
alized others that exist and signify the game that is played.

Becoming Distinct through Rituals

The self, or an object identity, is built upon this background. Mead emphasized
that the self is built from interaction among individuals, which in return entails
that the collective exists before the self. Nevertheless, having said that, the ques-
tion remains as to how something becomes distinct. Addressing this question,
Mead continued his argument by stressing that the self arises when one takes
over the responses of the others into one’s own conduct. When the attitude of the
others affects conduct, in the sense that one takes on attitudes and replies to them
with corresponding gestures, then a subjective self comes into being (Mead
[1934] 1967, 167). This is a matter of becoming distinct from others and taking
on attitudes requires self-consciousness. In that sense, Mead said, being self-
conscious and reflectively responding to one’s own position in conduct means
becoming an object to oneself (Mead [1934] 1967, 172).

However, searching for an analogy between self-consciousness and the gen-
esis of an object identity has little potential for understanding how an object
becomes distinct, as Mead’s theory draws on a thinking and reflective human
being that is very unlike the objects that I investigate here. Despite this undisput-
able difference, there is a passage in Mead’s theory in which he proceeds from
the question of how one becomes subjectively distinct toward the special case of
how one reacts against the disapproval of the collective. For Mead, there is only
one way in which we may change the attitudes of a whole group, which is “set-
ting up a higher sort of community which in a certain sense out-votes the one we
find” (Mead [1934] 1967, 167-8). In so doing, one can stand out as oppositional
and go against the world with the potential to change it, or at least the other’s
attitudes. Integral to convincing the other is speaking with a voice of reason, with
“voices of the past and of the future” (Mead [1934] 1967, 168). For Mead, this is
the only way the self can obtain a voice that is more than the voice of the collec-
tive. With a voice of reason, one is not simply bound by the collective, but may
reform the order of things. This speaking out is embedded in social rituals. As an
example, he drew upon a day in court, which is a critical situation wherein the
self is oppositional to the judging other. The defendant may present his/her views
in order to change the other’s attitude. Speaking out is not only a right one has,
but foremost a duty in order to legitimately change the attitudes of a community.
The self is mutually oppositional and part of the collective in this situation.
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Bringing about changes takes place through the ritual interaction that enacts the
distinct positions and roles of participants.

This episode in Mead’s theory on how the self becomes subjective has more
potential as an analogy for an object identity than the previous remarks on self-
consciousness. By comparing Mead’s theory with the four articulations of ideas,
which I outline above, one can draw connections between how ideas organize the
others that exist and how they make an object distinct through basic rituals be-
fore it is fully realized. Similarly to Mead, the first and second articulations focus
on the use of language. In the first articulation, ideas relate selected past events
and future activities. The crucial situation of their enactment is the basic meth-
odological procedures that have brought such stories about: the interview. The
interview requires the ordering of past events and signifying the object that is
about to become. In light of Mead’s remarks, such situations are rituals in which
selected past events are presented as stories of reason that legitimate the position
of the self. In rituals such as an interview, one has to mark what is distinct about
a new object and how its characteristics are a matter of directed explorations.
The object becomes part of a biographical trajectory and distinctly different from
what came before. In their second articulation, ideas are stories that build upon
figurative accounts of shared imaginaries. Mead regarded such stories as “setting
up a higher sort of community.” These stories embed a future object in shared
imaginaries, but also go beyond them, as they emphasize disregarded elements or
extend a narrative. Both strategies entail abstraction in order to set up a higher
form of narrative that mutually allows embedding an object in a shared imagi-
nary and alternating the imaginary. This strategy is similar to the defendant in
court, who gives an account of law through abstracting and relating elements of
his own crime. In this sense, the figures of the RBO Hand and Mirage’s accom-
panying stories are legitimately oppositional, as their deviance builds upon the
beliefs of shared imaginaries. Surely, the analogy is limited so far as ideas do not
make an object fit the common standard like the defendant would try to in court.
What the analogy allows is the connection of ideas and the ways an object is
justified as meaningfully different. In this sense, ideas articulate an object identi-
ty, as they embed an object in the imaginaries of a collective and mutually give
reason to its opposition.

“I” and “Me” as Meaningful Potentials

Continuing with his theory, Mead elaborated on the mutual character of being
part of a collective and becoming distinct. He captures the organization of both
with his prominent distinction between the “I” and the “me.” Whereas the “I”
reacts to the self, the “me” is the organized set of the other’s attitudes to which
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the “I” reacts (Mead [1934] 1967, 174-5). Mead considers the “I” as the part of
the self that responds to attitudes it is confronted with — it is impulsive compared
to the “me,” which mirrors the attitudes of the collective: “the ‘I’ gives the sense
of freedom, of initiative” (Mead [1934] 1967, 177). In that sense, the “I” is the
part of the self that causes diffraction as it moves into the future and pushes off
expectations. Mead wrote that the steps of the “I” are “in a certain sense novel”
(Mead [1934] 1967, 177). Whereas the defendant in the example above mainly
attempts to find a language that legitimizes his opposition, the “I” is pre-social
and not concerned with fitting into the given order. On the contrary, fitting ex-
pectations is how the “me” structures the self.

In the object stories of the first articulation of ideas, I addressed deviation as
a central narrative element. Whereas I consider deviation as a narrative construc-
tion above, in the sense of giving reason to the biographical trajectory of an ob-
ject, Mead’s theory of the “I” suggests taking the material inquiries of the object
stories for granted. If I take the stories of deviation for granted, the inquiries
Brock and Baecker have reported on were structured by an idea with a strong
“L.” Brock reported that the idea of the RBO Hand was a consequence of exper-
iments concerning a different topic. Their experiments enacted resistance that
was accommodated by following a new direction (cf. Pickering 1995). Similarly,
Baecker’s inquiries responded to deviation between his idea and the contingen-
cies of material practice. Analogously to Mead’s “I,” these material inquiries
entail resistance that enforces movement and changing of the given order.

However, this is one way to use the analogy of the “I” and “me” for an ob-
ject identity. However, I do not want to go deeper in that direction, as it entails
giving up a critical stance. Still, there is another aspect in Mead’s theory of the
“I” and “me” that is significant for the work performed by ideas, as I understand
them here. This aspect is the relation between impulses through material inquir-
ies and the expectations of fitting a specific object type or label such as “robotic
hand” or “media installation.” I have already outlined that ideas organize the
others that exist and how they embed an object into the imaginaries of a collec-
tive. Whereas this aspect focuses on how ideas become part of shared meanings
and manipulate them through language, the analogy for the “I” shifts the focus
onto micro scales of accommodating ideas. This accommodation is addressed in
the third meaning of ideas, which captures the co-production of ideas through
material concretization. The example of the Starfish Grabber shows how an idea
gains potential through material assemblages with a technical character. The
Grabber’s functionality indicates that an idea has the potential to solve a collec-
tive problem — namely, solving the collective problem of grasping from subop-
timal positions by using silicone as a material for robotic grasping. This collec-
tive problem is similar to what Mead regards as the “me,” because the problem
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articulates expectations of a new robotic hand. The potential of the silicone re-
sponds to these expectations, not in the sense of a defendant as referred to above,
but by enforcing a new material form, the Starfish, that is uncommon to robotic
grabbers but responds to the collective problem. In this sense, there is a recipro-
cal relation between material impulses and collective expectations. The work
done by ideas is analogous to coping with the struggle between the “I” and “me.”
Ideas articulate impulses and expectations as they enact material potentials in a
form that makes them meaningful to the collective.

Embodiment and Materiality

These analogies raise questions regarding what role materiality and embodiment
play in building an object identity. So far, I have focused on the power of lan-
guage and only stress in the last paragraph how ideas articulate material poten-
tials and expectations. Left out is the embodiment of ideas, either through mate-
rial objects like the Starfish Grabber or bodily enactments as captured in the
fourth meaning of ideas. Surprisingly, the role of the body is somewhat neglect-
ed in Mead’s theory of the self. Although Mead indicated that gestures and or-
ganisms are implicated in an individual’s response to the world, he conceptual-
izes the genesis of the self as a cognitive process (cf. Gugutzer 2001, 70). This is
surprising, so far as Mead was a social theorist who largely attended the physi-
cality and materiality of social processes. If I change my method for now and do
not treat Mead’s theory as an analogy between self and object identity, but rather
take his theory literally as a social theory of conduct, then I can use his remarks
on symbolic interaction to better understand how Deimel and Baecker enacted
their objects bodily and how this enactment pushed forward an object identity.
For this interpretation, I take up how Mead addressed materiality in his philoso-
phy of conduct (Mead 1987).

Mead regarded the physical environment as not exterior to the mind; rather,
he regarded our bodily response as always implicated in how we act toward
material things (Mead 1987, 88ft.). For Mead, we identify the universal character
of things by anticipating how we respond to them. Our response is not naive, but
meaningful through experience and the significant gestures and symbols that we
use to communicate a thing’s character. In that sense, our bodily response to
things is included in how we communicate an object’s meaning (Mead 1987,
103). To a certain extent, there is not much new coming to the forefront if I re-
tell my account of the bodily rendering of ideas with Mead’s words. I have al-
ready addressed how bodily gestures respond to Deimel’s, Baecker’s, and my
bodily presence, and furthermore how they used their bodies to either act out the
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physical character of an object or to enact an object’s material behavior. In both
situations, bodies communicate an object’s character through meaningful ges-
tures that consider bodily presence, just as Mead said.

However, there is another aspect of Mead’s theory that he might not have
focused on explicitly, but which I would like to push to the forefront. It is how
the object’s technical character transduces™ diverse realms (cf. Simondon 2009,
11). Mead randomly addressed this aspect by mentioning how our anticipated
physical response is continued in conduct (Mead 1987, 95). By transducing, I
mean how the silicone’s behavior and respectively the behavior of Mirage’s test
structure continued in Deimel and Baecker’s bodily movements. Though the
bodily rendering of ideas, Deimel and Baecker flesh out the object’s physical
behavior that is not yet realized, but which becomes part of a shared situation
through its bodily enactment. Deimel enacts the silicone’s potential for robotic
grasping by using his fingers to demonstrate its compliance. Similarly, Baecker
continues the movement of his test structure by mimicking a snake movement
with his arm. In both situations, gestures act out those parts of an object’s tech-
nical physicality that are not yet fully realized, but that are meaningful to an
object’s novelty, as they signify its potential to be different. These unrealized
characteristics of an object become part of a shared reality by continuing the
partly realized behavior of material elements in another realm, the body. In that
sense, Deimel and Baecker respond to an anticipated physicality that implies
their experience of physically engaging with the materialities at hand. Their
bodily movements push forward an object identity as far as they enact the miss-
ing, but meaningful, physicality of an object.

To sum up, analogously to and in dialogue with Mead’s theory of the self, I
delineate four aspects of an object identity articulated though ideas. Firstly, ideas
organize the others that exist, as they signify an object’s biographical trajectory
and reference its generalized collective of kin objects. Secondly, ideas articulate
stories in rituals, which embed an object in the imaginaries of a collective and
mutually give reason to their opposition.”* Thirdly, the work performed by ideas
is the articulation of impulses and expectations, as they enact material potentials
in a form that makes them meaningful for the collective. Fourthly, ideas respond
to situations, as they transduce different material realms. In all four of those
aspects, ideas articulate an object identity as they simultaneously individuate and
relate an object; they are necessary for articulating coherence in the diversity of
materialities, stories, and bodies that make an object.

23 Transduction is an operation that propagates from one element to the next (Simondon 2009: 11).

24 In the third articulation of novelty, I address biographical rituals, too. There, I address them as
passage points, like Mirage s exhibition. In contrast to the identity building here, later passage
points require an object’s realized efficacy.
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2.3.3 Novelty as Object Identity

I open this chapter by stressing that ideas have somehow vanished from the rheto-
ric of science and technology studies. Either they are neglected as belonging to the
perspective of novelty as invention, and hence lie outside the ethnographic interest
in differential patterns, or they are shipped around as they evoke associations of
paradigms that are not concerned with the “dirty” practices of laboratories. In the
preceding section, I show that ideas can be beneficial for investigating the becom-
ing of technological objects; given, one takes them seriously as what they are in the
first place: an actor’s category — a trope that belongs to the stories of an object’s
becoming. In that sense, the analysis of ideas is a methodological access point to
studying how symbolic, material, and bodily elements articulate a sense of unity in
an otherwise messy constellation. Furthermore, using ideas as a starting point cre-
ates comparability, as they make up an empirical category that appears in various
situations across cases and sites. Such an approach to ideas is not contradictory to
the practice orientation found in science and technology studies, nor in the more
general perspective of novelty as differential pattern, because it does not take ideas
for cognitive plans or intentions. Rather, it builds upon the symmetrical perspective
that signifies the methodology of laboratory studies and takes into account the
diverse realms via which an object exists.

The genesis of an object identity takes conceptual inspiration from the per-
spective of novelty as biographical passage. Object identities, as understood
here, share with that perspective a concern with novelty as a process of meaning-
making and the conceptual analogy for human socialization. In contrast, I focus
on activities like selecting and re-arranging diverse elements so as to create
meaning that takes the response of generalized collectives into account. This is
different from the approaches summarized as biographical passages so far, as it
connects accounts of collective meaning with the future orientation of actors and
their prototypes. In this regard, object identities can be related to the discussion
of scenarios and expectations in technological development (cf. Lente and Rip
1998; Lente 2012; Schulz-Schaeffer 2013). This discussion elaborates on how
imaginaries and scenarios coordinate collaborative actions. My analysis of ideas
relates to this discussion as far as it shares the interest in stories and how ideas
build a reality that becomes the symbolic habitat of new technologies. Whereas
the discussion mainly remains on a macro level, I add that such realities not only
repeat on a macro scale, but are foremost negotiated with individual objects and
experienced in immediate micro-scale interactions. The object identities deline-
ated here do not simply relate to a larger scenario or general expectations, but
always contest these. Such contestation is an interactional practice across diverse
realms and signifies an object’s novelty.



2.3 Articulating an Object Identity 105

Novelty, in this regard, is the articulation of meaning. It goes beyond lan-
guage, since an object’s individuality and difference is made with materialities,
which remain as traces of differential patterns or embody and signify potentials.
Novelty as object identity is the sense of unity that connects biographical trajec-
tories, shared imaginaries, and generalized collectives, as well as materialities
and bodies that come together in interactional situations. It is a shift from the
unconnected toward joined elements with a shared identity.
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“Ce n'est pas avec des idées qu'on fait des vers, c'est avec des mots.”
Stéphane Mallarmé (1842-1898)

It seems as though the French poet Stéphane Mallarmé challenged what I outline
in the previous section. “We do not make poems with ideas, but with words,” he
wrote. Mallarmé’s poetry is concerned with the force of rhythm, sound, and
changing meaning depending on if a word is read in silence or aloud. In contrast,
I have followed ideas that articulate an object through diverse realms and deline-
ate how something coherent, something with an identity, comes into being. Mal-
larmé’s approach to poetry was revolutionary, as he took the opposite approach,
but nevertheless with a similar aim. He crafted language and put words together
according to their tonal and musical qualities, not focusing on their shared mean-
ing in the first place. Playfully, he conducted the ambiguous meanings this new
grammar produced; he described this inventive approach to language as “paint,
not the thing, but the effect it produces.”

Whereas linguistic sciences regard Mallarmé as the most symbolic of sym-
bolist writers, I would regard his approach as technical — and not exactly tech-
nical in an instrumentalist sense, as a means to an end, but in Simondon’s sense
as guided by an internal fitting of elements. The initial concern of such an ap-
proach is less about instrumental application, and more about growing the organ-
icity of single components that form a functional unit according to their internal
resonance — like a chain, sprocket, and hub that form a drivetrain independent of
its application in a bicycle or motorcycle. By assembling elements according to
characteristics that enfold in their coupling with others, objects gain a technical
character, or technicity (Simondon [1958] 2012a). However, growing technicity
does not close a technical design in its shared meaning; on the contrary, it opens
an object up to external information and attribution. As in Mallarmé’s approach
to poetry, technologies become meaningful through the relation of their elements
and their efficacy as a novel unit.

In the following section, I focus on how such technical units evolve. Similarly
to the preceding chapter, embodiments play a crucial role — however, not as enact-
ments of ideas and potentials, but as technical forms that realize a working of ma-
terial elements together. The focus is how technical elements and features are as-
sembled according to their fitting, and how they become technology in the sense of
concretized relations in a functioning unit. In the previous chapter, objects are
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articulated as ideas that made previously loose relations coherent through diverse
realms. Retrospective stories, material traces, discursive figurations, and bodily
renderings structure the becoming of an object identity; these diverse enactments
share that they are able to enact an object according to its future potentials, in the
sense of giving meaning to what is about to become. In contrast, the present section
focuses exactly on this becoming. However, this is not to be mistaken as a second
stage or subsequent step. Rather, it articulates novelty in a different form — not as
signifying the difference between what is given and what is potential, but as a
technical form whose novelty is articulated through its efficacy. This could also
occur in early prototypes of an object or through the advancement of already ap-
plied technologies. What makes such articulations distinct is the technical character
of their enactment and their physical functioning.

What do I mean by stressing a technical form? Speaking of form seems a
little bit old-school. Form brings to mind the four causes of Aristotelian thinking.
According to these, change and movement result from a) matter or materiality,
such as, for example, the gold in a ring (causa materialis), b) the form or shape a
material enters, such as thin, round, and hollow (causa formalis), c) the end, as
symbolizing marriage (causa finalis), and d) the effecting cause, which brought
about a change or movement, such as the jeweler who crafted the ring (causa
efficiens). Stressing the technological form appears as singling out one of these
causes and limiting explanations to one determining element. Indeed, in this
section, I focus on how an object enters a technical and material shape. Singling
out one cause in order to ask what technology is has been widely criticized.
Heidegger, for example, stressed that the causes blind what connects them. Sin-
gular causalities block asking for the technological “essence,” which he regarded
as a “revealing” of the world (Heidegger 1977, 6ff.). Inspired by Heidegger, but
from a sociological perspective, Rammert has urged that one cause always falls
short of explaining what constitutes technology. Only taking into account mate-
rial, technical, functional, and practical dimensions may capture the realms
through which technologies exist (Rammert 1998, 294-5). It is not my aim in this
chapter to contradict these opinions; on the contrary, I agree with and even build
upon some of their issues. However, 1 see questions of form as not sufficiently
addressed, particularly when inquiring into novelty and innovation. Social sci-
ence perspectives eagerly stress how material resistance causes differential pat-
terns (causa materialis) (i.e. Pickering 1995; Rheinberger 1992), how embed-
dedness in social contexts shapes the ends and meaning of technological objects
(causa finalis) (i.e. Kopytoff 1986; Pinch and Bijker 1987; Daston 2000; Rogers
2003), or how individual creativity manipulates the material and social world of
artifacts and leads to inventions (causa efficiens) (i.e. Joas 1992; Schumpeter
2000). However, such approaches fall short of explaining how artifacts open up
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to meaning-making because they work, because they function in a manner that
exploits the capacities of their elements due to their allocation (causa formalis).”
This is, for example, how a solid and flexible chain adapts to a round sprocket,
while still being resistant enough to transduce the energy that drives a hub. Tak-
ing form seriously argues that allocation of elements constitutes an object’s
mode of existence. This is, for example, arguing that concretizing the allocation
of chain, sprocket, and hub into a functional unit opens this unit up for applica-
tions such as the drivetrain of diverse vehicles.

Hence, stressing form focuses on a technology’s material becoming. Ernst
Cassirer regarded stressing form as shifting focus away from technology as a
product toward its mode of producing and the structuring forces that are revealed
through it (Cassirer 1985, 49). He urged the understanding of technology from
its coming-into-being; the form not only expands agency, but changes agency in
a qualitative sense, which entails the potential to reveal a new aspect of reality
(Cassirer 1985, 53). His understanding of form is active and might be compre-
hended through its verb forming, or process formation (cf. Hoel and Tuin 2012,
192). In that sense, he regarded technology as similar to language, as both were
means to accommodate and construct the world: language through lingual-
theoretical thought and technology through its material functioning. Hence, giv-
ing materialities a technical form is equally assembling and revealing the world.
This thinking is similar to Simondon’s concretization, which he regarded as
individuating towards a technical essence and becoming agential or effective in
the world (Simondon [1958] 2012a, 19ff.). The technical form, in that sense, is a
shape less defined by a specific morphology and more by the relations that are
stabilized through it. Based on Cassirer and American pragmatism, Rammert
understands the technical form not as being defined by its matter, but by its effi-
cacy in stabilizing relations. The technical form is a situatively found, tested,
perpetuated, and repeatable sequence of activities with predictable outcomes that
can materialize through symbols, matter, and bodies (Rammert 1998, 308).
Based on these remarks, I regard a technical form as a functioning and stabilized
set of relations whose elements become effective through their sequential order.
In relation to novelty, this brings about the two relevant questions. what does a
technical form articulate, and what is novelty in this regard?

Still, I want to emphasize that asking how a technical form evolves is an ana-
lytical focus that I regard as neglected; it is not meant as explaining form through
formation or seeking other determinisms. In this regard, I see agency as a pivotal

25  Some might argue that form and formation are major concerns of Actor-Network Theory
(ANT). That is right, but not in terms of novelty. In ANT-studies, processes of form are usually
considered as delegating action to material entities; this is rather related to questions concern-
ing power and less to expressing novelty (cf. i.e. Latour 2005; Law and Singleton 2005).
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concern. Generally, inquiring into technical form empirically suggests symmetrical
approaches of human and non-human agency, as proposed by scholars influenced
by Actor-Network Theory (ANT) (i.e. Latour 1987; Akrich 1992; Mol and Law
1994). Their empirical perspective regards material entities as agents in construct-
ing the social world; they bring in the “missing masses,” as Latour would say
(Latour 1992). However, other scholars who have urged material agency, too, have
stressed that the semiotic symmetry of ANT dead-ends when it comes to explain-
ing “intentionality” (Pickering 1995, 17), like plans and anticipating scenarios, or
processes of “sense-making” (Rammert 2008, 8) that give meaning to technologies
and artifacts. Simondon, whose philosophy somewhat pre-empts ANT’s trademark
acknowledgement of material agency, also stressed that concretizing technological
objects requires an inventive anticipation that organizes the relation of technical
entities that only exist after constituting an object. In that sense, anticipative think-
ing conditions the present through the future, as it imagines the structural condi-
tions through which new technical forms evolve (Simondon [1958] 2012a, 53).
Regarding the four causes, this means that materiality, meaning, and human action
take part in the genesis of a technical form, and each with different impacts. How-
ever, in the style of ANT-scholars, I regard their agency as an empirical question
addressed from their enactment and impacts and not from their a priori status as a
category of existence, like in Aristotelian teleology or anthropocentric social theo-
ries. This includes how agency is distributed in hybrid constellations (Rammert
2008; Rammert 2012) and how their heterogeneity stimulates the processes that
give an object its form.

As outlined, my understanding of form is active and concerned with processes
of becoming. This places the focus on the openness of processes through which
new forms articulate novelty. However, nothing is totally open or naively new.
There are conditions, such as technical requirements and histories of technologies
that precede objects. In the previous section, I address such kin objects as the gen-
eralized collective to which an object identity relates, like the collective of robotic
hands for the RBO Hand. The focus of that section is discursive processes that
figure an object’s meaning. In this section, I want to introduce a similar notion that
captures how an object becomes one of a specific type, but, instead of discursive
relations, I regard specific technical features as typical for a type of object. These
features are part of the form, but, instead of emerging as an object’s novelty, they
are elements that continue through different objects of a type and constitute a
shared understanding of what design features commonly belong to objects of that
type. I consider the sum of such features a format. The format defines what fea-
tures a form needs to embody in order to become a specific kind of object. Hence,
the format is a trajectory of stabilized technical relations that shapes a group of
objects. In the following, I describe two of such formats: robotic hands, which is
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the format of the RBO Hand’s form, and cybernetic machines, which I regard as
the format of Mirage. These formats define the technical features that I bring along
to compare the forms of the RBO Hand and Mirage.

An empirical challenge of this paper is the selection of which object state is
stable enough for a comparison of forms. Whereas the genesis of Mirage proceed-
ed toward a “natural” empirical climax, which is its first exhibition requiring stabi-
lized functioning, the RBO Hand does not have such an endpoint for its develop-
ment. Even public enactments through research papers stress the Hand’s prelimi-
nary status. This difference indicates the sampling problem of this ethnographic
comparison: although both technologies share similarities, their designs follow
very different cycles. Hence, it makes little sense to compare both objects’ forms in
a step-by-step description of the design work, which would also demonstrate bias
toward a causa efficiens. Instead, 1 consider the accumulation and stabilization of
technical features as sampling criteria and as a comparative structure. In return,
deciding what stabilization is sufficient to be regarded as form can be linked to
decisions made by the actors: for the RBO Hand, that reference state is when the
Hand functions with enough stability to do experiments with publishable results,
and for Mirage, as has been said, that state is its first exhibition. These states are
the reference states for analyzing the novelty of both objects’ forms.

I begin the analysis by sketching the two formats of robotics hands and cy-
bernetic machines. From there, I turn to the RBO Laboratory and Baecker’s
studio and describe the hybrid constellations of material inquiries. That section
addresses the problem of agency mentioned above. In the following section, I
will compare the RBO Hand and Mirage’s form. The comparison is structured
according to the technical features, which I have summed up as formats. Con-
cluding this chapter, I address the relation of novelty, form, and hybrid constella-
tions before I close with a detour into two techno-aesthetics.

3.1 Formats and Their Technical Features

In the following, I sketch typical technical features of the formats of robotic
hands and cybernetic machines. The formats capture the technical structure,
which is typical for such objects and their engineering. Comparing the relation of
the RBO Hand to the format of robotic hands with Mirage’s design and its rela-
tion to cybernetic machines is somewhat problematic. The problem is in assign-
ing the RBO Hand and Mirage a specific format. Whereas assigning the RBO
Hand to the format of robotic hands is easy because the typical features are easy
to identify and the actors label the Hand as such, assigning Mirage a format is an
interpretative task. Interpreting Mirage as a cybernetic machine is ambivalent, as
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Baecker referred to an artificial neural network as a related technology and did
not mention cybernetics explicitly in relation to Mirage. In that sense, categoriz-
ing Mirage as a cybernetic machine is, by my account, based on similarities in
their technical features. However, I have to admit that this account is not only
my own analysis of how far Mirage’s technical features were previously embod-
ied in cybernetic machines from the 1950s and 1960s. Baecker pointed me in the
direction of interpreting Mirage as a cybernetic machine, by mentioning Ross
Ashby’s Homeostat in a presentation that he gave about his general artistic ap-
proach. Nevertheless, that presentation came prior to the development of Mirage
— and, more crucially here, was a discursive reference similar to his enactment of
artificial neural networks akin to Mirage. Where the focus is here, in contrast, on
the technical features that several objects share and that the RBO Hand and Mi-
rage have embodied and/or contested. In that sense, the following features map
the typical technical structures of both formats.

3.1.1 Technical Features of Robotic Hands

Paying attention to a robotic hand’s technical structure makes the fragmentation
of robotic grasping as a research field comprehendible. In robotic-hand literature,
this field is segmented into functional bits that enable research to be precise
about what problem is being contributed to. Controzzi et al. wrote a review on
the design of artificial hands, for which they did not consider their development
as a linear evolution as did Rosheim, but in terms of how different design fea-
tures of robotic hands developed. They pointed out five®® issues that the design
and development of robotic hands should consider (Controzzi, Cipriani, and
Carrozza 2014, 225ff.). These rather abstract issues, which also appear in several
other technologies, can be used for structuring the typical technical features of
robotic hands.

1. Kinematic architecture: The kinematics of a hand capture the choice of
(controlled) degrees of freedom as well as the numbers of joints and actuators to
trigger the movements. Thus, it directly influences the performance of a hand.
For instance, the Salisbury Hand consists of nine degrees of freedom, nine joints
(three on each finger), and twelve actuators, a number perceived as the minimum
for achieving dexterous manipulation. The higher number of actuators compared
to its degrees of freedom increases the potential dexterity of the hand. However,
the choice of more actuators than joints is a trade-off, as it also yields to bulkier
and more complex systems and controls. To tackle this issue, systems with cou-

26  In the original article, they point out six, not five, features, but I will address “anthropomor-
phism” in other sections of this study.
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pled transmission and “underactuation” have been developed (Controzzi,
Cipriani, and Carrozza 2014, 226-7). A kinematic architecture is generally re-
ferred to as underactuated when the system has fewer inputs (controlled signals)
than outputs (degrees of freedom). This design principle employs differential
mechanisms, mechanical limits, and elastic elements. The advantage is automatic
adaptation to the shape and contour of items that are to be grasped, and therefore
an increase in contact area and, hence, stability. An early but still representative
example of underactuated mechanisms is the soft gripper developed by Shigeo
Hirose, which is able to softly and gently conform to objects of any shape and
hold them with uniform pressure.”” One modern example is the SDM Hand,
whose authors emphasize that it performs a wide range of grasps by using only a
single actuator (Figure 10) (Dollar and Howe 2010).

Figure 10: The SDM Hand (source, Dollar and Howe 2010).

2. Actuation principle: The actuation principle specifies what is used to do the
work that muscles do in human hands. The main actuation principles are DC

27  The system was inspired by snake movements. Its inner workings can be comprehended here:
http://www-robot.mes.titech.ac.jp/hirose/robot/snake/sg/sg_e.html (last accessed September 5,
2014).
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motors, pneumatic or hydraulic valves, and shape memory alloys. Most robotic
hands are actuated by electrical motors. Their main advantage is their precision
and ability to store electrical power in small batteries. Pneumatic actuators, how-
ever, have the advantage of showing inherent compliance caused by the fluidity
of the material used for power transmission. This compliance is an advantage in
terms of safety during human-robot interaction, “but, since it is difficult to
modulate, it becomes a disadvantage during the execution of precision tasks”
(Controzzi, Cipriani, and Carrozza 2014, 228). Furthermore, pneumatic actuators
allow integration of the actuation transmission with the fingers, which makes
possible compact and lightweight designs (Schulz, Pylatiuk, and Bretthauer
2001). An important index for comparing actuation principles is the power-to-
weight ratio of a system, which provides an idea of its power density and is use-
ful, especially when lightweight solutions are being sought.

3. Actuation transmission: The transmissions of actuation can be divided in-
to different classes: tendons, linkages, gear trains, belts, and flexible shafts. The
choice of a particular system has to take into account how to minimize friction,
backlash, and inertia while maintaining small overall size and weight. Most
commonly, flexible tendons run into sheaths, analogous to tendons in the human
hand. Their main advantage is allowing actuators to be located remotely from
joints and, hence, reducing the dimensions and weight of the fingers. However,
friction between tendon and sheath introduces non-linear effects and reduces
efficiency. For instance, the Salisbury Hand uses tendon-based actuation trans-
mission for dexterous grasping, but suffers from early fatigue.

4. Sensors: Sensors in a robotic hand allow for the assessment of infor-
mation about interactions between the hand and the item being grasped, between
the item and its environment, (e.g. whether the item slips or remains steady on a
surface), and about the status of the hand, such as the positions of fingers and
joint movements. The main sensor types are force and position sensors. Most
force sensors use strain gauges mounted on a deformable structure. For instance,
the tension of the tendons in the Salisbury Hand are controlled by implementing
strain gauges at the base of the idle pulley support. Other force sensors are, for
example, tactile sensors, which measure changes in electric resistance in propor-
tion to pressure on the top and bottom of a thin film that is implemented on fin-
gertips and palms. Position sensors are usually indirect measurements, such as
optical encoders, which inform the system about current finger configurations
and positions (Controzzi, Cipriani, and Carrozza 2014, 234-5).

5. Materials and manufacturing method: Like any other mechanical objects,
the choice of material affects most of the features of a robotic hand, such as its
weight, compliance, or strength. As in all engineering fields, there are many
factors taken into account for the choice of materials and their manufacturing
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processes. Constraints for the choice of materials in robotic hands are, for in-
stance, the range of possible wall thicknesses or corrosion. Robotic hands are
usually assemblages of different materials that vary among components. In state-
of-the-art hands, compliant materials are becoming popular. One of their ad-
vantages in the manufacturing of joints is that they avoid a number of compo-
nents, such as pulleys, axes, or torsion springs, which results in a reduction in
joint sizes. Moreover, on the surface of a robotic hand, compliant material pos-
sesses specific capacities that are investigated analogous to human skin. The
force-deformation characteristic of human skin on fingertips plays a fundamental
role during precision grasping and manipulation. The usage of new materials is
also encouraged by the introduction of new manufacturing processes that allow
rapid prototyping. Whereas design and fabrication of a prototype using tradition-
al machinery techniques is a rather long and expensive process, technologies like
3D—pr2ignters allow materialization of a conceptual design rapidly and at low
costs.

3.1.2 Technical Features of Cybernetic Machines

As mentioned, Mirage is not as clearly a cybernetic machine as the RBO Hand is
a robotic hand despite its deviance in several features. The following features are
significant for cybernetic machines and map their technical structures. However,
mapping these features is problematic, as cybernetic machines are primarily
labeled as such due to their philosophical or epistemic value and not their shared
technical features. Furthermore, machines developed in cybernetics are techni-
cally more diverse than robotic hands, which have a stable functional core
(grasping) across the range of different hand designs. Thus, the following fea-
tures are aggregated from different technical (Miiller 2014) and historical
(Hayles 1999; Pickering 2002) sources, and I consider them typical features of
cybernetic machines as embodied in some of such machines most prominent
examples. Nevertheless, the listed features are highly selective and guided by my
prior knowledge about Mirage’s technical structure. In that sense, these features
are what you (the reader) need to know about cybernetic machines in order to
comprehend how far specific technical features have a history as a format.

1. Embodiment: Stressing the materialization of machines is not a tautological
discussion for cybernetics. That is, cybernetic machines are commonly embodi-
ments of abstract concepts that claim to be generalizable similar to theories that
could also be made intelligible through mathematic symbols or language. Howev-

28  Compare, for instance, the Open Hand Project that aims to make robotic prosthetic hands more
accessible to amputees: http://www.openhandproject.org/ (last accessed September 10, 2014).
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er, strands of cybernetics that are particularly concerned with technological ma-
chines seem to have a more significant relation to building machines that embody
their concepts.”” A historical example for this relation is a letter by Alan Turing, in
which he proposed to cybernetician Ross Ashby that Ashby should run his “special
machine,” which later became known as the “Homeostat” (Figure 11), on Turing’s
Automatic Computing Engine as a simulation.’® As history has shown, Ashby
declined Turing’s offer and built his special machine as an embodiment of what he
called an “ultrastable system.” The turn to building machines instead of an episte-
mology of symbols has encouraged Pickering to acknowledge cyberneticians like
Ashby as ancestors of his Mangle of Practice. According to Pickering, the ma-
chines built by Ashby, Stafford Beer, and Gordon Pask are “all about this shift
from epistemology to ontology, from representation to performativity, agency and
emergence” (Pickering 2002, 414). This turn to agency through embodiment is
similar to Mirage. As mentioned above, Mirage is narratively related to artificial
neural networks, which are, first of all, algorithms based on symbols. For Mirage,
in contrast, Baecker attempts to give body to the abstract concepts of such learning
algorithms. In that sense, he refuses to continue with his “hallucinating machine”
as algorithmic symbols, but turns to a material embodiment of such concepts, simi-
lar to Ashby’s reaction to Turing’s offer.

2. Input signals: The pivotal topic of cybernetics between the 1950s and
1960s was homeostasis (Hayles 1999). Homeostasis is the ability of organisms to
maintain a steady state in disruptive environments. Cybernetic machines per-
ceive environments as input signals. Signals can be: electronic signals like elec-
tricity, voltage, and induction; mechanical signals like pressure, torque, or accel-
eration; other signals like temperature or light. Considering input signals as a
technical feature of a cybernetic machine stresses that its design determines what
signals are actually perceived by the sensors and, hence, what the environment
actually is. Ashby’s Homeostat is based on electric input signals that pass
through a coil that generates a magnetic field, which makes a needle rotate in a
specific direction. Nevertheless, input signals that stimulate cybernetic machines
are not any kind of electric, mechanical, or other signals. What makes them sig-
nificant is that input signals are not stable or determinate in their frequency and
amplitude. Rather, cybernetic machines are stimulated by input signals that are
random and unpredictable. In Ashby’s Homeostat, this is shown in the varying
current stimulating the needle. A better example, however, is the varying degrees
in temperature, which make a thermostat a sensible device.

29  Of course, turning to embodiment is significant only for certain strands of cybernetics. For
others, the opposite is even true. Hayles, for instance, has stressed that the cybernetic figure of
the human being is dramatically bodiless (Hayles 1999, 4).

30  Letter by Alan Turing to Ross Ashby from November 1946 and source of Figure 11 accessible
via the Ross Ashby Digital Archive: http://www.rossashby.info/ (last accessed: March 4, 2015).
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Figure 11: Ross Ashby’s Homeostat (source, The W. Ross Ashby Digital
Archive).*

3. Converter: After sensors have perceived random input signals, they are con-
verted within the main technical body of cybernetic machines. What I have sim-
plified to call “converters” here are actually what require the most inventive
effort of cybernetic machines. I use the term in a very broad sense, meaning a
technical device or system for altering the nature of an input signal and passing it
on toward an output. Hence, converters are functional units for manipulating and
transmitting signals, within which input and output and their temporal effects are
placed in relation to another (Miiller 2014, 6). A thermostat is a converter that
aligns varying temperature with a predefined target value; their difference ma-
nipulates the heating system to regulate its state. Similarly to input signals, many
technologies implement converters, for instance, to convert analogue into digital
signals, or AC into DC. In that sense, converters embody a main concept of cy-
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bernetic machines, that is, feedback loops. In cybernetics, feedback loops are the
flow of information between an organism and its environment.”' Long before the
advent of cybernetics, the centrifugal governor, engineered by James Watt in
1775 and from then on used in steam engines to regulate steam flow and stabilize
their output, is already a regulation device based on feedback loops. In cybernet-
ics, the same concept became matter of theory-building and the focus of the
discipline’s constitution (Hayles 1999, 8). Feedback loops regulate information
flows not only within systems, but also between system and environment.

4. Output signals: Considering output signals now is a logical step, but also
requires a few words to explain what makes them significant for cybernetic ma-
chines. Firstly, converters regulate and manipulate output signals. Equally, out-
put signals of a mundane thermostat or those of Ashby’s Homeostat are signals
that are aligned with the condition of their environment. Secondly, output signals
can be either of the same signal type as input signals or transformed to another
type of signal. The thermostat and Homeostat are both examples wherein the
signal type does not change; signals remain either as temperature or electricity.
In contrast, the aesthetic devices of Gordon Pask transformed signals into anoth-
er signal type. For instance, his Musicolour Machine is based on a feedback loop
running from the human performer through a musical instrument that converted
electricity into sound and light, which was then fed back to the performer
(Pickering 2002, 427).

3.1.3 Formats and Their Core Functionalities

The relation of format and form is different in both objects’ becoming. The RBO
Hand is closely related to the common features of robotic hands, as these capture
essential parts of the shared engineering knowledge in the field of robotic grasp-
ing and are issues that can be contested through alternative designs. The features
list the common technical necessities for engineering the functional core of ro-
botic hands, which is grasping. Grasping is the basic functionality that structures
any robotic hand’s material form. The RBO Hand can explicitly contest such
features in order to make its novelty comprehensible. For example, research
could explicitly aim at rendering sensors obsolete or propose a more efficient
actuation transmission.

This is different for Mirage. The design features of cybernetic machines are
not common knowledge in the field media art, to which Mirage most likely con-
tributes. Hence, it is unlikely that technical details legitimize Mirage’s novelty.

31  For Nobert Wiener, feedback loops marked the end of the liberal subject (Hayles 1999: 2).
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However, mapping the format of cybernetic machines entails an assumption:
there is something comparable to the functional core of grasping, and this func-
tional core is a point of convergence in the assemblage of Mirage’s technical
components. Listing the technical features of cybernetic machines indicates that
this core is their significant object-environment relation. This relation entails
technical features that sense and convert random signals into an output. Similarly
to grasping, I consider converting as a technical functionality that signifies the
format of cybernetic machines.’> To what extent the converting of signals is a
basic functionality that structures Mirage’s genesis similarly to grasping in terms
of the RBO Hand is a question of this section.

From both lists, I sum up that formats define basic functionalities realized
through specific technical design features. The formats described define what a
technical form needs to embody in order work as a specific type of object. They
define technical relations inside an object’s form; they are schemes of functional-
ities. Actors can appropriate these as knowledge about how technologies work in
general. They allow for the signifying of a form as akin to a specific object type
or, on the other hand, for the deviation in specific aspects from that format in
order to signify their difference.

3.2 Hybrid Constellations, Inquiries, and Distributed Agency

Formats are not just knowledge, nor are they absent from spaces where a form
evolves. They are inscribed in technologies, tools, consumables, software, etc. in
the laboratory and studio, the places where a new form comes into existence.
This is, for instance, how infrastructural technologies “pre-scribe” (Latour
1992)* the range of shapes a robotic hand may enter, or what technical means
are at hand. In the following, I address the constellation through which the RBO
Hand and Mirage enter a specific form, as well as the inquiries that enact its
agency. | address these as hybrid constellations of people, machines, and pro-
grams. | follow Rammert in this regard, and consider a constellation as “the
mode how agencies of heterogeneous instances are distributed and connected
with one another and the level of agency that is given to them in certain situa-
tions” (Rammert 2008, 16). This understanding considers material, human, and

32 Of course, I do not consider converting as a functionality that signifies cybernetic machines as
exclusively as grasping signifies robotic hands. However, it is a technical similarity between
many machines engineered in the cybernetic paradigm (cf. Pickering 2010). Surely, one could
also mention, for instance, “adaptation,” as Pickering did, but I have chosen “converting,” as it
has a more technical and active connotation.

33 Latour understands prescription as the “behaviour imposed back onto the human by non-
human” in its moral and ethical dimensions (Latour 1992: 232).
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semiotic entities as potential agents, but, in opposition to the flat symmetry of
ANT, allows different levels of agencies, depending on an entity’s situated en-
actment. It is similar to what Suchman has regarded as “configuration”
(Suchman 2012), as it delineates the boundaries of an object. However, in con-
trast to her notion, constellations focus on the causal efficacy of agencies instead
of how they narrate the significance of their existence.

Some entities of such constellations are already mentioned in Section 2.1.2,
where I briefly report on the laboratory workshop and the studio and what mate-
rial traces of past inquiries I observed there. There, I report on some of the nec-
essary tools and consumables for manufacturing both objects. These influence
both objects’ forms, as they enable and limit specific tinkering practices. In the
following, I focus on entities that are technically more advanced. Some of these
enable specific tinkering practices, too, whereas others impose both objects’
potential existence. Similarly to social conditions, descriptions of hybrid constel-
lations can hardly capture all possible entities that effect a form; there might
always be hidden agents influencing an object’s design.

3.2.1 Robotics Infrastructure and “Everyday Life” in the Laboratory

One way to distinguish between different approaches in robotics research is by
stressing whether a robot is designed as a whole or modularly — that is, when all
its parts are developed as a holistic project, or if an approach aims at developing
separated parts like legs, sensors, or hands. Whereas the first requires large-scale
projects with long-term funding and, therefore, needs to be concerned less with
fitting with existing standard robot technologies, the latter focuses on problems
of a given domain and, hence, relies on standard hardware to fulfill all those
robotic tasks that are not issues of the investigative effort. It is rather obvious
that the RBO Hand belongs to a modular approach, as everything that I have
reported on so far refers to the domain of robotic grasping. Nevertheless, label-
ing the RBO Hand as a modular approach is only appropriate depending on the
point of view. As mentioned above, robotic grasping is a very fragmented do-
main and, hence, developing a whole hand could be regarded as a holistic ap-
proach. In that sense, the RBO Hand’s approach is holistic, because it covers
kinematic architecture, actuation, sensing, and material — which could be ad-
dressed on its own to make a research project. However, the Hand is also modu-
lar, as it is designed to fit a standard robot arm.

This standard robot arm is part of the laboratory’s scientific infrastructure. It
is a Meka Robotics A2 robotic arm with seven degrees of freedom. The arm is
attached to a robotic torso, the Meka T2. Meka is a US company that manufac-
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tures robot hardware and software especially for robotics research. When applied
to grasping experiments, the arm defines the movements with which a robotic
hand approaches an item. In research papers, the arm is explicitly mentioned as
part of the experimental setup (Deimel and Brock 2013, 2043). According to the
company’s brochure, the arm matches the size and shape of a small adult, which
makes it an ideal platform for researchers interested in the manipulation of hu-
man environments. It features force-controlled actuators, intrinsic physical com-
pliance, zero-backlash gearheads, and standard software for manipulation con-
trol. These features are important to mention, as they influence the arm’s behav-
ior in experiments. According to the brochure, the arm provides plug-and-play
support for the Meka T2 Humanoid Torso, the S2 or S3 head, and the G2 or H2
hand. Its actuation principle is declared as a “Series Elastic with Torque Con-
trol.” Whereas the upper end of the arm is fixed to the Meka Torso, the lower
end allows for the attachment of different robotic hands. Obviously, the company
also provides its own hand, which is, for instance, used by the researchers, who
are only interested in planning tasks. Nevertheless, Meka also provides a mount
for attaching different manipulators. Like a human arm, the Meka A2 has as
flexible shoulder, elbow, and wrist. These three joints work together to produce
an arm movement. Important to note here, the flexible wrist belongs to the arm.

The Meka A2 matches the format of robotic hands. It considers various
technical standards and potential hand shapes. In that sense, it also influences
and pre-defines aspects of the RBO Hand’s form in four regards: Firstly, the
Hand’s general size should be somewhat aligned with the measurements of arm
and torso. This does not need to be a precise match, but the ratio should allow
the assembly of Hand, arm, and torso to move in all possible directions without
being disturbed by the Hand’s body. Secondly, the Hand needs to be mountable
onto the arm. This requirement is not as banal as it sounds. For instance, mount-
ing the Hand onto the arm enables Deimel to run controlled experiments with the
hand, something the Starfish Grabber and the other preliminaries cannot per-
form. Thirdly, the Hand needs to have a precise weight in order to define what
force a robot arm has to deliver to fulfill controlled movements. This weight has
to be represented in the steering software of the robot arm. If the weight is incor-
rect, either the arm will lunge out or move impeded. Fourthly, the range of arm
movements allows the hand to limit its movements to closing its fingers. That is,
the Hand’s design can focus on grasping through finger bending. In that sense,
the design can rely on the arm to fulfill all other movements necessary for grasp-
ing an object, such as moving toward an object and positioning the Hand by
moving the wrist — given that the arm works as expected.

However, the arm does not always work as expected. The video sequence in
Figure 12 shows the inquiry of creating the setup of the Meka robotic arm and
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the RBO Hand work together. The sequence is a mundane situation in the RBO
Laboratory. It shows Deimel preparing the setup for a test run. He has attached
the RBO Hand onto the wrist of the Meka arm and positioned a table with a
bottle in front of it. The arm does not work as expected; its movements differ
from those required for an experiment. According to Deimel, the weight of the
Hand causes the malfunctioning, as its entry in the steering software is incorrect.
This brings about deviant arm movements. However, entering the corrected
weight at one position does not simply solve the malfunctioning. The arm has
several degrees of freedom whose forces require the precise alignment of param-
eters, because weight/force ratios differ depending on the kind of movement.
This leads to trial and error work. As the sequence shows, this work is coordinat-
ed through several agencies. Firstly, Deimel’s activities focus on the steering
software. In the software, the Hand is represented in coding symbols. The deviat-
ing arm movements bind the symbols to the material world. Here, code is not an
alphabetical or arithmetic sign system detached from materialities, but rather, it
works as the grammar that conducts the ensemble of the robot arm, Hand, and
software. Deimel pulls the table away so the arm does not run into it. With the
table pulled aside, Deimel can see how the arm moves without being disturbed
through its environment. After the arm has driven into its default position (Frame
II), Deimel tries to access the system state. In Frame III, he uses his body to do
so and pushes the robot arm. By pushing, he triggers a movement, which indi-
cates an active system state. He cannot tell from the information on the monitor
alone if there is tension in the arm’s joints; he needs to feel it. In Frame IV,
Deimel first recodes the software. He anticipates that the arm might still behave
unpredictably and puts his left hand on the emergency button, which allows him
to shut off the movements immediately. After pressing enter, the arm makes a
complex movement using several of its joints. In total, the sequence illustrates
that it takes human bodies, physical things, and algorithmic signs to constitute
technology (cf. Rammert 1998, 317). This is not only true for operating ma-
chines, but also for revealing a new form that needs to fit into a technical struc-
ture.

Infrastructural technologies like the Meka A2 are not commonly found out-
side laboratory or research settings, as they are developed as scientific tools. In
that sense, the Meka robotic arm is a very specific technology that stems from
the Hand’s origin in a scientific context. However, not only sophisticated tech-
nologies are part of the laboratory’s infrastructure. When visiting the laboratory,
there were clear indicators that grasping experiments take place there. That is,
there were several mundane items lying around — not only specifically placed
like the bottle on the table shown in the sequence, but also randomly distributed
on desks. One of such items appears in Section 2.2.3: the apple that was used by
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Time Still of the video

Transcript

L. 04:28

Deimel programs the steering software of
the Meka A2. He looks at the table and
pulls it out of the Hand’s reach.

He continues programming. After writing,
he hits the keyboard like pressing Enter.
The Meka A2 drives downwards and stops
parallel to the robot torso.

L. 04:55

Deimel looks at the new position and
pushes the Meka A2 slightly with his left
hand. The robotic arm moves outwards and
swings back to its original position. Its
movements are constrained through its
active system mode. It behaves similar to a
human arm with contracted muscles.

IV.  05:08-
05:27

Deimel orientates back to the monitor. He
writes code, presses enter again and puts
his left hand on the emergency button. The
Meka A2 moves backwards. Then it turns
slightly around its axis and moves up-
wards. It stops in a 90° angle to the torso.
He continues programming.

Figure 12: Inquiry patterns in the RBO Laboratory (own video).

Deimel to enact the Hand’s compliant material. That apple was not a natural but
an artificial apple. Hence, its only purpose in that space was to serve as an item
to be grasped by the Hand. Beside the apple, there were several other items lying
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around, like a bottle of juice, which had its label peeled of, and a tennis ball and
a tub. These items appeared somewhat out of place, as they did not seem to be-
long to a laboratory setting. However, they played a crucial role in the conditions
for the Hand’s design: they embodied “everyday life.” They brought into the
laboratory the figured context of a robot’s future use. In that sense, they embod-
ied the imaginary of an autonomous robot, as their presence became a meaning-
ful signifier of a humanlike machine (cf. Suchman 2007). Nevertheless, this is
not the argument that [ would like to push forward here. Certainly, the presence
of everyday items figures the humanoid robot, but despite embodying imagi-
naries, these items had an immediate material impact on the RBO Hand’s design:
they were the contact surfaces used to optimize the Hand’s grasping abilities — as
easy as that. However, this is not trivial. For instance, there were also sheets of
paper lying around, not normal paper but blotting paper (for whatever reason).
Sheets of paper are everyday items that are extremely difficult for common ro-
botic hands to grasp, as they are (almost) not three-dimensional. The robotic
hand would need to be able to use the table for resistance in order to pick them
up. Unlike other hands, the RBO Hand is rather good at this, because its inner
layer is sticky. This allowed the Hand to push the paper against the table, cramp
it, and pick it up — a technique that was tested and optimized in the laboratory
setting. In that way, the everyday objects that lie around in the laboratory are
significant to the constellation, as they are articulated in the Hand’s form; they
make the Hand’s distinctive grasping style become effective and observable, and,
following, influence what technical pragmatics are advanced as novelty.

3.2.2 Anticipated Conditions and Inquiries with Open Hardware in the
Studio

The constellation of Mirage’s becoming is considerably different. In contrast to
the RBO Hand, Mirage’s design does not need to consider any standard infra-
structural technologies like the Meka robotic arm does for its future existence. In
comparison, Mirage is a standalone technological object that relies only on elec-
tricity to technically function when finished. However, several future conditions
require consideration in Mirage’s design. Firstly, Baecker has to consider the
spatial conditions of potential exhibition spaces. As Mirage is not Baecker’s first
media installation, he can tell from several past experiences that one needs to be
anticipating an exhibition situation in the early stages of a project. In Section
2.1.2, I report on a structure for testing how mechanical pulls translate between
materials, such as between wire and a mesh of strings. Within the same situation,
Baecker told me that one reason for such testing is that he needs to consider
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transmission ratios when he wants to work with mechanical pulls. He said that it
might well be that a pull translates through different pulleys and connections
with a ratio that increases the movement quite dramatically. Hence, he cannot
simply assume that any mechanical idea is realizable for an installation, as exhi-
bition rooms offer only limited space.’* Secondly, the exhibition room needs to
provide appropriate lighting conditions. In that respect, Baecker can also tell
from experience that optimal perception of his installations requires dark envi-
ronments. Especially when working with light or projections, it is only feasible if
one can assume that an exhibition room can be darkened properly or painted
black. The availability of dark exhibition rooms is reasonable to assume, said
Baecker, although one will never have perfect conditions. Certainly, he added,
one always needs to expect changing conditions in a location. Many of my eth-
nographic visits in his studio took place in the evening when it was dark, or
Baecker blocked the windows with blankets to simulate exhibition conditions.
Similarly to the laboratory, there are several technologies in the studio, too.
Differently from the RBO Hand, they are not necessarily technical infrastruc-
tures. Several technologies in the studio are tools, ranging from drills to comput-
ers. I list some of these in Section 2.1.2, where I describe that materials and test
settings become traces of previous inquiries. Several technical tools are neces-
sary for building Mirage and most of Baecker’s previous installations, but not all
of them are significant, as they are for general purposes. Others, however, are
more significant, as they are for specific purposes and have a direct impact on
the technical means and media of an installation. What I would like to mention
as a significant technology, analogous to the Meka robotic arm, is Baecker’s use
of open hardware. The availability of open hardware such as Arduino circuit
boards® has a tremendous impact on Baecker’s work, as it allows him to inte-
grate computational components into his installations and couple these with
mechanical elements. For instance, Arduino circuit boards have several digital
and analogue interfaces and a processor that allows easy programming and flexi-
ble connections. A basic Arduino board has 14 digital input and output pins, six
analogue inputs, a 16MHz ceramic resonator, a USB connection, a power jack,
an ICSP header that allows in-system programming, and a reset button. On the
website of the open hardware initiative, there are plenty of more addable, digital,
and analogue hardware components for sale. The open hardware shares with the
Meka robotic arm that it enables specific forms. In contrast to the Meka robotic

34 Baecker’s story can be well comprehended by looking at his installation Rechnender Raum, for
which he combined ancient mechanics with digital technologies. The installation has a diame-
ter and height of approximately two meters. It translates several mechanical pulleys into a
complex movement of strings.

35  Website for Arduino: http://www.arduino.cc/ (last accessed: March 11, 2015).
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arm, open hardware does not allow for limiting technical relations, but enhances
the range of potential technical relations within a form.

The diversity of materials significantly structures Baecker’s artistic practice.
The use of open hardware and the opportunity to substitute and interlink digital
and mechanical technologies structures his inquiries for realizing the “hallucinat-
ing machine” as well. Such tinkering is shown in the comparison of how he en-
acts the materialities of the test structure mentioned in Section 2.2.3 with a later
test structure for which he used an Arduino board and elements of acrylic glass.
The transcript in Figure 13 starts shortly after Figure 9. The aforementioned test
structure consists of two wooden plates, hooks, threaded bars, strings, nuts, and
bolts, as well as customized pulleys and an elastic element (Figure 14). Baecker
is setting up the string, as he wants to test how it moves when threaded through
the hooks and pulleys. He does not thread the string through all of the hooks at
once, but stops after a few rows. He stands upright and pulls the strings several
times with changing intensities. The elastic element, which is located at the fixed
end of the string, and the number of hooks through which the string is run, de-
termine the string’s behavior. Baecker does not simply pull the string in order

Time  Still of the video Transcript

L 05:10 |
|

Baecker threads the line through three hooks
and pulls it several times softly. The line pulls
back every time due to the elastic element.

He threads the line through another hook,
stands upright and pulls the line ten times.
Every pull is slightly different from the one
before.

Baecker keeps on pulling the line slightly.

Baecker: “There is already too much friction
on it; it won’t work that way.”

He stops pulling and starts to decoil the line.
Baecker: “It is already too tight.”

Figure 13: Baecker using his body as actuator and epistemic tool (own
video).
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Figure 14: Test structure made Figure 15: Test structure made from

from wooden plates, Arduino board, bows of
hooks, and strings acrylic glass, and wires
(own picture). (own picture).

to trigger the movement, but uses his body to feel how the string behaves depend-
ing on the force he applies to it. In Frame II, he concludes, there is already too
much friction on the string, which makes the setup insufficient for his use. Either
he has to change single components or think of a different structure. The sequence
shows how Baecker is using his body to feel the string’s behavior; he enacts the
components and accesses their relation. Similarly to Deimel, who uses his body to
access the system state of the robot in Figure 12, Baecker’s body becomes actuator
and epistemic tool. When I visit him a couple of weeks later, the test setting has
changed drastically (Figure 15). The previous structure is placed in one of his
upper storage shelves, and Baecker works on a small structure of acrylic glass. The
new structure consists of a platform with five attached bows. Between the platform
and upper end of each bow is a wire. All the wires are connected to the analogue
outputs of an Arduino board. Baecker tells me that it is a board he had lying
around, but he actually wants one with additional input jacks. Through the board,
he is able to actuate the wires and trigger a patterned movement. Although the
materials have changed completely compared to the previous structure, movement
remains the focal point of Baecker’s inquiries. In that sense, the associative refer-
ence of a “wafting area” also continues in the new test structure. Instead of physi-
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cally actuating a string, Baecker now substitutes his body for an Arduino board that
actuates the structure through electronic signals.

3.2.3 Distributed Agency

The constellations described above in the RBO Laboratory and Baecker’s studio
stress the problem of agency, which I address by introducing this chapter. With
agency, I refer to the basic capacity of entities to cause effects. The distribution
of agency stresses, for instance, how humans delegate actions to technologies,
and how these refuse such delegations or, in return, impose behavior back onto
humans. A new form evolves within such messy hybrid constellations, interfac-
ing heterogeneous instances of different agency levels. Rammert distinguishes
between three levels of agency: causality, contingency, and intentionality. Cau-
sality refers to the basic ability of agents to cause effects in the world, contingen-
cy means the capacity to act in a different way, and intentionality refers to the
domain of meaningful action (Rammert 2008, 10-1).** Whereas these criteria
commonly constitute human action in social theory, the notion of a constellation
stresses the question of how material and sign-based entities receive comparable
agency levels depending on their positions and enactment. I want to summarize
some modes of enactment from the preceding empirical descriptions that capture
the hybridity of relations.

The first mode of enactment regards the position of the RBO Hand in a ro-
botic ensemble. This is the requirement of fitting the Hand into the Meka robotic
ensemble and supporting and building upon its technical agency. The Meka arm
is the interface for the Hand’s future form and, in this regard, constitutes its func-
tionality in a pro-active constellation that not only adapts to the environment but
also self-actively searches for appropriate grasping modes. Hence, there is an
advanced level of contingent collective agency that may even be attributed a kind
of intentionality (cf. Rammert 2008) that a new form needs to support.

However, the constellation not only imposes the range of possible forms. It
also opens up opportunities for new forms by re-distributing agency. Depending
on the perspective, the Meka robotic arm not only imposes the specific formats
of robotic hands, but is also open to new forms. Its kinematic architecture has
enough degrees of freedom to allow limitation of the Hand’s movements to
bending its fingers. In that sense, the arm allows simplicity and limitation of the

36  Rammert clarifies that the first two levels of causality and contingency are substantial defini-
tions that can be delineated not only in human action but also in the behavior of technologies.
In contrast, intentionality is an attribution using anthropomorphic semantics to capture the be-
havior of “smart“ technologies (Rammert 2008,11).
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range of required movements in the Hand.*’ Furthermore, the arm couples the
causal agency of materiality with the contingency of algorithms, which allows
varying agency levels of the ensemble’s elements. Coupling digital programming
and material efficacy is also a capacity of Arduino boards used in Baecker’s
studio. However, Arduino boards allow different enactments than the Meka arm.
Due to their open design, flexible connectors, and micro controllers, they are
tools for fast prototyping, or they become part of the form when integrated as an
element of a stabilized relation. In this sense, their position can change from tool
to form.

Significant in both constellations are, in particular, those entities that allow
connecting heterogeneous materialities like analogue and digital technologies. In
this sense, algorithms conduct the material and sign-based interfaces that need to
incorporate a new form. The RBO Hand needs a proper algorithmic pendant in
the steering software of the Meka arm. This is not trivial, but requires inquiries
into how physical elements and algorithmic parameters are related. Digital and
material realms are also placed in relation through the Arduino board, which
substitutes Baecker’s body and continues the movement of a “wafting area” in a
new setting. Algorithms alter agencies from linear causality to contingent inter-
action. They do not animate any structure; rather, their agency is enacted through
aligning algorithms and materialities.

Nevertheless, the empirical description shows how unstable constellations
are. The infrastructure in the laboratory is hardly reliable, and the means allocat-
ed in the studio function in a good-enough manner. Deimel and Baecker enact
their human agency for inquiring into the hybrid connections: their advanced
technical knowledge enables them to program algorithms; their actions do not
follow predefined paths, but situatively adapt over the course of interaction, and
they follow specific intentions, such as contributing to a research problem or
creating an aesthetic artifact. Hence, their actions entail causal efficacy, contin-
gency, and intentionality that enables them to solve problems and anticipate how
a constellation works before it is realized (cf. Rammert 2008, 10-1). However,
the video sequences show how this assumed superior status of human agency is
enacted through the dirty work of bodily interactions. Their bodies make them
relate to the materialities that give form to a new object. In this regard, causal
efficacy is not a low level of agency, but constitutes higher levels of contingent
and intentional acting. This is demonstrated in both video sequences. In the first
sequence, Deimel uses his body as a kind of proxy-resistance as he pushes the
arm in order to see what the system state is. The second sequence illustrates how
Baecker uses his body to anticipate whether a new connection is feasible or not.

37 In contrast to robotic hands with additional limbs, such as the Hitachi Hand from 1984
(Rosheim 1994: 204).



130 3 Form: How Materials Become Effective

Deimel and Baecker enact their bodies to properly coordinate their activity with
the malfunctioning technology and use their bodily senses to experience the
relation of elements when those elements are coupled in a new way. In those
situations, their bodies become epistemic tools for inquiring into the appropriate
range and potential means for new forms.

This account stresses the agencies through and in which new forms evolve.
On the one hand, relations between entities impose the range of forms, as specif-
ic formats are pre-scribed into them, but, on the other hand, hybrid constellations
also enable new forms, as technological infrastructures are open to distributing
agency among different entities. Nevertheless, the situated distribution of agency
also shows how the agential location of a form has to be searched for, found, and
fitted. This is how the interfaces to which a form connects are adapted and how
entities are arranged according to the functionality that they are to take within or
in connection to a new form. However, this account makes questions concerning
novelty more difficult to answer. Novelty is both individuating and relating, but
how does a form individuate in hybrid constellations that stress distributed agen-
cy? How does one account for the efficacy and agency of a new form that
evolves within given and pre-structured ensembles?

3.3 Assembling Technical Forms

In the following and subsequent sections, I approach these questions and address
the assemblage of the RBO Hand and Mirage’s forms and, from there, their
relations to the hybrid constellations of their existence. A major challenge in
addressing the assemblage of technical forms is finding a comparative structure.
The structure needs to allow for a close comparison of technical features and
capture how similarly or differently they are embodied, while simultaneously
acknowledging the very different morphologies of the RBO Hand and Mirage. In
this regard, I bring along the structure that I have used to sketch the technical
formats and apply it in the following for the comparison of both technical forms
with slightly adapted subheadings. Hence, the following comparison follows
subheadings, such as embodiment, kinematic architectures, actuation, sensors,
etc., that are abstract enough to capture technical relations in both forms.

For the sake of comprehending the technical descriptions, I place two fig-
ures of the RBO Hand and Mirage at the beginning of this section (Figure 16
and Figure 17). The pictures capture both objects’ material states, which marks
the preliminary stabilization of the technical convergence described in the fol-
lowing. The figures include annotations of both form’s technical components,
whose assemblage is the focus of this section.
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Meka Robotics A2
robotic arm

Air pressure tubes

\\ PneuFlex Actuator
Active layer Helix winding
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Finger tip

Figure 16: The RBO Hand’s technical form (own annotations, Deimel and
Brock 2013, Figure 1).

3.3.1 Embodiment as Epistemic and Artistic Stance

Above, I stress that the embodiment of concepts has an epistemic function in cy-
bernetic machines. Ross Ashby, for instance, rejected simulating his Homeostat in
favor of building his own “adaptive brain.” As I outline in Chapter 2, the RBO
Hand and Mirage are both objects with strong conceptual ambitions, and the sto-
ries of their origins embed them in larger discourses and differentiate them from
the usual kinds of objects in the field. I stress that there are different articulations of
ideas that make both objects different and drive the intent of their construction.
These articulations already indicate that conceptualizing and manufacturing are not
separate processes but are interrelated, because difference is enacted through het-
erogeneous entities such as stories, tropes, material traces, prototypes, and bodies —
and not simply through a model and a finished material object. The interrelation of
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Figure 17: Mirage’s technical form in Baecker’s studio, close to its first
exhibition (own picture).

conceptualizing and manufacturing stresses beginning the following description by
asking what embodiment actually means for practice.

In general, robotics is a discipline in between science and engineering. Still,
the relation between formalized theory and the dirty work of building technolo-
gies is ambivalent in robotics. When I spoke with the director of the robotics
institute, Brock, he stressed this ambivalence and laid down his view on progress
in robotics and the role of theory building. When asked about the role of mathe-
matical formalization, which is integral to the scientific culture of robotics, he
answered with a figure. He said that, for him, robotics research is comparable to
the practice of “alchemists.” Alchemists used to throw together all kinds of in-
gredients in hopes of gold. Although, nowadays, their practice has a much more
mystical than scientific appeal, they still laid important stepping-stones for mod-
ern chemistry. This story entails Brock’s stance concerning the relation of math-
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ematical formalization and scientific practice. He is not against mathematics, he
emphasized, but is for it only when appropriate for the problem under investiga-
tion; for him, robotics is still far from having identified problems that allow for-
malization. In his view, robotics is still in a phase of alchemy rather than having
established scientific laws for building robots. He believes robotics makes better
progress when procedures are explorative rather than when formalization is pos-
tulated. Brock said, for progress, one needs to ask how to create behavior, and
only when the behavior created is understood is formalization an appropriate
tool. In that sense, building the objects one seeks to investigate and testing an
idea in its material form is an epistemic approach that is significant to the work
in his institute and not given per se.

Brock’s account allows for consideration of the RBO Hand as an embodi-
ment whose material form is significant to the epistemic practice he regards as
appropriate. This is a considerably different account of embodiment than build-
ing objects in order to legitimize one’s research. Nevertheless, Brock also
stressed that building a new kind of hand is a matter of showing the grasping
community that unconventional and technically simple approaches lead to satis-
fying results when it comes to concrete grasping performance. However, this is
not the point I want to make here. Rather, I want to emphasize what resonates in
Brock’s first account. Brock considers embodiment as way to create behavior,
which, in return, is what he seeks to investigate. This account enacts embodiment
as constituting progress. The step makes theories and concepts possible, not the
other way around.

For Mirage, embodiment has a similar meaning, although it does not at-
tempt to advance shared theoretical knowledge. As I have already mentioned, for
Mirage, Baecker attempts to give body to the abstract concepts of learning algo-
rithms. He refuses to continue his hallucinating machine as an algorithm, ren-
dered visible through a computer animation or the like. In that sense, there is no
enforced requirement of a material body so as to visualize how unsupervised
learning produces contingent patterns. Instead of going the presumably easier
route of designing a graphical representation of hidden activities, he turns to a
material embodiment of his ideas. In the context of his artistic practice, this is
more than merely choosing a format. Rather, embodiment is what produces the
aesthetics of his artwork. Similarly to historical cybernetic machines, the agen-
cies of different materialities and their complex and contingent interplay produce
movement and a visual image. Hence, in Baecker’s approach, embodiment can-
not be considered as representing concepts, but foremost as creating technical
behavior as an aesthetic performance of concepts.
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3.3.2 Materials and Manufacturing Method

As indicated above, there is a vivid discussion over the choice of materials in
robotics. The choice of materials affects most of the features of a robotic hand,
such as its weight, compliance, and strength. Furthermore, the choice of materi-
als also influences to what scientific domain a robotic device may contribute.
The domain of soft robotics, for instance, is rather young and open to various
applications, as long as they exploit the adaptive capacities of soft materials. In
his story about the origin for the idea of the RBO Hand, Brock referred to both
aspects. Based on his experience in previous experiments, he searched for a way
to build a competent hand and found approaches to doing so in the emerging
field of soft robotics. The material characteristics of silicone opened up opportu-
nities for realizing this particular kind of grasping, which is less controlled by
algorithmic planning than by the hand’s autonomy. When asked about the main
advantages of using silicone, Deimel answered that it is very flexible and expan-
sible up to ten times its deflated size. That is why complex and large defor-
mations are possible without complex joints. Deimel stressed that the material’s
compliance compensates for the imprecise positions of the hand and, hence,
allows for robust grasping without exact information about an object or hand’s
location. Silicone is a material that is not very precise, but it is also very fault-
tolerant, stated Deimel.

Furthermore, silicone is a material that is easy to work with, as its processing
does not require tremendous investments or exclusive a priori knowledge. Hence,
it allows for experimentation and tinkering. In order to exploit the material’s capac-
ities, one can, for instance easily change the shape and arrangement of the fingers
or vary the material’s softness by altering the ratio between two rubber compo-
nents. As reported, Brock was in a position in which he knew a colleague who
already had experience in working with silicone and, hence, was able to tell him
what tools he needed to work with it. After buying the main tools, such as a vacu-
um pump and chamber, he hired Deimel. Deimel not only became the person who
does most of the research with the RBO Hand, but he is also the one who builds it.
It is important to note that Deimel did not have any experience in working with
silicone or in manufacturing robotic hands. He is educated in cognitive science and
informatics. Nevertheless, he was able to work with the material and its manufac-
turing method easily from the beginning and was already able to do experiments
with the first prototypes within his first year.

Not only is the simplicity of working with silicone effective for Deimel’s
immediate work, he also wrote a tutorial about the manufacturing process that
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can be accessed through the institute’s website.*® The tutorial does not consider
the complete RBO Hand, only its silicone fingers — the PneuFlex Actuators. A
less detailed version of the procedure is part of the first published research paper
on the RBO hand (Deimel and Brock 2013, 2042). According to both sources,
the manufacturing process for the hand’s silicone fingers can be summarized as
follows (cf. Figure 18):

1. Active layer casting: The active layer is the main silicone body of each
finger. Each finger is approximately 9mm wide and thick, and 130mm long. The
mold for each finger is 3D-printed. The silicone mold features longitudinal
chambers for the tubes, which are later inflated with air. They are shown in the
fingers’ cross-section and longitudinal cut in Figure [8. Furthermore, the mold
has small ridges that imprint groves along the edge of the silicone in order to
hold the thread of the reinforcement helix in place. The casting requires evacua-
tion of the mold in a vacuum chamber and the filling in of the silicone.

2. Reinforcement helix winding: This step is the winding that keeps the sili-
cone in form when inflated. It consists of common polyester sewing thread, size
50. The turns are approximately 4mm apart in order to distribute the strain even-
ly throughout the silicone. To neutralize torsional force, there are two helix
windings in opposing directions.

3. Passive layer casting: The passive layer is each finger’s bottom layer,
which is colored blue in Figure 18. The main manufacturing difficulty is not in
handling the material as such but in gluing the active and the denser passive
layers together. Hence, the passive layer is reinforced with a porous fabric em-
bedded into and permeated by silicone. This allows robust bonding and enables
the transmission of forces. The passive layer is approximately 1mm thick after
degassing in a vacuum chamber.

4. Assembly: The active layer is placed on top of the passive layer before the
silicone sets. In the final step, the embedded air chambers are connected via
silicone tubes (0.5mm inner/1.5mm outer diameter), which are inserted into the
silicone using a 2mm cannula and sealed using pasty silicone adhesive.

These four steps form the material basis of the RBO Hand’s design. The de-
tailed documentation and publication of the manufacturing process indicates that
this is not merely pragmatic but also encouraged by showing off the simplicity of
its design and enacting the Hand’s easy manufacturing as a trademark. Remarka-
bly, these activities focus on the finger’s design and the use of silicone as an
unconventional, new material. Everything else that is required to make the fin-
gers become a robotic hand is not necessarily black boxed, but surely not paid
much attention to in the tutorial or research paper.

38  Website of the tutorial by Deimel: http://www.robotics.tu-berlin.de/menue/research/compli
ant_manipulators/pneuflex_tutorial/ (last accessed March 18, 2015)
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Figure 18: The composition of the PneuFlex Actuator (source, Deimel and
Brock 2013, 2040, Figure 2).

A major difference concerning the materials used for the RBO Hand’s and Mi-
rage’s designs is that the silicone was a stable element in the Hand’s genesis, no
matter what form it took throughout my two year ethnography, as opposed to
Mirage, whose materialities changed over the course of its design. Mirage’s
materials went from wooden plates, strings, and elastics to acrylic glass, laser
light, and a metal frame. None of the initial materials stabilized in the time be-
tween the articulation of ideas and the exhibited installation.

However, despite this difference in the object’s material compositions, in-
tentions to choose a specific material were quite similar. For instance, Baecker
stores several wooden plates in his studio, as rapid prototyping requires a materi-
al that is easy to process. Similarly to silicone, materials such as wood, strings,
and mechanical elements do not require exclusive knowledge in order to manu-
facture quick prototypes; they are easy to change in size and shape and to con-
nect with other elements. Furthermore, they do not require sophisticated tools or
knowledge to be processed, and they are available in regular hardware stores.

However, as Mirage’s technical form advanced, easy processing became
less significant to the choice of materials. The use of acrylic glass may serve as
an example of this shift. At a basic level, it allows for rapid prototyping, as de-
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scribed in Section 2.1.2. Plates of acrylic glass were at hand in Baecker’s studio,
since he had used them in previous installations. They were easy to cut and could
serve as frames for moving elements. In addition, the material is not only prag-
matic, but also carries the specific semiotics of Baecker’s art. He stated that
acrylic glass is a very clean material that somehow transports the aesthetics of
scientific experiments. This is one reason why he had chosen to work with it
before. Nevertheless, this choice is bound to specific conditions. In order to inte-
grate acrylic glass into the design of an installation, not only using it for proto-
typing, he needed precise elements that were custom-made by a laser-cutting
specialist. Such cutting is rather expensive and only worth the effort if he gets an
exact shape that he can use for the finished installation as well as an exact num-
ber of elements. These conditions influence what material he chooses and, fur-
thermore, how the material stabilizes the form of the object. It is only worth
investing in custom-made acrylic elements if he is sure enough that their shape
are no longer going to change and that they will make it into the finished piece.
This is how acrylic glass is at once a material at hand that allows for rapid proto-
typing and, on another occasion, a material that requires anticipation of the fin-
ished form.

This acrylic glass example also illustrates how pragmatic and aesthetic in-
tentions mingle in the choice of materials. In that sense, all other materials used
for Mirage were chosen according to both aspects. For instance, the metal frame,
is on the one hand, appropriate because it is heavy, stable, and to be cut with a
regular saw, and, on the other hand, it is a clean material associated with tools
and machines, which brings about an aesthetic tension in contrast to Mirage’s
fluently moving image.

In Chapter 2, the moving image was embodied through strings, wires, and
Baecker’s body. For the finished installation, the wires remain as means of actua-
tion, but the moving image is generated by a laser projection. Differently from
strings and wood, the laser is a technology that requires advanced knowledge of
electronics. It is voltage- and ampere-sensitive and requires alignment of the
strength of the diode with the connected technical conditions. Baecker reported that
he had thought about using a laser for a long time, but only got to work with it
through a colleague at the time when he was already in the process of designing
Mirage. Hence, he did not have access to laser technology at the time of my first
ethnographic visits in the studio. When I visited him in his studio, after he had
chosen to experiment with a laser, he had prepared a test setup for which he tight-
ened a laser diode in a vice® and focused the light beam onto a small mirror
(Figure 19). The laser was a cross-line laser, which does not produce a focused

39 A metal tool with movable jaws that are used to hold an object firmly in place while work is
done on it (Oxford Dictionary).
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point like a laser pointer, but a horizontal line whose measurements depend on the
angle the diode allows and the distance from the projection surface. The mirror is
bent so as to break and redirect the laser light onto the wall. A crooked image ap-
pears on the studio wall, whose turbulent line is determined by the mirror’s bends
and buckling. Baecker told me that he likes the aesthetics of laser light, as it has an
almost haptic appearance.

Choosing a laser as a material changed Mirage’s technical and aesthetic
genesis drastically. By entering laser technology into the design, Mirage became
an installation based on dynamics caused by light reflections. Unlike string, a
laser needs a source (the diode) and a projection surface to become visible. Mak-
ing a laser move is only possible via reflections caused by a moving surface. In
that sense, Mirage requires several sub-ensembles (cf. Simondon [1958] 2012a)
to enact a moving image, as the laser diode is a technical unit and the moving
surface is another unit that works separately.

The choice of materials for the RBO Hand and Mirage share distinct simi-
larities. One similarity is in regard to the knowledge needed to process materials.
For rapid prototyping and tinkering practices, easy handling of materials is an
advantage of silicone, wood, metal, and string. In order to start working with
new materials, Brock, Deimel, and Baecker drew on external people, such as
research colleagues or artists, who provided information on specific tools and
handling practices. This more exclusive information based on other people’s
experiences is significant for engaging with previously unknown material like
laser technology.

Another similarity regards the material’s significance to making both ob-
jects distinct. The description of the RBO Hand already indicates how difficult it
is to focus on the pragmatic use of silicone alone. Silicone is both a pragmatic
technology that contributes to solving the problem of grasping and a discursive
statement that makes the Hand distinctively different from others. This is similar
to the laser used for Mirage. A laser as such might not be a discursive object in
the media art field, but, for Mirage, it becomes a visible trademark. Using laser
technology is a choice of how to embody the idea of a hallucinating machine,
and, furthermore, it entails that Mirage requires darkness for its exhibition. This
is not arbitrary, but a choice made in the design, which transduces to situations
that enact Mirage as a distinct piece of art.
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Figure 19: Early experimental setup of cross-line laser and mirror (own
picture).

3.3.3 Kinematic Architectures

In terms of robotic hands, the kinematic architecture articulates the choice of
degrees of freedom and the numbers of joints and actuators to realize the move-
ments. In order to compare the RBO Hand and Mirage, 1 regard the kinematic
architecture of a form in more general terms as the schematic of what and how
technical relations are implemented in an object.
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In their research paper, Deimel and Brock have given an account of the
RBO Hand’s general parts and technical structure (Deimel and Brock 2013,
2042-3). They considered the Hand as a prototype. The authors wrote that they
chose to give the Hand three fingers, each consisting of two parallel PneuFlex
Actuators. The total length of each finger is 130mm. One of the three fingers has
two actuators of 100mm length each, with an unactuated tip of 30mm length.
The other two fingers are divided into two sections, which improves their grasp-
ing performance. The sections are 35mm and 45mm long and separated by a
10mm passive piece. Each finger has a cross section of 9x21mm. Two supply
tubes, one for the actuators on the outer part of the split fingers and one for all
the other actuators, control the finger movement. The fingers are mounted on the
“metacarpal” plate at a 30° angle.

The palm is split into two sections: a flat pad of very soft silicone (translucent,
10mm thick) and a bent rubber plate (blue tinted, 3mm thick). The latter structure
creates a soft pad to match item shapes. The frame of the RBO Hand consists of a
plywood plate (80x80x3mm), which holds the silicone parts and, furthermore,
allows for the Hand to be mounted on a robotic arm. In their paper, Deimel and
Brock highlighted that they found this assembly to be robust, easy to manufacture,
and able to be adapted quickly during rapid prototyping. An external reservoir
supplies pressurized air to control inflation and deflation of the hand.

Based on this architecture, the typical kinematic ratio between degrees of
freedom and joints/actuators is difficult to express in numbers. For instance, the
Salisbury Hand consisted of nine degrees of freedom and nine joints. In contrast,
the RBO Hand does not define its degrees of freedom, as its grasping concept is
based on interaction between the given item and the Hand. The item’s shape
determines how the Hand deforms. Hence, it makes little sense to explicate how
many possible degrees of freedom the Hand has. Rather, pictures demonstrate
deformations and show the Hand grasping items of different shapes. In order to
trigger grasping movements, only one signal is required: inflating/deflating. The
Hand’s architecture allows two of these binary signals to be operated via its two
supply tubes. In sum, this makes the Hand a highly underactuated robotic hand.

Mirage’s architecture has undergone significant changes compared to the test
structures analyzed earlier. Whereas these structures were either a net in an acrylic
glass frame or a net of strings that was spun between two plates, for its exhibition,
Mirage is changed into an installation that has an outer metal frame of approxi-
mately 150x50x50cm (height, length, width) and generates a laser image.

One reason for the metal frame architecture is the laser. Whereas Baecker
used a vice for his first laser experiments, he anticipated that he would need a
large stand to hold the laser diode and allow it to point downwards for the fin-
ished installation. That is the reason for the metal frame’s large post, which was
able to hold the shaft of a laser diode. On the same base, but separated from the
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post, was an inner frame for a mirror. Later, that inner frame held the acrylic
elements and muscle wires, which I report on below. The inner frame is flexible
so as to allow for vertical alignments of the laser light and reflecting mirror.

Another reason for the metal frame is mentioned above: Mirage is designed
as a standalone piece. Unlike the RBO Hand that is designed to connect to the
Meka arm, which is made possible through its plywood plate, Mirage’s form is
not influenced by such infrastructural requirements. It is supposed to stand alone
like a sculpture and work with no more technical requirements than electricity.
The frame is a means to attach Mirage’s technical components and set the
boundaries for their arrangement. In that sense, the frame captures the allocation
of components and renders the outer appearance of a standalone apparatus.

Nevertheless, the metal frame captures but does not determine Mirage’s
kinematics. Comparing the kinematics of Mirage with those of robotic hands is
ambivalent in any case, as Mirage is not described in quantities like degrees of
freedom or number of joints. Still, Mirage has kinematics that can be described
in their allocation and efficacy. Comparable to the degrees of freedom of a robot-
ic hand, Mirage’s kinematic architecture determines the range of movements of
the laser projection. The range of these movements can be expressed in direc-
tions, upward and downward, and size, depending on the distance from a wall.
Furthermore, the inner complexity of the image, or its bending and buckling, is
caused by actuators that are quantifiable. At its finished state, 48 wires move
Mirage’s image, arranged on three acrylic skeletons. These skeletons are at-
tached to the inner metal frame. For the sake of quantification, this makes one
degree of freedom (upward and downward movement) and 48 joints. Roboticists
would call this a highly overactuated technical structure.

3.3.4 Actuation

The RBO Hand’s actuation principle is already described in its material struc-
ture. The PneuFlex Actuators are driven pneumatically through the inflating and
deflating of the fingers’ inner tubes. For experiments, the fingers are driven with
an air pressure of 210 kilo Pascal, which produces a force of 1.5 Newton
(Deimel and Brock 2013, 2043). As indicated in the description of their material
structure, the PneuFlex Actuators consist of two separated tubes in order to op-
timize the Hand’s grasping performance. Nevertheless, the Hand’s movements
are simplistic, as it is only one signal that triggers a grasp. This entails that the
Hand is always driven in the same way and in full capacity if commanded to
grasp. Nevertheless, Deimel stressed in an interview that the softness of the sili-
cone allows complex deformation based on such simple signal processing.
Hence, the research paper expresses the Hand’s versatility not in technical pa-
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rameters, but demonstrates it through pictures that show how the Hand success-
fully grasps items with very different surfaces. Such items range from tubes,
water bottles, and cylinders up to more complex surfaces like those of sunglasses
or a tape dispenser, which are difficult for robotic hands to grasp.

Movement is central to Baecker’s idea for Mirage. As described in Section
2.1.1, he thought of a hallucinating machine and a wafting area. He enacted such
images in test structures made from strings and elastic elements, and through his
body by making a snake movement with his arm. The strings, which he used in
the test structure in Section 2.2.3, were means of actuation and, at the same time,
materialized the image. For a previous installation of his, he made use of that
same concept. His installation Rechnender Raum (Computing Space) consists of
a wooden frame that holds a complex mesh of strings that is actuated by mechan-
ical pulleys and digitally steered motors — here, the image is materialized through
the means that equally transmits actuation.

Introducing laser technology to the design of Mirage has lapsed this con-
cept. Laser light is a material very unlike strings. It has no haptic resistance; it
cannot transmit actuation and requires an external projection surface. These
characteristics urged Baecker to inquire into means of manipulating how the
light is projected and how to make the projected image move. A test setup for
this inquiry into manipulating the projected light is already mentioned above.
Baecker’s first laser experiments inquired into how different mirror shapes influ-
ence the projected light. Already in the early stages of experimenting with the
new material, Baecker stressed that it was difficult to figure out an appropriate
way to make the image move. He did not want the light source to move like in
popular laser shows, but to enact movement by breaking the light beam. This
creates a more detached and contingent movement and should make the image
appear as if it is floating, said Baecker. Hence, the reflecting surface or mirror
needs to move in order to create a moving image on the wall.

But before Baecker chose to use mirror foil to reflect the laser, he tried sili-
cone oil as a surface for reflection. Silicone oils are available at high viscosities
and move slowly and are resistive when swirled in a basin. Hence, they have char-
acteristics similar to the wafting area Baecker had in mind. But he discontinued use
of such liquids, as they were too messy to work with and did not solve the problem
of how to actuate movement. Hence, he turned to a mirror foil that was light and
flexible and, hence, could be moved with less force than silicone oil in a basin.
Furthermore, foil requires only small trigger movements in order to manipulate a
laser projection. That is, if a foil is pulled down about 2mm at some point, this
small diffraction translates into a rather large bending of the projected image. This
allows low actuation to translate into large aesthetic effects.
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So few requirements in terms of distance could be implemented through
several actuation principles. When I visited Baecker during some of his first
tests, he said he was looking for a maximum movement of about Smm. For
Rechnender Raum, he used electronic motors that actuated a varying string
movement of about 2-4cm, which then translated into other mechanical pulls and
larger movements, he reported. However, using electronic motors was not ap-
propriate for moving foil, as he sought to pull down the foil not only at one or
two points, but at several densely allocated points. Hence, he had little space for
actuators, which made using motors like those used for Rechnender Raum un-
suitable. Nevertheless, the decision for foil, as well as for many points of actua-
tion instead of only one or two, allowed Baecker to express his problem more
precisely and seek a solution. In his studio, Baecker showed me a small structure
of acrylic glass that consisted of six bows arranged in a row on a small platform,
which I have already mentioned earlier (cf. Figure 15). He showed me how he
had spun a wire between the ends of each bow. This was muscle wire, he ex-
plained. Muscle wire is an electronic wire that contracts when fed with an elec-
tronic signal and returns to its original position after release. It is also sensitive to
different signal strengths. Muscle wire belongs to a larger class of shape-memory
alloys and is used in robotic hands, too.* In robotic hands, it is implemented as
tendons to transmit actuation. For Mirage, muscle wire possesses the advantage
that actuation and actuation-transmission are realized in one element and, hence,
render other motors and strings obsolete. Baecker showed me the small test set-
ting, for which he attached the six wires in a bow to six analogue outputs of an
Arduino board. By programming the output voltage via a micro controller,
Baecker was able to test what signal strength caused what contraction. He
showed me how each output was able to produce an individual signal that made
all six wires contract in a sequential pattern. This contraction made the bow
bend, as the acrylic glass was flexible enough to adapt to the stress. These tests
took place approximately six months before the exhibition of Mirage. From then
on, muscle wire has been the stable means for actuation. Nevertheless, for the
finished installation, Baecker advanced the rudimentary assembled test structure
toward three skeletons made of acrylic glass, which were laser-cut especially for
the purpose of Mirage (Figure 20). One skeleton can hold 16 densely arranged
wires. Each wire pulls down a spring that is attached to another acrylic hook.
Hence, the inner flex of an acrylic bow is no longer exploited, but an additional
spring and hook transmit the actuation of each muscle wire.

40  Shape-memory alloy was a trademark material of the Hitachi Hand when the robotic hand was
introduced in 1984 (Rosheim 1994).
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Figure 20:  Skeleton made of acrylic glass (own picture).

3.3.5 Sensors and Input Signals

Sensors are a pivotal issue for the RBO Hand and are stressed in research papers
as a significant difference in the RBO Hand when compared to common robotic
hands. The RBO Hand’s difference is not in a special kind of sensor, but in that
it does not have any sensors at all. Hence, the hand’s grasping style is not based
on planning, but on compliance. Planning requires that a robot is equipped with
sensors that a) obtain visual information about an item that is supposed to be
grasped in order to detect its morphology and b) sense what characteristics the
item has in order to control applied force, that is, if it is soft, solid, fragile, etc.,
(Controzzi, Cipriani, and Carrozza 2014, 234-5). Deimel explained to me that, in
contrast, the RBO Hand is explicitly not based on planning that requires sensors,
but on the interaction for which the compliant characteristics of the Hand’s mate-
rial are exploited. That is, there is no information sensed before the Hand per-
forms a grasp.
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However, there are different enactments of this technical difference. Firstly,
when Deimel or Brock explain the approach behind the RBO Hand, they refer to
the lack of sensors as an exploratory difference that makes the Hand’s design
simpler than typical designs but with compatible grasping performance. Simplic-
ity is commonly regarded as good, because it makes designs robust and less
prone to failure. Furthermore, exploiting material characteristics concretizes the
Hand’s functionality, as it makes pluri-functional use of silicone, which not only
is the Hand’s body and force transmission, but also implements how the Hand
adapts to its environment. However, secondly, in order to run publishable grasp-
ing experiments, the Meka arm needs to move the Hand in an optimized position,
and doing so requires fixed a priori programming of arm movements, as the
Hand is implemented without sensory feedback (Deimel and Brock 2013, 2043).
Sensory feedback would require visual sensors in the Meka setup and a corre-
sponding kinematic architecture, as well as force sensors on the contact surface.
Hence, in their research papers, Deimel and Brock address the lack of sensors
not only as a positive trademark, but also as an active research topic. In a later
article, they state that it would be desirable to integrate strain and touch sensors,
but this is a very difficult task (Deimel and Brock 2014). In this sense, quitting
sensors is a technical achievement of the RBO Hand’s distinctive design, but it
may not be a desirable novelty in every situation.

In contrast to the RBO Hand, Mirage is equipped with a sensor: a fluxgate
magnetometer’' that senses changes in the Earth’s magnetic field. The magne-
tometer is sensitive and registers frequent minimal changes in the field. These
changes occur randomly without predictable patterns. Fluxgate magnetometers
consist of a magnetically sensitive core wrapped by two wire coils.* One coil is
charged with an alternating electrical current that causes an irregular cycle of
magnetic saturation (i.e., magnetized, unmagnetized, inversely magnetized, un-
magnetized, etc.). This constantly changing field induces a corresponding elec-
trical current in the second coil. A detector measures their output current. Match-
ing input and output currents indicate a magnetically neutral background. In
contrast, differences in input and output indicate that the core is saturated in
correspondence to a background magnetic field. How far both signals are out of
step depends on the strength of that background magnetic field. The magnetome-
ter used for Mirage transmits such differences as an analogue output voltage that
is proportional to the magnetic field.

41  The fluxgate magnetometer was invented by Friedrich Forster (1908-1999) and, hence, is also
called Forster-Sonde, as in some publications concerning Mirage.

42 The following paragraph is a description of how fluxgate magnetometers generally work. Its
major source is the corresponding Wikipedia entry: http://en.wikipedia.org/wiki/Magneto
meter#Fluxgate_magnetometer (last accessed: April 8, 2015).
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The characteristics of the Earth’s magnetic field as input signal is signifi-
cant for Mirage’s design. Firstly, such signals are typical for cybernetic ma-
chines, as they are random and, hence, require an adaptive machine to register
and convert them into a specific output. Given that an adaptive design is intend-
ed in the first place, one could also say random sensory inputs allow for sensible
adaptive designs. Secondly, the signals render a force that is not perceived by
humans. In opposition to robot sensors, they do not have an anthropological ideal
like touch or visual signals, but make visible what is not perceivable via human
senses without technologies. These two characteristics are significant because
they correspond with the idea of a hallucinating machine; they are beyond con-
trol and render immaterial agencies.

Surprisingly, Baecker integrated the fluxgate magnetometer into Mirage’s
design rather late. Baecker had worked with signals with similar characteristics
before, such as, for instance, the electrical charge of minerals. Hence, it was not
necessarily a major challenge for him to think of means to generate random sig-
nals that refer to a kind of hidden agency. Approximately three months prior to
Mirage’s first exhibition, he told me that the metaphor of a hallucinating ma-
chine was his central concern throughout designing Mirage and less what envi-
ronment he rendered through its image. This meant that he needed signals that
were random but still changed rhythmically on larger time scales, like being
asleep and awake. In principal, he said, he could have used any kind of signal
source with such characteristics. For him, he said the magnetometer worked fine,
as the Earth’s magnetic field changes rhythmically depending on daytime or
nighttime, while, on a micro scale, changes are contingent and appear randomly.

3.3.6 Converters

As the RBO Hand is (so far) designed without sensors, there are no signals that
need to be converted for subsequent technical processes. Other robotic hands,
whose movements are steered with sensory data, need such conversion through
integrated micro controllers. However, the silicone material converts the re-
sistance of an item into robust grasping without further technical support. There
are no feedback loops, so to say. However, the Hand’s movements are based on
physical conversion but in the opposite direction. As said, no outside signals are
converted, but signals are translated into movement from inside the ensemble.
The air pressure that inflates the tubes of the PneuFlex actuators is converted into
a grasping movement a) through the silicone’s adaptive material capacities,
which cause the actuators to deform, b) through the passive layer, which is glued
onto the inflated active layer and makes the active layer form an encapsulating
shape, and c) through the helix winding, which prevents the active layer from
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blowing up and instead converts air pressure into force. These processes are a
conversion, but not in a cybernetic sense. The RBO Hand does not convert ran-
dom environmental signals to regulate and adapt its behavior like a Homeostat.
Rather, the described conversion, from the inside, is a designed and controlled
technical relation that converts one type of energy (air pressure) into another
(grasping force).
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Figure 21: Computer screen showing frequently changing signals and their
algorithmic variation (own picture).

In contrast, Mirage converts signals in a cybernetic sense. As said, the fluxgate
magnetometer tracks random signals that constitute the machine’s environment.
Through its described functionality, the sensor converts the energy of a magnetic
field into an electronic voltage that is sensitive to the field’s strength. Here, the
environment becomes an electronic pattern that feeds the machine. This is the
first constitutive conversion in Mirage’s technical setup.

Nevertheless, this conversion does not take much design effort, since it is
performed by the sensor, which forms a concrete technical unit. As Baecker said,
it could have been any kind of signal with similar characteristics. Important to
him is rather what happens afterwards, what embodies the hallucinating ma-
chine, and this is how signals are processed and converted and not so much the
choice of signals that are rendered. Hence, the mechanism that converts the ana-
logue electronic signals of the sensor is the central embodiment of his idea.
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When I visited him in his studio, Baecker explained how he planned to pro-
cess the signals from the magnetometer in order to actuate the muscle wires.
During that visit, the setup to transmit the sensor signals was already in place.
The analogue electronic signals coming from the magnetometer were connected
to a Raspberry Pi.** A Raspberry Pi is an open hardware minicomputer compara-
ble to an Arduino board but with extended functionalities. The signals fed into
one of its analogue inputs. As the sensor was sensitive to minor changes in the
Earth’s magnetic field, the signals could be expressed in detail, spanning the
whole range of three-digit numbers (in contrast, i.e., to a binary signal). We sat
in front of a computer screen close to the sensor-Raspberry Pi setup. The screen
showed a graph with three rows of signals that changed their positions frequently
(Figure 21). 1 wondered why there were three rows, since only one signal was
coming from the magnetometer. Baecker told me that he had logged the sensor
data for 24 hours. These signals were running in the middle of the graph. In order
to make things more complex and generate three rows of related but different
signals, he had programmed an algorithm that produced an artificial signal.
Those signals were being generated by a rule based on a random selection of
patterns occurring in the logged data. Baecker explained that he would take, for
example, a row of five signals and synthesize a new signal from these based on
the probability of what signal would follow next. That way, he could generate a
signal that appeared as a simulation of what was likely to happen next, but which
was in fact only a variation of the original signal. He did so twice, so as to have
three rows of signals. The signals appeared to be different, but their rhythmic
changing vaguely indicated a relation. Baecker continued and said that this was
how he understood his metaphor of a hallucinating machine.

3.3.7 Outputs
The Difference in Grasping Types

Generally, the RBO Hand’s output is grasping. But grasping is not simply grasp-
ing an item in robotics research. Robotic hands are evaluated regarding their
performance in grasping items, and, hence, there are theories about desirable
grasps and means of distinguishing between types of grasping. Domenico Prat-
tichizzo and Jeffrey C. Trinkle have regarded the most desirable robotic grasp as
one that maintains control in the face of unknown disturbing forces (Prattichizzo
and Trinkle 2008, 672). Grasp maintenance means that the contact forces applied

43 Website for the Raspberry Pi platform: https://www.raspberrypi.org/ (last accessed April 9,
2015).
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by the hand prevent contact separation and unwanted contact sliding. Grasps that
are maintained under every possible disturbance are called “closure grasps.” A
grasp with complete restraint prevents loss of contact and thus is very secure. For
instance, the Salisbury Hand performs a closure grasp by closing its fingers
around an item and pressing it against its palm. Prattichizzo and Trinkle point
out two primary restraint properties:

(a) Form closure: A form closure grasp guarantees maintenance of contact
as long as the links of the hand and the item’s surface are well approximated and
as long as the joint actuators are sufficiently strong. Form closure occurs when
the palm and fingers wrap around the object forming a cage with no wriggle
room. This kind of grasp is also called a “power grasp” or “enveloping grasp”
(Prattichizzo and Trinkle 2008, 681).

(b) Force closure: Force closure grasps require fewer contact points to
achieve closure than form closure and rely on contact friction. A grasp that holds
a pen in its fingertips so as to write with it relies on force closure. Thus, force
closure requires the ability of a robotic system to control internal forces.

The primary difference between form closure and force closure grasps is the
latter’s reliance on contact friction. Of course, it is also possible for a grasp to
have partial form and force closure, indicating that only a subset of the possible
movements are restrained. Both types can be modeled according to how well a
robotic hand applies them to certain item shapes. These models may then define
an ideal grasp under form or force closure, and may be applied for evaluation.
Hence, they make grasps comparable.

In their second published research paper, Deimel and Brock explicitly ad-
dress the modeling of the RBO Hand’s grasping as difficult due to the nonline-
arities of compliant grasping and the large number of degrees of freedom in the
actuators (Deimel and Brock 2014). In an interview, Brock emphasized that this
causes difficulties regarding how colleagues perceive the Hand. However, for
him, performance is a matter of what a hand can do and not what grasping mod-
els a hand realizes. The presentation of the grasping results of the RBO Hand
somewhat reflects this opinion. All papers include several pictures of the Hand
grasping different items, like paper cup, tape dispenser, or bottle. The pictures
refer to the Hand’s capacity to grasp heterogeneous shapes due to its compliant
behavior. They show how one type of closing movement is sufficient to match a
wide range of shapes, as the PneuFlex Actuators have intrinsic and unquantifia-
ble degrees of freedom (Deimel and Brock 2013, 2043-4). In contrast, grasp
models can be described in schematics.

Although the Hand is actuated in one direction only, there are two distin-
guished grasping types in the 2013 paper: sliding grasps and surface-constrained
grasps. For the first type, the Hand grasps an item on a table from the side. The
second type is a grasp for which the Hand approaches the item from above and
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makes use of the table in order to pick it up (Figure 22). The results of the paper
show that the Hand performs both grasps with robust restraint. Whereas the first
type is a rather simple kind of form closure, as it applies as much surface contact
as possible to capture an item, the second type is a form/force closure mix, which
is significant for the Hand’s compliant grasping. The significance is in how the
Hand makes use of the table in order pick the item up. In Figure 22, the Hand
picks up a pair of sunglasses positioned on a table.

Figure 22: The RBO Hand performing a surface-constrained grasp (source,
Deimel and Brock 2013, 2045, Figure 9).

The Hand approaches from above and the grasp is described in four steps: 1.
contacting the surface, 2. caging the object, 3. contacting the object, and 4. pitch-
ing to lift (Deimel and Brock 2013, 2045). This procedure exploits the Hand’s
compliance, as it makes contact with the table without information about its
exact location, slides its fingertips over the surface, and pushes the sunglasses
toward its palm. The Hand’s softness makes the sliding movement possible as it
adapts to the resistance of the table. Instead of sensing its exact position in rela-
tion to the table’s surface, it simply slides over it without damaging itself, the
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table, or the sunglasses. Whereas sensor-based grasps regulate their grasping
force through data feedback, the RBO Hand does not need this loop, since the
silicone regulates the force of the air pressure by deforming its body according to
the sunglasses’ shape.

Existing grasping types do not capture well the described grasping style of the
RBO Hand. Its restraint properties imply its environment, as it uses external sur-
faces to capture items. Robotic hands based on other designs have difficulties per-
forming such grasps, as they require complex feedback data to adapt the hand’s
behavior. Furthermore, such grasping is difficult to compare, as it is not a property
of the hand alone, but a capacity to interact with the environment. These interac-
tions are somewhat beyond control, as the Hand’s behavior cannot be modeled due
to the nonlinearities of the silicone and its unconventional kinematics.

Image and Movement

Mirage’s output is a moving image: it is the reflected light of the cross-line laser
diode that is projected onto the mirror foil and from there toward the wall
(Figure 23). The muscle wire actuates the foil, which makes the reflection move
as the light adapts its beam to the continuously changing surface. The laser light
is red and produces a focused reflection that does not lighten the dark room but
remains at the wall.

Whereas I have discussed the RBO Hand’s output in contrast to established
grasping in robotics research, Mirage’s output does not articulate specific catego-
ries that correspond with shared evaluation criteria. Certainly, Mirage’s output is
described in words, too, but figures like “synthesized landscape” are associative
references to its aesthetics and not categories with which its output is evaluated.
Hence, Baecker has commonly referred to his vision of the piece and not to field
binaries as successful/unsuccessful to reflect upon his progress while tinkering.

Nevertheless, this does not mean that I regard Mirage’s output as the work
of a genius whose objects are expressions of his mind alone. On the contrary,
material conditions and technical relations structure Baecker’s tinkering practices
drastically. This is shown, for instance, in the previously described inquiry pat-
terns. Nevertheless, contingencies caused by the complexity of technical rela-
tions also determine what Mirage’s output actually is. Conceptually speaking,
Mirage’s output renders converted signals of the Earth’s magnetic field as a
moving laser projection; it renders hidden processes of interacting technical
components. However, from observing Mirage’s genesis, one can tell that such
narrative attributions mask the dirty work of concretizing technical relations. I
want to draw out two examples of aligning Mirage’s features.
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Figure 23: Mirage’s moving image (source, Ralf Baecker).

First, connecting the acrylic hooks, which were attached to the muscle wire, with
the mirror foil was a central concern of Baecker’s close to the exhibition open-
ing. For his first approach, Baecker used thin PVC foil with a non-transparent
surface. The problem was that dints in the image occurred where the hooks were
connected to the foil. Baecker used double-sided tape to connect the hooks and
foil. The minimal dints that occurred where the tape met the foil translated into
large and disturbing dints in the image. To solve that problem, Baecker placed
small foam pieces between the foil and tape in order to decouple both elements
and soften the connection. However, this was unsuccessful, as the tape’s glue
still left marks on the foil. Shortly prior exhibition, when Mirage’s architecture
was almost finished, Baecker changed from PVC mirror foil to a foil made from
acrylic glass. That foil was slightly thicker than the PVC foil and milky instead
of opaque. Hence, the new foil was not a typical silver mirror with optimal re-
flecting capacities, but a foil whose surface only reflects laser light if it comes in
at a flat angle. This trade-off concerning reflecting capacities was compensated
for by its thicker structure, which remained bendable and did not pass on the
small dints caused by the tape connectors. Substituting PVC mirror foil for acryl-
ic foil was significant for considering the image as rendering the object’s inner
processes: although a surface that is less sensitive reflects the light, it was closer
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to the process it was to render, as the image’s appearance was now structured
through the actuated muscle wire and not through sticky tape.

Secondly, the preceding descriptions of Mirage’s technical features have al-
ready indicated that its output is not fixed but has to be calibrated on site. Hence,
for its first exhibition, Baecker set up Mirage several days prior to the opening in
order to fine-tune all elements. On site, he faced several problems. For instance,
the grounding of Mirage did not work properly, which caused the failure of sev-
eral microcontrollers. Furthermore, he realized that the image was sensitive to
temperature. This entailed the problem that the image might occur differently
depending on how many people are in the room or if it is daytime or nighttime.
These site-specific variables forced Baecker to fine-tune the image in anticipa-
tion of conditions. There are four means to fine-tuning Mirage’s output on site:

1. The height of the laser diode changes the angle at which the light touches
the moving surface. This influences the three-dimensionality of the image. If the
light comes in steep, the image is only a horizontal line; if the light comes in flat,
the image becomes three-dimensional.

2. The focus of the laser makes the image fuzzy or focused. It has to be
aligned with the distance from the wall.

3. The inner frame is not fixed but can be skipped, which changes the height
of the projected image on the wall. The change in its angle has to be aligned with
the height of the diode.

4. The position of the double-sided tape, which connects the hooks of the
muscle wire with the new acrylic foil, can be altered slightly. The more distant
the three tape rows are apart, the more extensive the projected movement.

Baecker exploited these means to fine tune Mirage’s image until shortly be-
fore the opening. His objective was to keep the image stable under the changing
conditions of the exhibition room; the image was to be altered by changing inner
technical states and not due to the number of people in the room. Both examples
of aligning Mirage’s output show how the complexity of technical relations and
different materials structure what the image actually renders: does the image
appear as intended through the algorithm that converts signals, or do redundant
material properties and external conditions create the image’s appearance?
Aligning all the elements entails aesthetic, technical, and contextual considera-
tions. Mirage’s image has to articulate all these aspects so as to be open to at-
tributions that signify the image as a rendering of the machine’s inner processes
and not something else.
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3.4 Articulating Novelty through Technical Forms

In the following, I attempt to connect the distributed agency of the hybrid con-
stellation with the becoming of a new form. The perspective of distributed agen-
cy suggests the provocative question: who or what is actually grasping the item?
A legitimate answer would be similar to Rammert’s account of who flies an
airplane. His reply is as follows (Rammert 2008, 16):

“It is the hybrid constellation of people, machines, and programs. It is the mode how
the agencies of the heterogeneous instances are distributed and connected with one
another and the level of agency that is given to them in certain situations.”

Similarly, the ensemble of the Meka arm, the RBO Hand, software, and Deimel,
who maintains their relations, could be regarded as a collective hybrid actor that
grasps an item. This is certainly a sensible answer, but only when it comes to
stressing how technology works, and less how a technological object comes into
being. Stressing that actions are distributed seems to contradict the regard for a
technical object as new, as its functioning depends on several other technical
units. Hence, the question to be addressed is what characterizes the functional
relation between a new form and the hybrid constellation of its emergence.

Simondon provided an entry point to answer this question. He stressed that
technical genesis is characterized by thresholds to be crossed to enfold the poten-
tials of an object’s parts (Simondon 2012c, 5). Brian Massumi has explained that
Simondon regarded such thresholds as the moments of invention; it is when “two
sets of potentials click together, coupling into a single continuous system” (De
Boever, Murray, and Roffe 2012, 25). Thresholds are the magnitude or intensity
of energies and must be exceeded for a certain reaction to occur — they are the
moments in which something comes into effect. This perspective shifts the mo-
ment of technical invention from a novel end that signifies a collective ensemble
of people, machines, and programs toward a moment in the assemblage of an
object’s technical parts. The moment of invention is when a circular causality
kicks in that unfolds the potentials of an object’s components toward a new re-
gime of functioning. This is like the spark of a combustion engine, which crosses
the energetic threshold for the engine’s parts to function as a self-maintaining
system. Simondon stressed two aspects that concretize an object: the first is the
internal resonance of elements, and the second is the pluri-functionality of an
element, which means integrating redundant properties into a functional unit
(Simondon [1958] 2012a, 19ff.).

However, I have already stressed that, despite of Simondon’s technical ex-
amples, ideal types characterize his thinking; moreover, his examples, like the
Guimbal turbine, are technical inventions whose inventive value is accounted for
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retrospectively as exceptional embodiments of technical progress. Hence, it is
difficult to empirically search for moments of self-sustainability in the RBO
Hand’s or Mirage’s forms in order to account for whether they may be regarded
as novel or not. However, Simondon’s thinking can guide identifying moments
or relations through which both forms’ technical parts interlink and moments of
circular causality kick in. In return, these moments are novel articulations of
constellation and form.

In terms of the RBO Hand, the actors already address such kicking-in of
synergies that unfold through the relation of technical parts. For instance, Deimel
has stressed the non-linearity of silicone that makes modeling difficult, while
Brock has stressed that creating behavior is more important to progress in robot-
ics than new theories. Hence, both anticipate that there is a moment in the
Hand’s genesis where the form gains autonomy and exceeds their controlled
modeling. In the assemblage of the Hand’s parts, silicone is certainly a key com-
ponent, and its design exploits the material’s potentials. The manufacturing
method manipulates the silicone in different ways. The form assembles an active
and passive layer so as to exploit the silicone’s deformability through the active
layer, and the silicone’s cohesiveness and friction through the passive layer. The
Hand can only exploit these characteristics for grasping, because both layers are
glued together as a unit that is bendable in a directed and controlled manner,
supported by the helix twining around each finger. However, so far, these are
only potentials, and the Starfish Grabber embodies them as well. What makes the
RBO Hand different is its palm and the option to mount it on a robotic arm,
which opens the object to become part of a technical structure. The palm is a
passive part that supports the Hand’s grasping as a resistant surface, against
which the PneuFlex Actuators can push an item. This broadens the range of
grasps compared to the Starfish Grabber, as the Hand may pull items over a
surface and, from there, lift them. For this grasping, the Hand needs to be
mountable onto a sophisticated robotic arm, as the arm moves it into an appro-
priate angle toward an item. As described in the Hand’s output, this creates a
distinctive style of grasping that performs grasps that are very difficult for other
robotic hands to perform. For those grasps, the Hand exploits the silicone’s com-
pliance and integrates the material’s deformability, cohesiveness, and friction, as
well as the passiveness of the palm into a functional unit. This is the functional
solidarity of components kicking in, which Simondon characterized as concreti-
zation, the pivotal moment of technical progress (Simondon [1958] 2012a, 19ff).
Differently from Simondon, who would have regarded the technical infrastruc-
ture as imposing standardized forms, the Hand’s unconventional design builds
upon the abilities of the Meka arm for its new form. The point I want to make
here is that the Hand’s novel grasping style articulates the hybrid constellation.
The technical infrastructure not only imposes standardized forms, but also allows
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new forms by distributing agency. The RBO Hand’s form articulates novelty in
the moment when heterogeneous entities connect: when the form combines the
directed deformability of the silicone fingers with the passive resistance of the
palm in such a way that both connect as a material unit, which is mounted on the
Meka arm that drives it into a grasping position, from where the fingers can
perform a grasp that exploits the material’s compliance. This moment of con-
necting parts, when the hybrid ensemble performs a surface-constrained grasp, is
the relevant threshold to be crossed and articulates novelty, because, from then
on, the potentials of the PneuFlex Actuators become effective as a distinct type
of grasping. The RBO Hand integrates parts as a functional unit whose synergies
only unfold because they cross their potential’s threshold by means of the hybrid
constellation. The Hand becomes part of the constellation, and, through the
clicking-in of components, the agency of the whole ensemble changes. The form
that concretizes the functional solidarity of its components, while equally build-
ing upon the abilities of the constellation to unfold its potentials, characterizes
this articulation of novelty.

For Mirage, the relation between the novelty of its form and the constella-
tion of its emergence is different. Clearly, Mirage does not become part of a
constellation that consists of other pro-active technologies like the Meka arm.
The assemblage of Mirage’s technical features shows that the border between the
technologies that are tools and conditions of its engineering and technologies
integrated into its form is fluid. As said, the RBO Hand’s form articulates the
Meka arm’s functionalities, but, for Mirage, the fluidity between the inside and
outside of the form is material integration or rejection and does not script a stable
set of materials. Mirage did not have a stable material core from the beginning
like the RBO Hand’s silicone; rather, different materials were tested, tinkered
with, evaluated, and fitted into the evolving form or, respectively, excluded. A
pivotal example of the fluidity of this boarder is the Arduino board, which
Baecker used for testing just as he integrated it into the form — or the muscle
wires that were at hand in the studio and later assembled with the acrylic bow as
a unit that replaced body and strings as actuators. The selection of Mirage’s parts
focused on their ability to connect to each other and the potentials that were
unleashed through their connection. In some moments, Mirage’s assemblage
concretizes its form in Simondon’s sense; however, in other moments, it follows
an opposite mode. A concretizing efficacy is found in, for instance, the integra-
tion of muscle wires, which are pluri-functional, as they connect two parts and
work equally as actuators. In contrast, the integration of laser light made Mi-
rage’s form less concrete than its preceding test structure of wooden plates and
strings, because the strings are both actuators and image at the same time,
whereas the laser diode is an additional unit with no other function than produc-
ing light. Similarly, the conversion from analogue sensor signals to digital algo-
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rithms and back to analogue outputs raises the number of technical parts and
connections. The increasing complexity distributes Mirage’s agency among
multiple and heterogeneous hardware and software entities. Through accumula-
tive parts and the increasing number of connections, the level of agency increas-
es in Rammert’s sense: from causal efficacy to contingent behavior, which may
be attributed a kind of intentionality, as the resulting light movements are di-
rected according to opaque processes (cf. Rammert 2008). In Mirage’s form, the
integrative accumulation of parts characterizes the relation between a new form
and constellation. In contrast to the RBO Hand, whose constellation is open to
incorporate a new form, Mirage’s form is open to incorporating agents of the
constellation in which it evolves. Within this accumulation of components is a
moment when Mirage’s form crosses a threshold that articulates its novelty. This
includes: when the Arduino board converts the sensor signals; when the output
signals trigger the muscle wires; when these pull down the springs that are dou-
ble-taped to the acrylic foil; when all of the 3x16 contact points contingently
make the foil move; when the laser light touches the moving foil; when the angle
of the laser light is flat enough to create a three-dimensional focused projection.
Why is this novelty? Because, when these parts work together, the form articu-
lates its complex technical connections and the aesthetics of a moving image.
This is when Mirage’s form individuates and articulates novelty.

The relation between form and constellation, which is different for both ob-
jects, shows that novelty is not a property of an object. Asking for form in the
sense of Cassirer (Cassirer 1985) emphasizes the active character of finding
connections and stabilizing them in a functioning set of relations whose elements
become effective through their sequential order. This shifts the focus of defining
technology from its end toward a definition through its becoming. The crossing
of thresholds articulates novelty and makes parts function in a manner that ex-
ploits the capacities of their elements. This process individuates an object while
still being relational, as it happens within a hybrid constellation that incorporates
new forms or may be incorporated by a form.

But what about Deimel and Baecker, the human designers of these constel-
lations? Was not the assemblage of both forms guided by the concepts and imag-
es they had in mind? Should novelty not be regarded as their invention or at least
as the embodiment of a new and valuable concept, which is the product of hu-
man creativity? Yes and no. Surely, both actors assemble both forms according
to their intent to build a specific kind of object. This intent accounts for how the
form relates to and/or differentiates from the formats of robotic hands and cyber-
netic machines. Furthermore, Deimel and Baecker anticipate how parts may
work together and assemble them according to their imagined fitting. Stressing
these human efforts regards the effective cause (causa efficiens) as the reason for
a new form. However, such an explanation is somewhat limited, as it may not
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account for the material agency that makes bits and pieces converge and click in.
In both forms, this material agency is efficacious. The RBO Hand creates behav-
ior instead of illustrating a concept, which builds upon the silicone’s agency
exceeding human governance. Similarly, Mirage’s image is a rendering of agen-
cies that precede the assemblage of its parts. Hence, both forms’ novelty is an
articulation of human and material capacities. For instance, the appropriation of
knowledge like technical formats or the tacit knowledge of aesthetics is a human
capacity, but, in forms, this knowledge only becomes effective when combined
with material capacities like the silicone’s softness or the muscle wire’s contrac-
tion and release. Such capacities belong to the material potentials, and less to the
cognitive schema in the designer’s head (cf. Simondon 2012c; De Boever,
Murray, and Roffe 2012). In this sense, I regard articulation as a more appropri-
ate way to explain the novelty of forms than regarding technology as an inven-
tion. Articulations stress how heterogeneous elements come together and con-
nect; novelty of form is then the crossing of thresholds when parts click in and
work together as a technical unit.

3.5 Excursus: Two Techno-Aesthetics

The preceding section describes how a technical form evolves within hybrid
constellations. I describe novelty as an articulation of elements that work togeth-
er and become effective through their circular causality. This articulation of
novelty is a pre-condition for sense-making processes, such as applying techno-
logical objects in different contexts or re-interpreting the cultural meaning. In the
following section, I want to describe another articulation of novelty through
technological forms — through their aesthetics. These aesthetics entail moving
somewhat away from causa formalis toward causa finalis, the sense-making of
change. Nevertheless, the following account tries to stay in between both causes;
it will not dissolve the form into the context of experiencing its affective quali-
ties, yet. The account of aesthetics advanced here remains concerned with the
bits and pieces that work together and the modes of their connections.

In an unsent letter to Jacques Derrida, Simondon wrote about “techno-
aesthetics,” whose primary category is not contemplation, but action and becom-
ing (Simondon 2012c¢). In his letter, Simondon refers to several examples rang-
ing from simple-and-clever tools, like adaptable cycling wrenches, up to purist
designs of viaducts; however, his pivotal example is the architectural approach
of Le Corbusier. He referred to Le Corbusier’s avoidance of roughcasting as
“respect for the material” (Simondon 2012c, 2). Whereas others try to hide the
raw construction behind paneling, Le Corbusier integrated redundant material
characteristics into a building’s design. Simondon called this “phanero-



3.5 Excursus: Two Techno-Aesthetics 159

technics,”* which he also saw in the purist metal designs of the Eiffel Tower and

Garabit Viaduct. According to Simondon, these buildings are perfectly function-
al, successful, and beautiful (Simondon 2012c¢, 2):

“It’s technical and aesthetic at the same time: aesthetic because it’s technical, and
technical because it’s aesthetic.”

He regarded this as the fusion of the technical, which manifests as working and
functioning, and the aesthetic, which addresses its affective qualities. In particu-
lar, when technologies stray from norms, they enact affective qualities, for ex-
ample, when a wrench copes with different screws through its seamless adapta-
bility. In contrast to “consumer aesthetics,” Simondon saw techno-aesthetics as
fundamental moments unfolding in practice, usage, and engineering:

“It’s about a certain contact with matter that is being transformed through work. One
experiences something aesthetic when one is doing a soldering or driving in a long
screw.”

I want to pick up Simondon’s remarks and delineate two techno-aesthetics enact-
ed through the RBO Hand and Mirage’s form. The first techno-aesthetic is sim-
plicity, characterized by the connection of only a few components that work
together and thwart more complex technologies. In robotics discourse, this aes-
thetic is expressed in underactuated designs, which have more degrees of free-
dom than actuators (Controzzi, Cipriani, and Carrozza 2014, 226-7). The RBO
Hand is an extreme example of such designs: it is actuated by only one signal
(inflating/deflating) while embodying multiple, innumerable degrees of freedom.
The RBO Hand achieves this ratio by exploiting the compliance and deformabil-
ity of silicone, while equally ensuring enough grasping robustness through its
layer design. The aesthetic quality of its form is shown in the performative en-
actment of the Hand’s grasping style in video-stills that illustrate research results
instead of theoretical modeling. The Hand does not rely on additional sensors for
grasping items, but adapts to the environment through interaction, made possible
by the allocation of three silicone fingers and a two-section palm. Furthermore,
its assemblage of silicone, twining, and plywood is not hidden but visible; there
are no non-functional components assembled in the Hand, whereas other robotic
hands implement additional components as, for instance, to make a hand appear
anthropomorphic. It is the simplicity of a few components clicking in so as to
enact complex grasping movements that gives an affective quality to the Hand.
Functionality, not schematic modeling, performs this techno-aesthetic.

44 From the Greek word phaind, which means to bring to light, to cause to appear; phanero trans-
lates as visible or manifest.
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Mirage’s form also integrates technical relations characterized by simplici-
ty, such as the muscle wire that connects and actuates two parts. Like the
phanero-technics, which Simondon regarded as having an affective quality due
to the visibility of technical processes, Mirage has an open architecture that lays
bare the assemblage of heterogencous digital and analogue components, its
acrylic skeleton, wires, springs, screws, and so on. However, in contrast to the
RBO Hand, its architecture is not simple but complex. The complexity of mani-
fold components that are functionally related but opaque in terms of their coor-
dination enacts this second techno-aesthetic. Mirage performs the aesthetics of
complexity through its visual output. Its image renders technical processes that
would otherwise remain incomprehensible. Mirage’s form integrates multiple
components that stem from the constellation of its formation. Technical relations
accumulate over the course of its formation in order to find a form that converts
unpredictable signals into a fluid movement. The peculiar tension between visi-
ble components and contingent output enacts the affective quality of complexity.

This approach to technological forms complements the argumentation
above. Not only becoming and causal efficacy characterize the qualities of tech-
nological forms, but also their affective qualities. Such techno-aesthetic qualities
are not a matter of passive observation and silent contemplation, but entail expe-
rience and engagement with technology. This causes them to infiltrate the tinker-
ing with and designing of objects. Techno-aesthetics capture the simple pleasure
of making things do something they have not done before — making forms simple
or complex, but foremost making them work.
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In the preceding chapter, I delineate novelty as articulated through a technical
form. Novelty is the moment when things work together, when parts click in and a
material assemblage individuates. However, it is not every scholar’s approach to
use novelty as a concept for capturing such moments in material practice. The
perspective of biographical passages regards novelty as cultural valorization, which
is not concerned with material practice but with discourses. Using novelty as a
concept to capture valorization is a focus, for instance, of media philosopher Boris
Groys. For him, the new is the valorized other (Groys 1992, 42 ff.). Whereas oth-
erness and difference do not entail positive acknowledgment as such, in the sense
of not enfolding the societal values of an object’s significance, novelty includes
such acknowledgment of difference as culturally valuable, relevant, and desired. In
this sense, his perspective focuses on the difference of differences, as some differ-
ences are valued as originality and others remain irrelevant.

In the following chapter, I move toward Groys’ concern about novelty as
the valorized other and delineate how the RBO Hand and Mirage become valor-
ized contributions to robotics and media art. Whereas I have dealt with ideas in
Chapter 2 to delineate how the identity of a not-yet-materialized object is articu-
lated, my concern here is how the stabilized technical form signifies its differ-
ence in relation and opposition to other existing objects. However, I do not shift
entirely to Groys’ discursive perspective, which would entail beginning with
both objects’ public recognition. Rather, I remain concerned with practices and,
again, start in the laboratory and studio. This allows tracking of how both ob-
jects’ difference or otherness is made perceivable and of what is selected, enact-
ed, and articulated as novelty.

In contrast, Groys begins in the archive. As said, for Groys, novelty is not
simply difference, but the valorized other — the other that is found valuable
enough to be preserved, investigated, commented on, and criticized in order to
prevent its disappearing (Groys 1992, 43). The archive is the crucial marker in
this valorization. Whereas, intuitively, archives are not associated with novelty,
as they are places where historical documents and records are kept and not pro-
duced, Groys has counteracted this intuition and argued that novelty only be-
comes a positive demand when identity is maintained instead of endangered
(Groys 1992, 23). In this sense, archives preserve identity, as they prevent the
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old from vanishing over time. If no archives existed, societies would need to pass
on intact traditions via language and rituals, which would hinder innovation, as
the new would come as a threat to tradition, so Groys has said. Archives make
identity accessible, as they are societal memories with the ability to store the old
that, in return, make a future-oriented society possible. The archive allows for
the comparison of cultural products with what came before and the selection of
what products mark substantial progress. Hence, novelty can be distinguished
from the sheerly different, as it is brought into relation with the old, which has
already been captured and valued in the societal memory.

This makes novelty a value that requires a reference in the cultural archive.
Referencing is not only possible for authors, but also for their critics, who can
equally access the archive and compare the potentially new to what came before
(Groys 1992). This referencing allows individual judgment and, likewise, public
discussion about the new. In this regard, Groys entails critique as an integral part
of valorization. In an essay in which he addressed technical innovations in par-
ticular, he noted that critique is inherent to technical innovation and not some-
thing external — it is a driver of technology. Groys pledged to regard technologi-
cal progress not as a temporal linear order, but as a reaction to critique and de-
mands from heterogeneous sites and positions (Groys 1997, 25). This critique
relates the potentially new to the repertoire of approved, canonized, and tradi-
tional technologies stored in the societal archive.

Groys’ archive is a conceptual notion whose pivotal concern is the relation
between novelty and the societal or cultural memory. The abstraction of the ar-
chive-concept is heuristically attractive, as it allows one to use novelty as a con-
cept instead of dropping back to actors’ semantics to define what novelty is.
Moreover, Groys is very clear about what novelty is: new is what enters the ar-
chive (cf. Groys 1992, 44). In his essay on technology, he used the abstractness of
his concept to illustrate that valorization through archiving is not limited to the
practices of museums and art collections, but is also effective in technological
practices such as, for instance, in the sense of patent archives (Groys 1997, 27).
Furthermore, and heuristically more important, the abstractness allows for the use
of novelty as a concept without necessarily including the actors’ judgment of
whether the new is morally good or bad. Again, this is clearest in his technology
essay, as he specifically addressed that entering the archive enables critical en-
gagement with technology. Entering the archive entails discussing, criticizing,
rejecting, or continuing the new in a different form, or that discourse may even
valorize opposing life forms. Besides novelty as a conceptual account, I want to
stress another positive element in Groys’ concept and the relation of old and new:
referencing. He understands referencing as an activity of authors (artists, engi-
neers, etc.), who reference what is in the archive so as to distinguish between their
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own product and others and institutions (the museum, curators, the patent office,
etc.), which reference the archive so as to relate the potentially new to the shared
cultural history. In so doing, Groys marks the path into the archive as a multi-sited
activity and not simply as recognizing a passive object. This entails referencing as
not one clearly defined way into the archive, but as something that can be acted
out differently: the logic of the archive dictates what form an inscription into the
archive has to take, but not the act of inscribing (Groys 1997, 27).

However, these positive attributes of Groys’ archive — abstractness and ref-
erencing — are the issues of my critique as well. Groys uses the archive as an
abstract concept in the sense of a material and technical cultural memory, but
does not consider archives on a lower level of abstraction. He only occasionally
gives empirical examples, such as the museum or the patent register, but does not
delineate what is specific about archives in, for example, art, science, economy,
or politics. This limits the scope of his concept, because it may only account for
novelty and not for different forms of novelty. Differentiating what novelty is in
different contexts and situations is necessary for tracking how technological
objects become objects of science, art, or any other field. Furthermore, this lack
of differentiation makes the role of referencing unclear. Groys’ account may use
referencing to link the old and new, but fails to address what accompanies such
activities. This is, for instance, how referencing selects, interprets, and reconfig-
ures the old, as well as how referencing selects what is enacted as the novelty of
a potentially new object.

Such selective processes are the concern of science and technology studies.
These focus on how laboratory settings actively construct discursive representa-
tions of scientific realities. Hence, they trace what is selected by referencing and
what this selection enacts as potentially valuable elements of scientific work. This
entails stressing the subsequence of forms that translates experimental events into
scientific results. One term that captures such translational activities is Latour’s
“immutable mobile” (Latour 1987). Although Latour did not advance the term
toward a profound concept, it is a continuation of arguments concerning articula-
tion and his idea that scientists bridge discourse and form by connecting entities
through alliances. As stressed in the introduction of this study, one of Latour’s
major concerns is not to regard the world and language as a dichotomy in which
language simply captures the world as it is. Rather, he proposes regarding the
relation of the world and language as a chain of translations from matter to form
(Latour 1999, 24ff.). Through articulating world and discourse, the world is al-
ways selectively manipulated and aligned step-by-step with the epistemic tech-
nologies of scientific discourses. This is, for instance, how Munsell charts (form)
classify soil samples (matter), which then enter subsequent procedures as a circu-
lating reference. Hence, world and language, matter and form, are related through
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alliances of multiple human and non-human actors. Coming from this end of
Latour’s work, immutable mobiles are a continuation of such chains that connect
world and discourse — nevertheless, they entail a shift. This shift is their ability to
travel without loss of stability. Latour introduces the term in the sense of a “mobi-
lization of the world” (Latour 1987, 223 ff.). He wrote (Latour 1987, 227):

“All these charts, tables and trajectories are conveniently at hand and combinable at
will, no matter whether they are twenty centuries old or a day old; each of them
brings celestial bodies billions of tons heavy and hundreds of thousands of miles
away to the size of a point on a piece of paper.”

Immutable mobiles, like charts, tables, graphs, maps, etc., translate events into a
form that is durable and displaceable. Unlike soil samples, they do not erode, but
are stable enough to be transported back and forth, and, hence, become means “to
act at a distance,” so Latour (Latour 1987, 229). In this sense, immutable mobiles
“describe not displacement without transformation but displacement through
transformation” (Latour 2005, 223, author's emphasis). This selective transfor-
mation is what Groys’ referencing misses. Latour shows how referencing always
selects bits of the world in alliance with the epistemic technologies of discourses,
and, furthermore, how referencing is a subsequent chain of translating matter into
form, and forms into different forms, in order to make events become immutably
mobile, and that which may eventually become part of the archive.

However, Latour’s translational referencing misses valorization. Latour
concentrates on how forms articulate matter and discourse, but he does not in-
clude shifts that mark an object’s cultural value. This is, for instance, how refer-
encing individuates an object so as to signify its difference from what came be-
fore. To conceptualize this, one needs to combine the archive that marks an ob-
ject’s difference from the old with the selective materialization of events that
makes references travel. Furthermore, one needs to address how references differ
and how they become signifiers of a specific kind. Hence, in the following sec-
tion, I ask how objects travel into the discourses and how their value is attribut-
ed. I attempt to delineate the production of immutable mobiles, how references
make objects different from what came before, how discourses reiterate selected
elements, and how difference becomes a shared value.

To do so, I use my basic heuristic of articulations that connect figures, tech-
nicity, and enactments. Nevertheless, these are very basic assumptions that also
signify identity and form as articulations of novelty. Hence, I apply some termi-
nology derived from discussing Groys and Latour, which is significant for the
discursive activities of articulating difference as novelty. These concepts are
discursive practices, translating, and referencing. Discursive practices are shared,
standardized, and materialized forms of statement-production, such as press
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releases, scientific articles, and talks (Keller 2007, 64). They are structures that
describe the logic of the archive and dictate what form an inscription into the
archive has to take (cf. Groys 1997). Translations are activities structured by
discursive practices. They are linear activities that change something from one
medium into another and, in so doing, capture and reify otherwise dissolving
events. In this regard, they are basic activities of creating immutable mobiles,
entities that represent selected elements of a network (cf. Callon and Latour
1981; Callon 1986). References are activities, too, but, in contrast, they create
meaning by alluding to similarities and differences between one object and other
objects. They can be of different natures: they may differentiate kin concepts,
enact shared imaginaries and figures, or evoke meaning through associative
similarities of presumably distant objects. Furthermore, referencing is an activity
performed by authors as well as critics. Hence, articulating difference as novelty
is a matter of bridging the gap between the world and discourse from both sides:
from the laboratory and studio side, in the sense of Deimel and Baecker referring
to kin objects in their own papers and talks, and from the discourse side, in the
sense of critics, colleagues, or institutions perceiving the RBO Hand and Mirage
and discussing their values in relation to other objects.

A main methodological problem in this section is the ongoing valorization
of both objects. By the time I am writing this text, a subsequent version of the
Hand already exists and is being increasingly referenced by other roboticists.
Similarly, Mirage’s journey through exhibitions is surely not finished, yet.
Hence, this section is an account of the events that [ was able to capture, limited
by the economics of my writings. Nevertheless, my comparative ethnography
has reached a natural saturation: the RBO Hand has been published, cited, and its
descendant awarded; Mirage has been exhibited, discussed, and awarded, too.
Hence, both authors have channeled their objects into discourses, and these have
recognized and valorized their novelty. It is on this tipping point that I focus,
instead of giving a comprehensive account of both objects’ valorization, whose
end cannot be foreseen.

The empirical account begins with sketching selected discursive practices of
robotic grasping and media art, related to the valorization of the RBO Hand and
Mirage. From there, I move back to the laboratory and studio, where I follow
how experiments and tinkering practices translate events into immutable mo-
biles. In opposition to the frequent switching between the RBO Hand and Mirage
in the previous chapters, this section’s structure increasingly separates both ob-
jects. This is partly due to the conceptual question, which attempts to delineate
different kinds of referencing and archival relations, and partly due to my empir-
ical observations. A pivotal difference in the latter is a scientific experiment
conducted by Deimel, for which I did not find a reasonable equivalent in Baeck-
er’s practice. As I show, an experiment in robotics is not an open exploration, but
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is itself a result of aligning form, constellation, and discourse. Standardized pro-
cedures structure robotics experiments and inscribe the valorization structure of
the field into the laboratory setting. Hence, such differences in empirical obser-
vations enforce a change in the structure of my writing and, furthermore, signify
that objects become objects of science as well as art. Nevertheless, the accounts
of both objects focus on the translation of events and the different kinds of refer-
encing practices. Following the actors’ activities, I analyze the recognition of the
RBO Hand and Mirage in robotics, media art, and public discourses. I close this
section by addressing the articulation of difference as novelty.

4.1 Discursive Practices

As mentioned, Groys is very unspecific about archives when it comes to archives
outside the art sphere. Furthermore, his focus on museums and libraries seems
somewhat outdated, particularly as media art is coordinated through more temporal
formats, such as festivals, that stabilize the value of contributions, for example,
through awards. Hence, I regard what the relevant archive in robotics and media art
is as an empirical question that can be addressed after following the RBO Hand’s
and Mirage’s discursive recognition. Nevertheless, there are standardized ways or
channels into the archive that an object has to take in order to be recognized and
valorized through a discourse. In discourse analysis, such channels are commonly
regarded as discursive practices: materialized forms of statement production, such
as press releases, scientific articles, or talks (Keller 2007, 64). These prescribe how
something is communicated and the discursive scenery in which this happens.
Hence, it is rather the structure of a discourse that discursive practices describe, not
individual actions by actors. In the following, I briefly map such general practices
so as to account for the pre-structuring of the channels that the RBO Hand and
Mirage might take in the course of their recognition and valorization. These prac-
tices entail sites such as conferences, exhibitions, festivals, and written publica-
tions, as well as graphic representations and iconographies, which reproduce field-
specific figures through visual codes. The illustrative examples are chosen accord-
ing to the RBO Hand’s and Mirage’s discursive contexts, and most of them play a
role in the later sections of this account.

4.1.1 Conferences, Festivals, and Galleries
In robotics, there are plenty of national and international conferences. Some of

these are specialized for specific domains, while others are broader or have desig-
nated streams for more specific research issues. Within the convolutedness of con-
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ferences are a few major international ones that gather contributions from most
robotics domains. One of these is the International Conference on Robotics and
Automation (ICRA), hosted annually by the IEEE Robotics and Automation Socie-
ty. These are large-scale events that include industry exhibitions and keynotes by
major scientific authors in the field. Contributors present their papers in thematic
sessions and often publish these in designated conference proceedings. In 2013, the
ICRA accepted 40% of submitted papers.*> Hence, there is a quality selection for
entering such conferences. In general, talks have the typical structure of scientific
talks consisting of PowerPoint presentations of about 15-20 Minutes. Despite ma-
jor conferences such as the ICRA, there are also specialized conferences in small
domains such as soft robotics. Soft robotics is a rather young domain that seeks to
exploit the potentials of deformable and adaptable materials.

Similarly to the ICRA in robotics, there are also major media art festivals.
One of these is the Prix Ars Electronica, held annually as an award ceremony in
Linz, Austria, and accompanied by a festival that includes exhibitions of art
pieces and conference talks. Since 1979, the festival has awarded outstanding
contributions to electronic arts in different domains. Common to media art festi-
vals, like Ars Electronica, Transmediale in Berlin, and the Dutch Electronic Art
Festival (DEAF) in Rotterdam, is a conference theme that addresses societal
challenges concerning technology and new media, such as “POST CITY — Habi-
tats for the 21st Century,” which was the festival theme of Ars Electronica 2015.
Thus, it is very common for festivals to appreciate art pieces that comply with a
normative statement. Festivals are also sites that capture the variety of media art
and its boundaries with electronic music, graphic and new media design, and
science. One of such multi-referential festivals is the Fiber Festival in Amster-
dam, which hosts media installations, audiovisual performances, and DJ and live
sets, as well as workshops and lectures by artists and media researchers. In 2015,
the Fiber Festival gathered such various contributions under the theme “The
Subterranean — Exploring Networked Tools and Matter,” which aimed at investi-
gating the use of digital tools to create, navigate, and excavate “a hidden digital
landscape.”*® Besides festivals, there are also regular exhibitions hosted by pri-
vate galleries, public cultural centers, and museums. The ZKM in Karlsruhe is a
museum dedicated to media art that also hosts many activities surrounding the
media art discourse. In Berlin, a large media art scene launches bottom up initia-
tives to exhibit artworks. One of those non-profit initiatives is LEAP Gallery
(Lab for Electronic Arts and Performance), which hosts group and solo exhibi-
tions and performances. The temporarily funded gallery hosts a program of new
and internationally well-recognized artists despite its lack of institutionalization.

45 See the survey under http://www.icra2013.org/ (last accessed May 18, 2015).
46  Website for the Fiber Festival 2015: http://2015 fiberfestival.nl/ (last accessed June 24, 2015).
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4.1.2 Journals, Books, and Catalogues

In robotics, articles are a major discursive format for publishing research results.
Monographs are less typical for publishing results, but they are more common as
state-of-the-art overviews or for meta-discussions (cf. Brooks 2005). Frequently
updated robotics handbooks are resources, particularly for teaching (cf.
Melchiorri and Kaneko 2008; Balasubramanian and Santos 2014). For publish-
ing the RBO Hand, there are two kinds of relevant articles. Conference proceed-
ings commonly publish contributions and differentiate between short and long
papers. Depending on the conference and the hosting institution, proceedings are
well recognized in the field and considered a significant research publication.
Commonly, conference papers precede the second kind of articles that is relevant
to the RBO Hand: peer-reviewed journal articles. As in many other disciplines,
these are the major signifiers of what counts as a meaningful scientific contribu-
tion. Although robotic grasping is an established and institutionalized domain in
robotics research, there are only a few specialized journals. Major robotics jour-
nals, like Autonomous Robots and The International Journal of Robotics Re-
search, are publication sites for robotics in general, but also publish special is-
sues on advances in grasping (cf. Ben Amor et al. 2014; Dollar et al. 2014).

In media art, written publications document recent developments or archive
media art histories. There are peer-reviewed journals that cover media art as
well. There are general art journals such as Art Journal or Journal for Aesthetics
& Culture, and journals, like Convergence, that deal with new media in particu-
lar. Authors in those journals are not only art historians or media researchers but
are also media artists who build artworks as well as write about general issues in
the field (cf. Kac 1997; Penny 2000). Furthermore, there are different book for-
mats covering media art. There are, for instance, books mapping the topics that
co-evolved with the advent of media art (cf. Wilson 2002; Lischka and Sick
2007), and exhibition catalogues that are retrospectively accounted for as pio-
neering events, like Cybernetic Serendipity, which covers the 1968 exhibition in
London (Reichardt 1968). Designated texts commonly accompany exhibited
media art installations and explain the technical concept of an artwork or include
a larger narrative to signify the artworks’ meaning, like the idea of a hallucinat-
ing machine behind Mirage.

4.1.3 Graphs, Models, and Technical Drawings
The structure and writing practices in robotics publications entail scientific for-

malization like mathematical equations or diagrams and graphs. These practices
capture formalized models as well as representations of experimental research
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results. Mathematical models of grasping are formalized so as to capture and
predict the behavior of robotic hands and items grasped under the various load-
ing conditions that may arise during grasping (Prattichizzo and Trinkle 2008,
672). They simulate gasping and define ideal grasping types and allocations.
Hence, models are benchmarks for evaluating whether or not grasping perfor-
mance is optimal. They are commonly formalized equations that capture forces
and loading conditions, or models as technical drawings that illustrate joints and
angles of optimized force control. Nevertheless, models require robotic hardware
that matches the undisturbed performance represented in models. Grasping mod-
els are theoretical means of representation and are typical for analytical ap-
proaches in robotics, while graphs are common ways to represent the empirical
results of experiments. Graphs capture grasping performances under various
conditions. They capture, for example, tested parameters such as forces or posi-
tions, as well as success rates for different items (cf. Dollar and Howe 2010).

In media art publications, graphs, models, and technical drawings are not
common representational practices. Art history and media studies, which are
typical media art discourses, have a different epistemic and representational
culture than robotics or, more generally, the natural sciences, and do not include
mathematical formalizations or schematics in their discussions of artworks.
Instead, they rely mainly on written texts and images.

4.1.4 Images, Videos, and Visual Codes

What robotics and media art discourses share are manifold images and videos that
reproduce the objects discussed. Either these portray objects in a specific way, or
discursive practices display them alongside a new object as specific signifiers.
Portraits entail visual codes that are significant to a particular discourse. Umberto
Eco explains that visual codes select specific elements of pictures and relate them
to previous experiences (Eco 2002, 202). Hence, they are, on the one hand, signifi-
ers of the referenced object and, on the other hand, visual stimuli that continue in a
discourse and relate an object to others in the sense of kinship.

Concerning robotic hands, such visual codes commonly include anthropo-
morphic elements. This happens, for instance, in images where robotic hands
hold mundane items. The affective quality of such images not only addresses lay
people, but also scientists. Brock, for instance, recounted how he saw a video of
a silicone grabber picking up an egg and, inspired by that thought, he considered
that this could also be an approach to tackling the problem of robotic grasping.
The visual code of an egg refers to the fragility of its shell; as such, it signifies
the particular hand as compliant and sensitive. This code continues in the robot-
ics discourse. In public images, robotic hands with anthropomorphic designs
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commonly hold fragile items, like an egg or light bulb, by applying a pincer grip.
The pincer grip is a force-closure grasp that requires a thumb and an opposing
pointer finger. In Figure 24, the Shadow Hand*’ performs a pincer grip to hold a
light bulb. This kind of portrayal is particularly significant for humanoid robots,
since pincer, or precision grips, are thought of as being of a specific human and
primate capacity (Butterworth and Itakura 1998). In this sense, the pincer grip
transports an evolutionary meaning that signifies the hand as “almost human”
(cf. Castafieda and Suchman 2014).

This “almost” or not-quite human is a significant tension for robotics imag-
es. On the one hand, hands perform their anthropomorphic abilities, as in the
pincer grip or the spreading of their fingers, and, on the other hand, portraits
maintain their technological origin, as they show cables, wires, tubes, and other
mechanics. However, this is not to be confused with Simondon’s phanero-
technical aesthetics, which he regarded as affective qualities of raw and undis-
guised materials (Simondon 2012¢). On the contrary, visual coding in robotics is
selective in its reproduction of technical elements. It is only the positively
acknowledged parts signifying an object’s sophisticated engineering, like joints
and tendons, that are displayed in images. The infrastructure needed to drive a
robotic hand and that constitutes its technical functioning vanishes from por-
traits. In robotics discourse, portraits that share these elements are ubiquitous.
This is significant for robotics as an engineering science whose concepts strongly
relate to their embodiment.

Besides image portrayal, videos of moving robots are standard in robotics
discourse. Institutes’ or companies’ websites and designated YouTube Channels
display them to show off a given robot’s capacities. The visual codes are similar-
ly selective concerning those of portrait pictures: they usually involve mundane
items grasped by robotic hands, and the larger infrastructure vanishes. In robotic
grasping, videos commonly reproduce grasping experiments — however, without
failures, or only those that can be accounted for as a new research tasks.

Whereas robotics is a scientific field with strong visual codes in its images,
media artworks do not necessarily share more visual codes than works from
other art fields. It is common sense that art history discusses artworks in terms of
their semiotics, which entail specific visual codes and their iconographic mean-
ing. In the case of Mirage, I also address aspects concerning the symbolizing
relation of its image and the idea behind it. However, I will not move to a semi-
otic analysis of Mirage’s or media art’s general visual codes. What I want to
mention here are some visual codes concerning the discursive fluctuation of

47  Shadow Robot is a robotics company, see: http://www.shadowrobot.com/ (last accessed May
27,2015).
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Figure 24: Shadow Hand holding a light bulb (source, Shadow Robot
Company).
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media artworks. This includes, for instance, ways of portraying media artworks
that share similarities with robotic hands. Similarly to robotic hands, displaying
technical elements is common to portraying media artworks, which is shown, for
instance, in the online documentation of contributions to the Prix Ars Electroni-
ca. The portraits of nominees in the category of Hybrid Art highlight the tech-
nical complexity of the artworks. The online slideshows include pictures that
capture the full size of installations, as well as close-ups of single elements.*
Portraits of the winning contribution share these codes: pictures show close-ups
of electric sparks and pumping liquids as well as the complete installation span-
ning the whole exhibition room. Complexity becomes a narrative in these pic-
tures, signified by showing detailed connections and large-scale effects. Fur-
thermore, many contributions are accompanied not only by written text that ex-
plains the technical concept and embed an art piece in a larger narrative, but also
by technical figures. Such figures are drawings that illustrate the technical work-
ings of an installation. However, it is not merely the content that is significant; it
is also the technical character of such schematics and their resemblances to sci-
entific models. They entail reduced information and graphical elements, like
vectors for representing technical connections.

Furthermore, moving pictures are common practice in media art discourse.
This is, of course, true for graphic animations, where videos are the main medi-
um, as well as for the portrayal purposes discussed above. The jury of the Prix
Ars Electronica even states in their submission requirements that their decision
primarily considers the video documentation.

The practices summarized above structure how the RBO Hand and Mirage
have to enter discourses to be recognized and valorized through them. Of course,
there are always different ways to do something, and I show that Deimel and
Baecker do some things differently. However, significant to the practices
sketched above are their roles as markers of a discourse. They have the power to
mark the RBO Hand as a scientific object and Mirage as an artwork. This is
because they reproduce the shared labels of science and art, respective communi-
cative means, and a shared iconography. Nevertheless, it takes effort and action
to meet these shared practices. As Latour stresses, the world and discourse have
to be bridged step by step (Latour 1999). In the following two sections, I de-
scribe how Deimel and Baecker build this bridge by paying special attention to
the translation of events and the kind of referencing through which the RBO
Hand and Mirage relate to particular discourses.

48  Website for the Prix Ars Electronica 2015 winners: http://www.aec.at/prix/en/gewinner/
#hybridart (last accessed May 27, 2015).
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4.2 Translating Events into Other Entities

Discursive practices structure what form an object has to enter to be recognized
and inscribed into the archive. Translations are activities that produce such
forms, as they reify and fix events triggered by an object’s efficacy. They capture
and transform things into other media and, hence, freeze temporally alternating
processes and states. In this sense, translations enable events as well as plans and
intentions to travel beyond the material and spatial contexts of their production.
They are able to bridge the material world of the laboratory and studio, including
the material and experimental practices that take place in them, with the dis-
courses of a field that attribute an object’s value.

4.2.1 The RBO Hand: Translating Events into Charts and Pictures

My account begins with the translation of events that take place in the laborato-
ry. The first of such translations is an experiment conducted by Deimel. I want to
stress at this point that I selected for this account empirical incidents that are
significant to the articulation of novelty. The actual beginning of the building of
a chain between an object and a certain discourse could hypothetically lie else-
where. In the case of the RBO Hand, the chain certainly precedes the setting up
of an experiment. Nevertheless, the experiment is a significant point of passage
for producing immutable and mobile entities that meet the discursive practices in
robotics. After delineating two kinds of failure within that experiment, I turn to
how pictures enact the RBO Hand. In focus is what is hidden and concealed
through the production of clusters, graphs, or pictures.

Graphs from an Experiment

“The grasping movement is simply performed in every position. Then we make a
cluster from them. Of course, such work is time consuming.” (Deimel, RBO Hand)

In Sections 3.2 and 3.3, I address the hybrid constellation in which the RBO
Hand’s form emerges, as well as the Hand’s distinctive kind of grasping enacted
within that constellation. The constellation described there is similar to the ex-
perimental set-up addressed in the following, in terms of its composition of tech-
nical elements. Whereas I focus on the Hand’s technical functionality in Chapter
3, in the following, I want to analyze how the constellation becomes an experi-
mental setting that produces events that make the Hand’s grasping a recognizable
contribution to robotics.
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To describe the hybrid constellation in Section 3.2.1, I address the work
needed to align the Hand’s specificities with the Meka robotic arm and its steer-
ing program. There, I report on a scene wherein Deimel prepares an experiment
for which he programs arm movements that drive the mounted Hand into a suita-
ble position for grasping. The scene that I turn to now continues with the actual
experiment a few days later, for which I revisit Deimel in the laboratory (Figure
25). In front of the Meka arm and torso with the mounted RBO Hand stands a
table with a tube wrapped in plotting paper. Deimel explains that the experi-
ment’s aim is to test different degrees of air pressure and how these change the
Hand’s behavior according to different grasping angles. Hence, he has pre-
programmed test runs that automatically run several different arm movements in
order to vary the angle at which the Hand approaches the tube. These runs struc-
ture the experimental setting according to a sequential order of grasping events.
Every grasping movement is documented according to its success. The collected
data is then clustered (cf. quote above) to visualize what air pressure and angle
constellation is most efficient. The transcribed scene shows Deimel sitting beside
the table in front of the Meka ensemble. A test run is currently running. The
scene (Figure 25) entails two kinds of failure that appear frequently during the
whole experiment.

The first kind of failure is legitimate failure and is shown in Frames I and II.
Legitimate failure requires an experiment setup that works reliably. When the
setup works as planned, the Meka arm approaches the bottle at an angle that
allows the Hand to potentially grasp the tube successfully. Deimel intends this
kind of movement for the test runs. During the whole sequence, Deimel focuses
his gaze on the arm movements. Although the arm works as planned, in Frames I
and II, its movement is not smooth but rather slightly stifled. The first frame
shows how Deimel positions his body in front of the bottle. From the beginning
of the sequence, he holds his own arm in a position that allows him to intervene.
The Meka arm moves toward the tube, and the Hand bends its fingers. As the
grasping is not strong enough, the tube slips out of the closing Hand. Deimel
intervenes and prevents the tube from falling off the table. Despite the Hand’s
failure to grasp the tube, the arm continues its movement: it lifts the Hand and
then drives back to its default position. Deimel briefly waits for the arm to fulfill
the programmed movement and then places the tube back onto its designated
spot. Significant to legitimate failure is that it is not a surprising event. Deimel
anticipates that some grasps will be unsuccessful and performs this through his
bodily attention to the sequential order of the experiment. He is ready to inter-
vene, which cause him to prevent the bottle from falling off the table and to re-
place it in time to continue the experiment without interruption. This shows how
Deimel is bodily involved in the working hybrid constellation. Legitimate failure
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Time  Still of the video

Transcript

L. 25:43

Deimel sits beside the ensemble of RBO
Hand, Meka arm, and torso. The robotic
arm drives the RBO Hand toward the
bottle, the Hand grasps, and the bottle
falls. To prevent the bottle from falling off
the table Deimel grabs it. The arm contin-
ues the programmed movement and lifts
the Hand without the bottle.

. 26:00

The arm drives back to its default posi-
tion. Deimel replaces the bottle onto its
designated spot on the table.

The arm continues with the subsequent
movement. It drives the Hand into the
table. Deimel immediately pushes the
emergency button. He lifts his arm and
sighs.

Iv.  26:20

Figure 25:
video).

Deimel grabs the wrist with his left hand
and pushes the emergency button again
with his right. Thereupon the arm contin-
ues the movement and lifts the Hand
without bottle; Deimel keeps holding the
wrist.

He pushes the red emergency button. The
arm stops its movement and Deimel
stands up and takes a seat in front of the
computer screen.

Two kinds of failure in an experiment with the RBO Hand (own
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maintains the working constellation and does not break the sequential order of
the experiment. Furthermore, the setting translates it into a graph so as to docu-
ment it as an unsuccessful grasping event. This failure is legitimate, because the
infrastructure works, and, hence, the varying alignment of air pressure and grasp-
ing angle are accountable for the failure of the grasp.

The second kind is illegitimate failure, which follows in the next sequence in
Frames III and IV. During illegitimate failure, the experimental setup does not
work as planned, due to incorrect alignment of the Hand, Meka arm, and steering
software. The sequence shows how the arm sinks unexpectedly and drives the
Hand into the table. From that position, there is no successful grasp possible, as the
movement’s angle is too steep and the arm collides with the disturbing environ-
ment. Deimel immediately pushes the emergency button to stop the run and pre-
vent the arm from incurring damage. Pushing the emergency button shows that
illegitimate failure might not be desired, but it is anticipated. Deimel is constantly
holding the button in his hand, ready to use. In contrast to legitimate failure, which
Deimel bodily anticipates, the constellation implies technical entities that allow the
interruption of running processes in anticipation of illegitimate failure. Deimel
indicates that he did not expect illegitimate failure, despite his precautions, and lifts
his arm and sighs. In Frame IV, he grabs the arm’s wrist with his left hand and
pushes the emergency button again. He keeps on holding the wrist as the arm con-
tinues its movement and lifts the Hand without a bottle. By holding the wrist,
Deimel feels the directions of the arm movement and the applied torque. After
guiding the arm back to its default position, he pushes the emergency button again,
which stops all processes. Deimel gets up from his position during the running
experiment and sits down in front of his computer, from where he can rework the
steering software. The illegitimate failure illustrates how connections of multiple
agents (software, the robotic arm, the Hand, the table, Deimel) enhance the contin-
gent behavior of the constellation. Hence, having installed a running experimental
setup does not necessarily mean that it works without technical interruptions
caused by components other than the object under investigation.

The whole sequence shows that the experiment is not an open exploration, but
a scripted procedure performed according to scientific standards. Its aim is not to
create behavior as such, but translating differential patterns that occur through the
controlled changes in the experimental system into a stable and immutable entity.
Controlling those patterns means enacting changes in a sequential order that can be
captured and fixed as data (cf. Rheinberger 1992). This does not mean the hand has
to grasp successfully in every setting. On the contrary, unsuccessful grasps are a
constitutive part of experiments, as they enact significant differences occurring
through controlled changes. The immediate succession of legitimate and illegiti-
mate failure shows how fragile experiments are and that control is more a matter of
creating documentable results than stabilizing installed relations.
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Comparing the observed experimental procedure with the published results
(or “clusters”) exemplifies how these mobilize the laboratory world as a highly
purified version in research papers. The results of the experiment are translated
into graphs that distinguish between different grasping allocations and the prob-
ability of their success (Deimel and Brock 2013, 2043). Success areas are
marked as light squares, which turn darker towards the unsuccessful grasping
allocations, which are black (Figure 26). Black squares are legitimate failures.
[llegitimate failures are not shown. The published charts are immutable mobiles
in Latour’s sense, which bring “celestial bodies billions of tons heavy and hun-
dreds of thousands of miles away to the size of a point on a piece of paper”
(Latour 1987, 227).

But what do they hide? It is not the experimental system as such that van-
ishes, as the graphs are accompanied by a text that describes the experimental
setting, including the Meka arm and torso. Rather, the enactment of the experi-
mental setup vanishes in publications. This is the trial-and-error work needed to
align the RBO Hand with the Meka ensemble and the steering software, as well
as Deimel’s bodily involvement during the whole experiment. His involvement,
like preventing the tube from falling off the table, maintains the sequential order
of the experiment, but vanishes through the translation of grasping events into
graphs. In contrast to the enactment of order in the laboratory, which is broken,
interrupted, and re-adjusted, the sequential order of test runs is re-enacted
through the charts as a continuous process that renders grasping as the purified
product of location and air pressure.

Grasping Pictures

I have already indicated that the RBO Hand’s functioning somewhat exceeds
modeling. Deimel describes this as “non-linearity” of the actuators’ movements
caused by the silicone’s material characteristics. The limited modeling of the
Hand’s functioning results in a large share of pictures in Deimel’s and Brock’s
research paper on the Hand. The paper, which also includes the graphs above,
includes several pictures that give an account of the Hand’s movements. These
pictures are taken in the same laboratory setting as the experiment. Some of
these pictures are rows of video stills that show the fingers’ bending under dif-
ferent air pressure settings (Deimel and Brock 2013, 2041, Fig. 3). Others are
shots from a fixed perspective, showing the Hand grasping different items
(Deimel and Brock 2013, 2044, Fig. 6). Furthermore, there is a row of video
stills that concludes the paper and shows in detail how the Hand proceeds for a
surface-constrained grasp, which is regarded as the kind of grasp the Hand is
particularly good at (cf. Figure 22) (Deimel and Brock 2013, 2045, Fig. 9).
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Figure 26: Graph translated from grasping experiment
(source, Deimel and Brock 2013, 2043, Figure 7: Sliding grasps
success probability under object placement variation).

These kinds of pictures enact the Hand’s distinct movement, as they translate
selected events of experimental conduct. They differ from the charts in so far as
they focus on the material characteristics that are explicitly not translatable into
graphical representations. Rather, the pictures are a way to enact the distinctive
working of the Hand as they dynamically portray what the Hand does. The read-
er does not need to understand a representation of the Hand, like deciphering a
technical model or graph, but sees the Hand’s way of grasping.

Nevertheless, these pictures are selective. Similarly to the charts, they hide
something in return. This is partly a logical consequence of zooming in. Howev-
er, more significant is the concealing of the experimental constellation, which
consists not only of the partly shown Meka arm, but also of the wires, the desk-
top computers, the steering software, the emergency button, and Deimel, who
conducts the ensemble. In this sense, the archival technology of pictures selects
what the archive can recognize as the RBO Hand’s distinctive grasping.

4.2.2 Mirage: Translating events into Drawings, Pictures, and Video

As mentioned in the beginning of this section, empirical differences in how
Deimel and Baecker channel the RBO Hand and Mirage into their discourses
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partly forms this section’s structure. A central difference is the scientific experi-
ment, which translates the RBO Hand’s grasping into graphs, and for which I
could not identify an analogous procedure in Mirage’s enactment. This is a sig-
nificant difference in terms of immutable mobiles produced. Nevertheless, my
account of translating Mirage into other entities that match the discursive prac-
tices of media art, also begins at the site of the object’s material assemblage, the
studio. The translation of events in the studio is not as directed towards translat-
ing results, but rather is a matter of bridging Mirage’s form with the media art
discourse. After describing how Baecker translated a not-yet-realized version of
Mirage to acquire funding, I continue with the documentation of Mirage’s final
form. Nevertheless, there are two very different reasons for documenting Mi-
rage’ s behavior: firstly, to align Mirage’s technical components, and then for a
submission to a call of the Prix Ars Electronica.

Drawings

I have already addressed that Baecker anticipated exhibiting Mirage from the
beginning of its design. In Section 3.2.2, for instance, I describe how future sce-
narios materialize in the studio as test structures or by imitating a dark exhibition
room. However, that concerns how Baecker brought the media art field into the
studio, whereas, in the following, I want to address how he brings Mirage into
the media art field.. The threshold to be crossed in the design of Mirage, which
caused Baecker to engage with the institution of the field, came after stabilizing
some technical features of Mirage. For instance, by that time, Baecker tested
ways how to enact a moving laser light image and how to create a skeleton of
acrylic glass that could hold muscle wires. After having tested these elements,
Baecker was somewhat sure how to realize his idea of a hallucinating machine.

One of the first engagements between Baecker and media art institutions re-
garding his new installation Mirage was an application for funding. The applica-
tion addressed LEAP Gallery, which acquires public funding to support the realiza-
tion of media artworks that they later exhibit in their space. Baecker and LEAP
Gallery had been engaged before, so both parties knew about the other’s work.
However, to apply for funding, knowing each other is not enough, as the ambition
of building an artwork requires a basic, fixed agreement about the funded piece.
LEAP Gallery’s means are partly the reason for this necessity, as they are not pri-
vate but public assets and require legitimization. Furthermore, the future artwork’s
form needs to be comprehensible, and something needs to indicate that its realiza-
tion is advancing and is not only an empty promise. Media artworks’ material
specifics are crucial information for galleries, as different media entail very differ-
ent exhibition requirements — and Mirage has large spatial requirements.
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Baecker’s application for LEAP Gallery’s funding is a pdf-file that consists of
photos, technical drawings, and a short text. Its first page is a photo of a curved red
laser projection in a darkened environment described as an image of the prototype.
Additional photos show the mirror foil and parts of the acrylic skeleton. The tech-
nical drawings are already close to Mirage’s final design (Figure 27). All such
drawings are computer drawn images with brief descriptions of the components.
They are three-dimensional so as to display Mirage’s spatial dimension and, hence,
spatial requirements for a future exhibition. Two drawings show the metal frame,
the laser diode, and the projection, all assembled according to their potential spatial
order from varying perspectives. The anticipated exhibition room is not arbitrary
here: Mirage’s spatial order in the drawing shows that it requires considerable
space between the empty wall, on which the image is projected, and the metal
frame, in order to display the image. Two other drawings are detailed images of the
frame’s multilevel architecture. The short text, which is included in the application,
is a brief description of Mirage as a projection apparatus and about how the tech-
nical components relate to the moving image.

Figure 27: Technical drawing of Mirage’s design approximately six months
prior to the exhibition (source, Ralf Baecker).

The overall application translates inquiries into an application for funding that
had taken place in the studio. At the time he was applying, photos illustrated the
progress of the project, and the technical drawings fixed Baecker’s reasonable
objectives. Nevertheless, the drawings are considerably different from the trans-
lated graphs of the RBO Hand. Instead of representing the efficacy of an object,
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the drawings point into the future. They anticipate the future exhibition context
and, as such, the discursive practices of media art. The technical drawings trans-
late Baecker’s explorative tinkering in the studio as well as his design concept
into a potential contribution to LEAP Gallery’s exhibition and to the media art
field. Eventually, the application was successful; LEAP Gallery supported Mi-
rage’s production and hosted its first exhibition in April 2014, approximately
half a year after application.

Pictures
“I have seen so many states; I can hardly tell which was best.” (Baecker, Mirage)

Baecker moved Mirage to its first exhibition space in LEAP Gallery almost one
week prior to the opening. He was aware that the spatial conditions would influ-
ence the image rather drastically and, hence, wanted to adjust Mirage early in the
exhibition mode. After he set up Mirage, he started fine-tuning the image. I have
already addressed the means of doing so: changing the height of the laser diode,
focusing the laser, skipping the inner frame, and re-positioning the double-sided
tape that connects muscle wire and foil of acrylic glass. One of Baecker’s major
concerns was to get rid of the dints caused by the connection between muscle
wire and acrylic glass. Doing so was a matter of calibrating the position of the
tape, the muscle wire’s tension, and the three-dimensionality of the image
changes by skipping the frame.

When I visited him during the setup, I noticed a camera in front of the im-
age. Baecker told me he had brought his camera to document how the image
appeared so far and how it changed based on his calibrations. He said that he
changed the setting so many times and had seen it in so many states that it was
hard for him to tell whether a new calibration was better or worse than a previous
one. In this regard, the camera was a means to monitor his own activities so as to
find an appropriate system mode for the exhibition.

However, on the day of the opening, Baecker also took pictures. By then,
the room was tidy, and no packaging materials or tools were lying around — the
calibrating was done. In addition, the darkening of the room was optimal: the
image projection was visible on a wall at the completely darkened end of the
room, and the installation frame was at the other end, where a little light was
shed on its structure. Baecker took pictures in this final setting from different
perspectives. He not only portrayed the image during calibration, but the whole
exhibition setup. He took pictures from a wide range of perspectives, showing
the complete frame and the image, as well as close-ups of the muscle wires, the
mirror of acrylic glass, and the Arduino boards. He told me that it would take a
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lot of effort to setup Mirage like this again. Thus, he wanted to exploit this opti-
mized situation and took pictures of Mirage for his own documentation. Later,
these pictures would appear on his website and, since he uses them for press
releases, published articles have reproduced them as well (cf. Figure 3).

Video

Before Baecker actually concretized Mirage’s form, he had already built the first
step to bridge his future installation and the media art world, by applying for
funding. However, the bridging continued after having finished the piece. To
answer the annual open call for submissions to the Prix Ars Electronica, Baecker
selected some of the pictures he had taken at LEAP Gallery and, additionally,
created a video that shows Mirage’s moving image and hardware elements. The
submission guidelines for the category Hybrid Art explicitly require a maximum
of one video for each installation.

Mirage’s video begins with the moving laser image.*’ The video is set to a
subtle feedback sound. For one and a half minutes, the video shows how the
laser projection appears as a three-dimensional moving image: it only shows the
red laser light on a black surface. In the next sequence, the video begins to show
Mirage’s hardware parts alongside an explanatory text. First, the fluxgate mag-
netometer is in focus, and the text explains that it is registering the Earth’s mag-
netic field. Then, the video shows the small display of the Raspberry Pi with
quickly changing numbers. The text goes on and states that, simultaneously, an
algorithm is generating versions of the previously perceived signal. This blends
into a video-screenshot of the converting algorithm, which was not actually part
of how Mirage was exhibited, but added to the video. After approximately two
minutes, the video takes a wider perspective and shows the complete metal frame
and the acrylic skeleton. Again, text accompanies the pictures, indicating that
“the hallucinated landscape data” actuates 48 muscle wires that deform the shape
of a mirror foil. The video and text continue with the laser diode. The text ex-
plains that a diode sends a laser beam onto the mirror’s surface so as to throw “a
landscape-like projection on the wall.” After these explanations, the video con-
tinues with approximately 45 seconds of the slowly changing hardware parts of
Mirage. This is followed by one minute of the moving laser image, like at the
beginning of the video. At 4:30 minutes, the video ends with a reference to
LEAP Gallery as supporters of Mirage’s production.

49  The pictures and videos of all the winners and honorary mentions are publicly accessible.
Mirage’s entry can be found at: http://prix2015.aec.at/prixwinner/15446/ (last accessed June
23,2017).
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The video, including visuals and text, is selective. In focus are Mirage’s
several hardware connections and the conversion of signals. This selection is
particularly significant, because the video adds screenshots of the converting
signals, which is usually not part of the exhibited installation. What is hidden
from the video is the alignment of the installation according to the exhibition
surroundings and, simply, the alignment to what Baecker regards as the best
state. In this sense, the video enacts the technicity of Mirage and selectively
translates its contingent and complex movements into an entity to be potentially
appropriated by the media art discourse.

4.2.3 Stabilizing, Concealing, and Travelling of Relations

The preceding empirical descriptions entail very different translations of the
RBO Hand and Mirage, but they share distinct similarities, too. The translations
are different regarding the range of forms they bring up, which spans graphs and
videos, as well as in terms of their situated production. For instance, the experi-
ment with the RBO Hand requires a standardized scripting of sequences, which
enactments of Mirage do not show. Despite these empirical differences, transla-
tions share certain features that are the first bricks in building a bridge between
the laboratory and studio world and the robotics and media art discourse.

All translations stabilize temporally dissolving events or object states. This
is most evident in the experiment sequence that illustrates how fragile hybrid
constellations are and that controlling the production of differential patterns is
rather a matter of producing results than stabilizing a technical order. Deimel
maintains the sequential order of the experiment bodily so as to fix legitimate
grasping events into data clusters and graphs. These stabilize the messy enact-
ment of the RBO Hand as a purified product of position and air pressure. In a
very different setting, pictures of Mirage stabilize the frequently changing states
at the exhibition site. Baecker begins fixing states of the moving image when he
realizes the sensitive reaction of the system state to changing environmental
conditions. The tidy and optimized setting of LEAP Gallery is a temporally dis-
solving event that he wants to exploit for producing pictures as public represen-
tations of Mirage. In this regard, translations produce entities that are stable
representatives of otherwise dissolving events.

Furthermore, translations select and conceal relations. The graphs that result
from the experiments conceal Deimel’s bodily involvement in conducting the
experiment and select those events that research papers can reproduce as scientific
results. It is not the constellation as such that papers conceal, but especially the
profanity of producing results that includes Deimel’s body as well as software,
wires, emergency button, etc. — things that are taken for granted but still constitute
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the experimental order. The selectiveness of translated events is most evident in
comparing the video sequence of the experiment and the published representation
of its results, which translates robotic grasping into a two-dimensional product.
The selective concealing of situated enactments is not limited to graphs but contin-
ues in the translation of objects into pictures. The documentation of Mirage con-
ceals its messy environment and reproduces the laser image in its temporally opti-
mized aesthetics. This selects temporal states as representations of Mirage’s tech-
nical workings. In this sense, translations select and conceal the material relations
of an object’s enactment so as to produce a tidied representation of their technical
efficacy constituted by several other profane entities.

Finally, translations make events travel beyond the contexts of their produc-
tion. This is what Latour has understood as the folding of events into a new form,
which allows displacement through transformation (Latour 1987). The graphs
published in Deimel’s first paper illustrate this. The graph is an entity that allows
the representation of events in the laboratory as research results reproduced in a
paper-format publication. Other researchers can access the resulting pdf-file or
printout through their pdf-readers or libraries no matter where they are located.
Baecker’s documentation at the exhibition site included this aspect, too, as the
pictures appeared on his website and, from there, have been accessible as mobile
representations of Mirage. However, Baecker’s translations bring up an aspect not
explicitly addressed by Latour: mobile entities may also include anticipations and,
hence, point to future enactments. The technical drawing of Mirage translates the
tinkering practices in his studio into an entity that already represents its future
exhibition context before Baecker actually realizes the installation. The technical
drawing is a mobile representation of a future enactment and, in this regard, pro-
duces an anticipatory entity that bridges the studio world and the discursive prac-
tices of media art.

4.3 Referencing by the Authors

In contrast to the concealing of relations through translations, the following sec-
tion deals with adding relations and the enactment of references. Like transla-
tions, references are activities to signify an object. In contrast to translations,
they create meaning by alluding to similarities and differences between the ob-
ject and other objects, concepts, imaginaries, or figures. Nevertheless, they do so
in varying ways and through different substrates: through writings, images, vide-
os, as well as through material entities such as technical components (Stubbe
2015, 121ff). In the following, I concentrate on Deimel’s and Baecker’s refer-
encing practices and how both allude to the similarities and differences of other
objects, concepts, figures, and imaginaries. I begin with Deimel’s referencing
practices, followed by associative references that relate Mirage to diverse realms.



4.3 Referencing by the Authors 185

4.3.1 Referencing the RBO Hand

Referencing practices concerning the RBO Hand entail portraits, written publica-
tions, and talks, as well as a video tutorial in which Deimel explains the easy
manufacturing of the PneuFlex Actuators.

Portraits of the RBO Hand

Besides the grasping pictures, there are plenty of other public pictures of the
RBO Hand. In contrast to the dynamic rows of video stills, several pictures are
portraits that show the Hand in a fixed position. The paper mentioned above
have published some of these, while others have been published on the institute’s
website and advertising posters. As mentioned, a high share of visualization is
typical for robotics, in particular if research implies engineering hardware. There
are roughly three kinds of portraits of the RBO Hand.

The first kind is made up of still lives.™ I have already made use of one still
life for Figure 1. That picture shows the fully assembled RBO Hand in front of a
clean background. The Hand is mounted on the Meka arm, whose wrist is visible
in the picture. The picture is published on the RBO laboratory’s website as well
as in the research paper that I have already cited (Deimel and Brock 2013, 2039,
Fig. 1). It is the first figure in this paper. Besides the portrait that I have used, the
figure includes a second picture of the RBO Hand with spread fingers, showing
its inner surface. The still life does not entail the typical anthropomorphic visual
codes of robotics portraits. However, like in other common portraits of robots,
the picture shows those technical parts considered positive trademarks. This is
the RBO Hand’s inner technical structure, which is open and visible, and its
connection to a larger robotic system as indicated by the wrist of the Meka arm.

The second kind of picture is also made up of still lives, but ones that show
only single parts of the Hand. In the paper, these show, in particular, the
PneuFlex Actuators and their exact composition. They are shown so as to illus-
trate the finger’s manufacturing process and lay open how the passive and active
layers are glued together, as well as how the air tube is channeled into the pas-
sive layer and the helix twining wound around it.

All of these pictures highlight the Hand’s assembled form, its detailed fin-
ger composition, and that the Hand fits into a robotics infrastructure. In so doing,
they reiterate visual codes that are common in robotics. One code is the display-
ing of technical elements, which selectively opens technical designs. Portraits of

50  Astill life is a work of art portraying mostly inanimate subject matter.
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the RBO Hand are zoomed in when it comes to the inner composition of the
PneuFlex Actuators.

Writing about the Hand'’s “Novelty”

“A Compliant Hand Based on a Novel Pneumatic Actuator.” (Title of Deimel and
Brock 2013)

I have already cited the first of Deimel’s and Brock’s papers on the RBO Hand
several times (Deimel and Brock 2013). I use it as a source to give detailed ac-
counts of the Hand’s technical features as well as to account for what the authors
regard as its novel output. The paper is part of the conference proceedings of the
ICRA 2013. Generally, it follows the standard structure of scientific articles:
introduction, method, results, and discussion. However, the paper includes some
sections that do not quite fit that structure. Its first level headings are Introduc-
tion, Related Work, Actuator Design, Manufacturing Process, The RBO Hand,
Experimental Results, and Conclusions. The structure describes the actuators and
the RBO Hand separately. It gives a lot of space to the Hand’s fingers, the
PneuFlex Actuators, as the paper goes into a description of their design as well
as manufacturing process. The section headlined “The RBO Hand” is an account
of the actuator’s implementation so as to assemble them into a functioning form.
Furthermore, the paper entails semantics of novelty. Considering the pa-
per’s structure and title, it is obvious that the authors consider the PneuFlex Ac-
tuators as the focal point of the approach’s novelty. Their novelty is distinctively
described in contrast to an already established actuator, the PneuNet Actuator
(Ilievski et al. 2011). Deimel and Brock have written that the PneuNet approach
is easy to manufacture, but is limited by the small ratios in achieved elasticity. In
order to overcome this limitation, their “novel PneuFlex Actuator embeds poly-
mer fibers to reinforce the rubber substrate” (Deimel and Brock 2013, 2040). It
does so for two reasons: firstly, in the passive layer fibers enable bending with-
out significant elongation. Secondly, the reinforcement helix along the entire
actuator creates anisotropic elasticity in the active layer (cf. Section 3.3.2). The
section enacts the PneuFlex Actuators’ novelty as an improvement through a
new manufacturing method and design. The approach builds upon existing at-
tempts to use soft materials for grasping, but creates a distinctively different
efficacy through its improved material characteristics. Through experiments that
are described in the remainder of this paper, this improvement is signified as a
contribution to robotic grasping, because the PneuFlex Actuators can be imple-
mented as a robotic hand, whereas the PneuNet Actuators were only manufac-
tured as experimental forms. Concluding the paper, Deimel and Brock explicated
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the claim that their novel actuators are a contribution to robotics research
(Deimel and Brock 2013, 2045):

“We believe that this novel way of constructing hands could lead to simple and
competent end-effectors for mobile manipulation.”

However, the paper enacts novelty not only as an undoubtedly good improve-
ment. Instead, novelty also refers to the preliminary and experimental state of
their research. Introducing the paper, Brock and Deimel wrote (Deimel and
Brock 2013, 2039):

“We emphasize that the RBO Hand described here is a first prototype based on a
new design objective, a novel actuator, and a novel manufacturing process.”

They continue and state that further research could extend the concept and use it
for other grasping techniques, but this has not been done yet. By emphasizing the
prototype state of the RBO Hand, Deimel and Brock encourage the reader to
assess the value of their contribution according to its potential and less regarding
grasping abilities already implemented. They use novelty as a term that puts their
work into perspective, so as to prevent assessments according to grasping stand-
ards alone. In a conversation, Deimel confirmed this and told me that, to some
extent, their approach’s novelty and originality makes up for a lack of grasping
versatility. In the paper as well as in the clarifying conversation, Deimel used
novelty as a semantic form that qualifies a relation. This relation is between a
materialized unit, its abilities, and its potentials on the one hand, and the field to
which it aims to make a contribution and that field’s established criteria on the
other hand. Novelty semantically qualifies this relation as valuable — not only
according to what is, but also according to what could be.

Referencing Kin Research

Of course, scientific articles need to stress the state-of-the-art of a research do-
main in order to relate their work to relevant literature. This is not only a matter
of validating an argument, but, furthermore, a way to address differences.

In their article, Deimel and Brock stated that the use of shape-matching and
compliance is not novel to robotic grasping as such. In a designated section, they
related their Hand to a number of compliant grippers (Deimel and Brock 2013,
2039-40). They began with the SDM Hand, which also implements an underac-
tuated design but, in contrast to the RBO Hand, is based on rigid fingers (cf.
Dollar and Howe 2010). Then they reported on a Pneumatic Anthropomorphic
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Hand, which uses compliant actuators, too, but, according to Deimel and Brock,
its “rigid finger links and hinge joints” reduce “its ability to match the shape of
an object during grasping.” The next reference is a gripper similar to the Starfish
Grabber. The authors mentioned its similar actuators, but stressed the 5-10 times
lower air pressure that results in weaker grasps than those of their RBO Hand.
The following reference is also a compliance-based gripper, but one that does not
allow the grasping of freestanding items. Deimel’s and Brock’s last reference is
the Awiwi Hand. They referred to the Awiwi Hand as “probably the most capa-
ble anthropomorphic robot hand built to this day.” It achieves compliance
through a tendon-driven, antagonistic actuation system. However, they stressed,
it is mechanically complex, expensive, and requires sophisticated control. In
contrast, they “pursue an opposing philosophy” (Deimel and Brock 2013, 2040).

Referencing kin research signifies compliance as a relevant characteristic of
robotic hands. In this sense, the approaches referenced show that compliance
leads to improved grasping performance. However, each reference also entails a
critique that enacts what the RBO Hand does differently and/or better. The first
two references stress the RBO Hand’s enhanced compliance, as its actuators do
not include any rigid elements. These actuators are, in contrast to both of the
following references, strong and allow robust grasping of not only lying but also
freestanding items. Through the RBO Hand’s distinctive and simple design, this
is possible by using cheap material that does not require sophisticated control
like the superior Awiwi Hand does. Hence, referencing kin research enacts the
RBO Hand as more compliant, robust, versatile, and simple in opposition to its
kin robotic hands.

Human and Silicone Fingers at the ICRA
“This is what we want to mimic.” (Deimel, RBO Hand)

In the following, I want to report on a presentation of the RBO Hand at the ICRA
2013 in Karlsruhe. The presentation was part of session entitled “Hand Design.”
All contributions were paper presentations and followed a standard mode of 15-
minute PowerPoint-supported talks, of which approximately three to five
minutes addressed questions from the audience. Whereas the conference hosted
an exhibition that demonstrated several different robots, the single sessions did
not usually entail hardware demonstrations. Nobody brought a robot along to a
talk in order to demonstrate a research approach. I want to highlight two signifi-
cant aspects of Deimel’s talk:

First, Deimel started his talk with a video of a human hand grasping a
sponge from a table (Figure 28). He referred to this as the role model of their
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approach. The hand in the video grasped the sponge by spreading the fingers and
capturing the sponge between the tip of the thumb and the middle finger. The
hand repeated this grasping action several times, while Deimel commented that,
at first glance, this is a very ordinary thing for humans to do. However, he went
on, when looking at the video in slow motion, details become visible that are
crucial to human grasping. The video switched to slow motion, then paused, and
two circles popped up highlighting the fingertips. By visually focusing on the
fingertips, one could see that these not only were capturing the sponge, but were
also touching the surface of the table and, hence, were slightly bent backwards as
they slid over it. Deimel explained that human grasping exploited the finger’s
compliance and used the table as resistance to pick up the sponge, which was the
reason for success. Before continuing with the technical part of the talk, he said,
“This is what we want to mimic.”

Figure 28: Video-screening of human hand grasping a sponge at the ICRA
(own picture).

In this sequence, Deimel gives a similar figurative account of human grasping as
the text on the institutes website does, which I report on in Section 2.2.1. That
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text gives an account of the human capacity to grasp a cup without consciously
activating all senses. The text figures specific capacities of human grasping as
relevant criteria for robotic grasping. The video sequence above renders the same
capacity; this time, not as a tropic story, but by enacting a videotaped human
hand. The video is very selective: it does not show the arm that moves the hand
into position, nor the human eyes that are probably looking at the sponge. In this
sense, the video materializes a selected event of human grasping and enacts this
as a general criterion for robotic grasping. By stating that this capacity is to be
“mimicked” in the RBO Hand, Deimel reiterates the human figure as an ideal.
Reiterating the anthropomorphic ideal connects the RBO Hand’s approach to
other papers presented in the session and, furthermore, to the general humanoid
imaginary.

The second aspect of Deimel’s talk that I want to highlight occurred after he
started reporting on the state of the art of compliant grasping and explained that
their approach attempts to use silicone as a new material for grasping. Unlike
other presentations that went on without hardware presentations, Deimel brought
along single fingers from the RBO Hand to demonstrate their material capaci-
ties. The silicone of the RBO Hand is clearly a distinct feature of its design. I
have already mentioned that the Hand’s fingers have their own label as PneuFlex
Actuators, which indicates that, according to the actors involved, the fingers
significantly embody the RBO Hand’s concept — they are somewhat if a figure-
head for the whole project. During his talk, Deimel picked up one PneuFlex
Actuator, including a designated air pump, and inflated the silicone finger with
air, whereupon the actuator bent. He held the actuator and pump in one hand and
pointed upwards to his slides with his other hand, while looking at the audience.
Then he moved from his position behind the speaker’s podium and passed
around three PneuFlex Actuators with hand pumps. The attendees were able to
touch and inflate the single fingers and try out the ways in which they bent. Dur-
ing the presentation, I was also sitting in the audience. When the actuators and
the air pump were passed along to me, I realized that their basic functioning
could be demonstrated rather easily. Everybody was able to make the finger
deform and simulate grasping.

This interactive presentation materially referenced the concepts mentioned
in his talk. In this sense, Deimel enacted the material explorations in the labora-
tory that make up an integral part of their scientific work but that are usually
absent at a conference talk. However, Deimel also created a new event. He not
only talked about concepts and visually coded criteria, but also created a haptic
experience of the silicone’s characteristics. Its compliance and deformability
provided an evocative experience, as the fingers did not embody the pragmatics
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of a complete grasp, but the silicone’s potential.”’ Attendees could feel the actua-
tor’s distinct behavior without necessarily understanding it in the sense of a sci-
entific model. The actuators are bendable and compliant, and they interactively
respond to their environment by deformation, as opposed to robotic hands made
out of solid material, which need to be precisely programmed in order to grasp —
many of the latter were presented in other papers of the session. The silicone’s
specific agency signifies the hand as distinctively different from the established
categories in its field. Like what writing “novelty” does semantically, the single
fingers not only materialize the present state of what is, but become agents with-
in the RBO Hand’s construction as novelty, as their material evokes thoughts of
what could be.

Video Tutorial about how to Build PneuFlex Actuators

“We will teach you a technique to easily create highly compliant actuators and liter-
ally soft robotics.” (Deimel, introduction of video tutorial)

The selective focusing on the RBO Hand’s actuators as novelty continues on the
institute’s website and YouTube channel. Deimel created a video tutorial on how
to produce a PneuFlex Actuator. The video begins with the quote above, followed
by: “they are cheap, customizable, and robust.” Deimel starts by physically enact-
ing the actuators’ characteristics by bending, twisting, squeezing, and inflating a
single finger. Then, he goes through the manufacturing process step by step. He
introduces the necessary components and tools, then shows how to produce the
casts, mix the ingredients for the different layers, cast and glue them together, and
twist the helix twining around them so as to make the actuators bend in a directed
manner. Deimel’s explanations are easy to understand and include only a few sci-
entific remarks. In total, the video takes approximately 13 minutes.

I mention above that Deimel and Brock wrote in their paper that they “pur-
sue an opposing philosophy” to the technically complex Awiwi Hand (Deimel
and Brock 2013, 2040). In the video tutorial, Deimel performs this philosophy by
physically going through the manufacturing process. He reveals the actuator’s
simple but effective design and encourages the audience to build their own ex-
emplar. In so doing, he not only speaks and writes about the Hand’s compliant
concept but also performs the concept.

51  For the evocative potential of material objects, see Sherry Turkle’s Things We Think With
(Turkle 2007).
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4.3.2 Referencing Mirage

Similarly to Deimel, Baecker’s practices also entail textual, visual, and material
references. The writings, talks, and pictures surrounding Mirage draw connec-
tions to diverse realms and not to media art alone. Thereby, references draw on
shared imaginaries that allude to peculiar connections and similarities.

Materialities

During a conversation in his studio, Baecker told me about his choice of materials.
I have already used part of that conversation to explain the pragmatic effects of
choosing a laser, acrylic glass, and digital components as materials to work with.
Baecker told me that his usual choice of materials starts with such pragmatic con-
siderations as having the means to work with it. However, there is something more
to it. Baecker recounts how he began working on his previous installation, Rech-
nender Raum. For that particular piece, he worked with wooden staffs, strings,
plumb weights, and small digitally programmed electric motors. The installation
forms a large structure, approximately two meters in both height and diameter. The
wooden staffs serve as a frame that holds together a complex, three-dimensional
mesh of strings. Through the plumb weights and pre-programmed motors, the
mesh moves in such a way that the spectator cannot exactly tell what is causing the
deformation or where the strings are going to move next. Baecker explained that
his intent to use wood as the main material was purely pragmatic in the beginning.
It was cheap and easy to work with. Later on, he explained, he became aware of
the fact that the assemblage of wooden parts, strings, and plumb weights is a refer-
ence to mechanical technologies of the 17th and 18th centuries. This reference,
which was not intended by him during the initial conceptualization of the work,
was re-produced through an invitation to install the piece in another exhibition that
was celebrating the foundations of modern science.

Baecker is aware that the materials he uses for his installations carry such
semiotics. This is also the case for Mirage. Similarly to the wood used for Rech-
nender Raum, the combination of acrylic glass, metal, and visible electronics
evoke references. Baecker has said that, for him, acrylic glass brings along the
aesthetics of a scientific experiment. This is an important analogy for his art.
Such material references indicate the figures of his artworks that draw on forgot-
ten scientific technologies.
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Writings

Writing is an activity that accompanies Baecker throughout his artistic work.
Through texts, he communicates the specificities of his installations and the
ideas behind them. In his published texts, he has used references to other tech-
nologies in an associative way — linking imaginaries. This is, for example, how
he has referred to the Helmholtz machine, which introduces a sleep-wake meta-
phor to artificial neural networks (Hinton et al. 1995). Baecker does not refer to
it as a concept that he aimed to embody through Mirage’s aesthetics, but as a
figure that can be used and re-arranged. This figure, not the concept, is a signifier
of his dreaming and hallucinating machine.

Baecker told me that he comes across those stories through his research. Of-
ten, the technology fascinates him, and then he starts to dig into a particular di-
rection. Sometimes he tries to rebuild mechanics or basic technologies with the
materials he has at hand in his studio. Other times, he writes things down. These
are often only fragments that he has in mind, but he knows that, at some point, he
will need a storyline to signify his objects. However, he told me, those stories
become coherent only retrospectively. He collects stories and materialities in
parallel over the course of his creative process and, by advancing a technical
piece, he sees how story and materiality fit together.

Although there is not strategic foresight involved, Baecker’s own writings
become closely related to his artworks. The text that he wrote for Mirage is pub-
lished on his own website and in the first exhibition flyer and was circulated as a
press text that became the basis for discussing the piece in media art/technology
blogs and journals.

Talks

“When one understands the causes, all vanished images can easily be found again in
the brain through the impression of the cause. This is the true art of memory...”
(Rene Descartes)

In May 2015, approximately one year after the first exhibition of Mirage, Baeck-
er gave a lecture at the Fiber Festival in Amsterdam. The festival announced the
lecture as an artist talk about Baecker’s general artistic approach and about his
recent work Mirage. According to the announcement on the festival’s website,
the first part of the talk was entitled “Lines, Ropes and Computational Spaces,”
in which Baecker took the audience on a “walk-through of his previous works
that show the paradoxical relation between algorithmic thinking and physical
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matter.”> The second part of his talk was more specific and presented Baecker’s
research behind Mirage. The website indicated that Baecker would “explain his
interest in geological data and landscape, and machine learning and dreaming.”

Baecker’s slides of the second part of the talk begin by citing Descartes. It
is a quote from Descartes’ Cogitationes Privatae (see above). Although this
quote does not entail the word “dreaming,” it still continues the trope of a hallu-
cinating machine, as it is concerned with images and the virtuality of the brain.
In his notes for the talk, Baecker commented:

“For me a Computer is not just a calculating machine, but a tool for amplifying im-
agination, making it possible to weave structures of pure abstract symbols and see
them rendered as concrete things.”

This comment is programmatic for Baecker’s work, as it addresses his pivotal
interest in the entanglement of virtual and physical realms and, furthermore, the
rendering of abstract or algorithmic processes through physical things. He con-
tinues in the presentation by referring to the Helmholtz Machine by Hinton and
explains its functioning as a kind of dreaming algorithm. After these introductory
references, Baecker gets into more detail concerning Mirage’s technical compo-
nents. He begins with the Earth’s magnetic field, which the fluxgate magnetome-
ter captures and transmits as data. He clarifies that he tried various implementa-
tions before working with this data source. After several slides of how scientific
technologies render magnetic fields in general, as, for instance, through mapping
solar winds or in geophysical surveys, Baecker moves on to the physicality of
Fata Morganas. One of the slides included a historical picture of an apparatus
that aimed at imitating Fata Morganas. He showed that they are caused by dif-
fracting light reflections. This notion of reflections took Baecker’s slides to the
use of deformable mirrors in astronomy, where technologies use adaptive optics
to reduce optical aberrations caused by atmospheric turbulence. After these sci-
entific references, Baecker continued with the technical setup of Mirage, indicat-
ing that he had built his own deformable mirror system to modulate beams of
light to generate an image.

This talk is significant for Baecker’s way of presenting his work. For previ-
ous talks, which addressed different installations of his, he used such multiple
scientific references as well. In this talk, he began with a philosophical quote and
a similar reference to artificial neural networks. Both references continued the
tropes whose enactment I delineate in Section 2.2.1. Still, they were more con-
crete in this talk, as Baecker combined philosophy and Al and, hence, illustrated

52 Website for the Fiber Festival’s announcement: http://2015.fiberfestival.nl/festival/pro
gramme/ralf-baecker/ (last accessed June 24, 2015).
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the peculiar relation of physicality and images by connecting quotes from two
different realms. In the following slides, his references turn from Al to physics,
geology, and historical optical science and toward astronomy. He draws connec-
tions between these according to their similar concerns for rendering virtual
processes — that is, the similarity that connects the references to his artwork Mi-
rage. Nevertheless, he does not claim to adapt all these concepts for his art, but
states that these are references that evoke one to think about how technologies
render hidden processes. This is not a conceptual transfer from science to art, but
the drawing of connections between imaginaries of science in order to evoke
similarities and deviation in contrast to the common understanding of appropriat-
ing scientific concepts. In this regard, Baecker’s references do not signify the
validity of an argument as in science, but articulate Mirage’s difference through
associative similarities.

Website, Twitter, and Tumblr

The associative referencing of Baecker’s talks and writings continues in his
online activities. Baecker runs his own website™, which he mainly uses for pub-
lic representation of his work. The first screen of the website juxtaposes all of his
publicly exhibited artworks. There are no nametags on this first page, only pho-
tos of the installations. Clicking on each photo links to a page designated for
each installation with explanatory texts and additional pictures. Mirage’s
homepage displays the pictures from LEAP Gallery as well as a text, which is a
refined and edited version of the text about the hallucinating machine discussed
in Section 2.2.1. The text ends with an external link to an online article about
Mirage, which I address below, and a credit to LEAP Gallery for their support.
The website also contains selected references to Baecker’s public recognition.
There are pages designated for his current activities, biography, exhibitions, and
entries in catalogues and books, as well as recognition by relevant online press.
Furthermore, the website contains a link to Baecker’s Twitter account™.
Whereas the website is concerned with Baecker’s own work and designed simi-
larly to a CV, Baecker’s Twitter account contains more pictures of different
scientific technologies other than his own. Certainly, Baecker retweets when
other online authors mention his work, and there are also pictures of the exhibi-
tion of Mirage on his profile, but his own tweets mainly include references to his
research process and less to his finished work. Some of these pictures show
technical tinkering sessions between him and his befriended colleagues or stu-

53 Baecker’s website: http://www.rlfbckr.org/ (last accessesed June 25, 2015).
54  Baecker’s Twitter account: https://twitter.com/rlfbckr (last accessed June 25, 2015).
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dents. More frequently, Baecker tweets pictures similar to those in his talk. His
account is full of technical diagrams, portrayals of ancient scientific apparatuses,
computer diagrams, historical models from biology, and even a geological pro-
file of the Alps, which renders sediment layers as a folded and deformed hori-
zontal line (Figure 29). This profile is exemplary for the associative referencing
that continues on Twitter. Conceptually, Mirage has nothing to do with the Alps,
and Mirage is not mentioned in the tweet. However, by juxtaposing pictures of
Mirage and the profile in the sequential order of his Twitter profile both are
connected by the similarity of their shapes. The similar image of folded lines
appears in peculiar kinship to distant forms whose only connection is the refer-
encing of Baecker’s Twitter account.

ralf baecker 6. Mar:
@ profile through the Helvetic nappes A. Heim

Figure 29: Profile of the Alps from Baecker’s Twitter account (tweeted on
March 16, 2015).

Such pictorial associative referencing continues on Baecker’s Tumblr.”> His
Tumblr’s appearance focuses even more on historic scientific images than the
Twitter account. That is, whereas the Twitter account also includes retweets and
links to current events, Baecker’s Tumblr has no cross-links and, hence, only
displays his picture collection. Still, the pictorial references share the visual
codes of his presentations and tweets, such as ancient laboratory settings, tech-
nical drawings, or primitive renderings of computational processes. Like on
Twitter, pictures of Mirage appear in the row of such images, juxtaposing his
own work and peculiar forgotten technologies. This juxtaposition signifies
Baecker’s work as concerned with the aesthetics of technologies. It does so
without addressing this concern as a textual explanation, but by associative simi-
larities evoked through the juxtaposition of pictures.

55  Baecker’s Tumblr: http://rlfbckr.tumblr.com/ (last accessed June 25, 2015).
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4.3.3 Conceptual, Figurative, and Associative References

References add relations between an object and discourses. In this sense, they
create meaning by alluding to similarities and differences between the object and
other objects, concepts, imaginaries, or figures. They do so through varying
practices, substrates, and media. Concerning the RBO Hand and Mirage, these
range from pictures, writings, talks, and demonstrations to the semiotics of cer-
tain materialities. Despite the variety of media, three kinds of referencing prac-
tices dominate the discursive enactment of the RBO Hand and Mirage: concep-
tual, figurative, and associative referencing.

Conceptual referencing dominates Deimel’s writings on the RBO Hand’s
distinct style of robotic grasping. Writing “novelty” signifies the RBO Hand, and
in particular, its PneuFlex Actuators, based on their potential to contribute to
shared problems of robotic grasping. Deimel’s and Brock’s paper entails concep-
tual references to existing robotic hands, which highlight similarities to and dif-
ferences from archived robotic technologies regarding their technical features
and implementations. “Compliance” is the focal point of those references, which
signify the term as a concept that has a history within robotics research as well as
potentials that have not yet been realized by other robotic hands. At the ICRA
conference, compliance was additionally enacted through the sample fingers that
made the silicone’s different grasping style possible to experience (Stubbe 2015,
121ff)). In this regard, conceptual referencing alludes to similarities and differ-
ences between two entities’ essential features, which determine their application
or technical implementation.

Figurative referencing accompanies the RBO Hand as well. The video-
taped human hand rendered a version of human grasping that reiterated the hu-
man figure as an ideal for robotics and, simultaneously contested previous fig-
urations, as it focused on a presumably neglected aspect of human grasping, that
is, the fingertip’s sliding over the table’s surface. In this regard, figurative refer-
encing builds upon shared figures of a discourse, while simultaneously reiterat-
ing the figure, creating stability and contending with previous figurations. In this
sense, figurative referencing is normative, as it alludes to specific characteristics
of a shared figure and enacts these as more appropriate, neglected, and better
than previous enactments of the figure.

Associative referencing dominates Baecker’s writings, talks, and online ac-
tivities while also accompanying his choice of materials. He implements certain
materialities that evoke similarities between his artworks and ancient scientific
technologies. These associations do not necessarily advance a new project, but
come together bit by bit through the assembling of technical forms and his re-
search about scientific apparatuses. His talks and writings connect these loose
narratives and tell a coherent storyline that refers to the philosophical, scientific,
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esoteric, and aesthetic concepts that signify Mirage. Nevertheless, Baecker does
not refer to concepts in the sense of essential features that determine applications
or technical implementations; rather, he indicates similarities of diverse scientific
realms that build upon shared imaginaries of science and the aesthetic similari-
ties between technologies. In contrast to the figurative referencing in Deimel’s
practice, associative referencing does not reiterate the given figures of the dis-
course it contributes to and, furthermore, does not render a presumably more
appropriate or better version of an imaginary or figure. Rather, associative refer-
encing draws connections between different realms and discourses and alludes to
their similarities. In this sense, associative referencing draws connections be-
tween distant imaginaries in order evoke their similarities, and, in this regard, it
signifies how an object builds upon and simultaneously deviates from the com-
mon understanding of these imaginaries.

Despite the difference of these referencing practices, they share a similarity:
they converge at a few focal points. These have already been articulated in other
sections of this study, but here they become meaningful as discursive statements
of both objects’ differences. In terms of the RBO Hand, this is compliance,
which is the key element that continues throughout all of the Hand’s references.
It is signified through conceptual and figurative references as a meaningful dif-
ference from other robotic hands. Furthermore, the PneuFlex Actuators embody
compliance as a concept, and Deimel and Brock enact them as the trademark
element of the Hand by describing them in detail in the paper and tutorial as well
as physically demonstrating their characteristics at the conference. In terms of
Mirage, the focal point is the hallucinating machine. Baecker’s associative refer-
ences signify the figure of the hallucinating machine across diverse realms that
share a concern with the visual rendering of hidden processes. This concern
holds together the otherwise loose references that he enacts in his writings, talks,
and online activities concerning Mirage. Both focal points, that of compliance
and the hallucinating machine, share that they embody both objects’ differences
in opposition to other objects, concepts, figures, or imaginaries.

4.4 Referencing by the Archive

In the following, I change perspective: the focus is on what I have so far called
the discourse. In this regard, the following account turns toward Groys’ archive
and the valorization of objects as novelty. I have already addressed that Groys’
archive-concept is limited so far as it remains abstract and does not entail ar-
chives, which are more specific for the contemporary science and art discourse.
To overcome this impediment, I have opened the empirical section of this chap-
ter by addressing specific discursive practices that are not the activities of single
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actors but are shared approaches to discourse production and materializing
statements. This focus on practices allows the alignment of Groys’ institutional
and Latour’s active perspective and, in so doing, regard archival valorization not
only as an institutional mark, but also as being produced through references by
multiple actors. From there, one might find practices that are specific for valoriz-
ing both objects as novel contributions to robotics and media art, without drop-
ping back to the archive alone as an institutionalized form of novelty.

This conceptual trick also takes the empirical problem that I mention earlier
into account. This is that both objects’ recognition is ongoing, and their valoriza-
tion is not yet exhausted. Addressing archival valorization as practice instead of
institutional mark alone allows one to regard this empirical problem not as a lack
of data, but as significant for both objects’ valorization. Valorization, from this
perspective, is not the ascribing of a fixed value to an object that is stable
throughout its existence in the archive, but is a matter of actively selecting what
is relevant about an object and re-enacting this within specific temporal discur-
sive practices and, furthermore, doing something with it. I begin this section by
sketching the recognition of the RBO Hand through the scientific robotics dis-
course as well through public media channels, followed by Mirage’s recognition
in media art discourse and other technology-related publications.

4.4.1 The RBO Hand in Citations, Awards, and Online Newspapers

Up to the time of this study, three discursive practices have recognized, dis-
cussed, and valuated the RBO Hand. These are citations, awards, and online
newspapers.

Citations

Deimel and Brock published the results of the RBO Hand for the first time in a
paper from 2013, as already mentioned several times. The following analysis is
based on a sample of publications citing that paper. It is not a comprehensive
citation analysis, as, presumably, there are additional citations to come. Hence, I
go through four exemplary papers from 2014-5, of which three are refereed con-
ference proceedings and one is a peer-reviewed journal article. All of them con-
tribute to robotic grasping research.

The authors of the first example aim at promoting their own robotic hand
through their conference paper. That hand is claimed to be open-source, affordable,
modular, light-weight, and underactuated (Zisimatos et al. 2014). Introducing the
paper, the authors stress that complex and anthropomorphic designs increase the
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cost of robotic hands, which leads to an unbalanced cost-efficiency ratio. Hence,
they pledge for a low-cost open source design. Designs with such premises have
lately been developed based on elastomer material; they report on and refer to the
RBO Hand as one example of such designs (Zisimatos et al. 2014, 1).

The second conference paper tackles an issue conceptually related to the de-
sign of the RBO Hand. The authors proposed an approach to planning for hands
that are simple, in the sense of a low number of actuated degrees of freedom, and
soft as being continuously deformable throughout their interaction with items.
Logically, in order to stress the importance of developing the planning for such
hands, the authors need to show that soft manipulation is a recent research con-
cern and has proven its potentials. Hence, they referred to the RBO Hand, which
is “designed to be much simpler, and much more robust with respect to the
whole interaction process” (Bonilla et al. 2014, 581).

The conceptual relation to the RBO Hand is similar in the third example.
The authors are concerned with exploiting environment constraints for grasping
(Salvietti et al. 2015). I show in Section 3.3.7 that surface-constraint grasps are
the RBO Hand’s specialty. Instead of creating behavior, which is the design
approach of the RBO Hand, the authors seek to model such grasping techniques.
Hence, they proposed “a mathematical representation of robotic grasping in
which a compliant hand exploits the environment surface to reach the object in a
reliable and robust way” (Salvietti et al. 2015, 8). Introducing their approach to
modeling they referred to the RBO Hand, which “uses a novel pneumatic actua-
tor design in its fingers” that makes the hand “inherently compliant” and “highly
adaptable.” They stressed that underactuated and passively compliant hands,
such as the RBO Hand, guarantee robust grasping performance under sensing
and actuation uncertainty. However, according to the authors, it remains unclear
how to design hand/wrist stiffness to enhance robotic grasping and manipulation
capabilities; this is why they want to model grasping (Salvietti et al. 2015, 1).

The fourth citation example is taken from a peer-reviewed article that was
published in a special issue of the journal Autonomous Robots on autonomous
grasping and manipulation (Ben Amor et al. 2014). In the article, the author’s
presented “a low-cost, soft cable-driven gripper, featuring no stiff sections,
which is able to adapt to a wide range of objects due to its entirely soft struc-
ture,” while equally ensuring a “stable and safe grasp” (Giannaccini et al. 2014,
93). Hence, their research objective is very close that of to the RBO Hand and
concerned with hardware development. As this example is a full journal article,
the authors had more space to discuss different approaches, like the RBO Hand,
from which they seek to differentiate their own gripper. Firstly, the authors re-
ferred to the RBO Hand and the concept of “shape match” (Deimel and Brock
2013, 2039) so as to emphasize the importance of compliance for robotic grasp-
ing, which permits grippers to conform its surfaces without explicit control and
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sensing. However, according to the authors, “Once the grasp is established, an
end-effector must be [...] stiffer than it is in its completely compliant initial
stage” (Giannaccini et al. 2014, 93). The RBO Hand, as in Deimel’s and Brock’s
2013 publication, lacks such a dynamic stiff mode. Secondly, the authors are not
convinced by the RBO Hand’s surface; while they positively acknowledge it as
ensuring a good shape match, they stress the difficulty of fitting sensors on it
(Giannaccini et al. 2014, 94).

All four articles address their own distinctive research objectives. In so do-
ing, they pick up different characteristics of the RBO Hand and its design ap-
proach: its low production costs (Zisimatos et al. 2014), its distinctive grasping
style (Salvietti et al. 2015), its sensor-free design (Bonilla et al. 2014;
Giannaccini et al. 2014), its general simplicity (Zisimatos et al. 2014; Bonilla et
al. 2014), and, most repetitively, its compliance, which allows shape matching
(Salvietti et al. 2015; Bonilla et al. 2014; Giannaccini et al. 2014). The authors
refer to these characteristics so as to signify their own work and relate it to recent
research concerns in robotic grasping. Commonly, references entail positive
acknowledgements, while subsequently stressing impediments. The research
presented in the journal article by Giannaccini et al. is closest to the RBO Hand
and, hence, most specific about its impediments. Similarly to how Deimel and
Brock referred to the limits of other robotic hands in their paper, Giannaccini et
al. have referred to the RBO Hand so as to enact the difference of their gripper
and its progress in combining softness and stiffness. Whereas Deimel and Brock
and Giannaccini share their concern with hardware development, Bonilla et al.
and Salvietti et al. have referred to the RBO Hand so as to signify their research
in a different realm: grasp planning and grasp modeling. Curiously, these are
exactly the two realms that the RBO Hand contradicts, as its design opposes
planned grasping and theoretical modeling. Nevertheless, the authors refer to the
Hand to signify their own research objectives. All these citations reference the
RBO Hand in terms of their own research concerns; they select relevant charac-
teristics of the RBO Hand and re-arrange them according to a new context.

Awards
“Originality.” (RSS evaluation criteria 2014 and Polanyi 1962)

Large-scale robotics conferences commonly include “best paper” awards in several
categories. These often correspond with research domains such as manipulation,
vision, and motion. Additionally, there are “best student paper” awards or “best
conference paper” awards. The ICRA 2013, where Deimel presented their paper,
also awarded papers. The natural category for their paper was the “manipulation”
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award, which aimed at highlighting “innovative efforts in the planning and execu-
tion of manipulation tasks, which take place in dynamic environments.”*® Howev-
er, Deimel’s and Brock’s paper did not win an award at that conference.

Nevertheless, a subsequent paper of theirs did win a “best student paper”
award at the 2014 “Robotics: Science and Systems Conference” (RSS) in Berke-
ley, CA, USA. In that paper, Deimel and Brock reported on an advanced version of
the RBO Hand, which they call RBO Hand 2. The advancements include a change
in morphology toward a more anthropomorphic five-finger design, as well as im-
proved capabilities in the Hand’s dexterity (Deimel and Brock 2014). Although the
Hand looks considerably different, the authors still place the PneuFlex Actuators in
focus, basic functionality of which is still close to the 2013 paper (cf. Deimel and
Brock 2014, 2-3). At the RSS in Berkeley, Deimel’s and Brock’s conference paper
received the award for best student paper. The general evaluation criteria for all
categories, evaluated in a blind review process, include:

1. Technical strength: Is the paper technically sound?

Evaluation of results: Are the claims well supported (by experimental evalua-
tion or proofs)?

Significance and relevance: Is the community likely to use the results?
References to prior work

Clarity: Is the paper well organized and clearly written?

Originality: Does this work contain new problems or approaches? Does it
combine existing methods in novel ways?

SNk W

One of the conference organizers explained to me in an e-mail that they had
asked reviewers to give scores according to these criteria, which were then sum-
marized and compared. She wrote that Deimel’s and Brock’s paper had the high-
est score in the student paper category and was additionally evaluated positively
in a discussion by five non-public senior researchers.

Although the previous paper by Deimel and Brock from 2013 did not win
an award, the list of evaluation criteria is significant, as it illustrates the valuation
structure in robotics. The listed criteria are more specific versions of Michael
Polanyi’s three general criteria for scientific contributions: plausibility, scientific
value, and originality (Polanyi 1962, 57-58). The RSS criteria are more specific
— firstly, as they explicitly address professional standards of robotics’ epistemol-
ogy, such as experimental methods and proof, and, secondly, as they stress clari-
ty in writing, which relates to discursive practices as short papers that require
clear-cut language.

56  Website for the ICRA 2013 describing the award categories: http://www.icra2013.org/?
page_id=153 (last accessed July 2, 2015).
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Furthermore, the criteria mirror Deimel’s translating and referencing practic-
es. The first two criteria are inscribed in the standardized experimental procedure,
which translates the RBO Hand’s grasping into a scientific representation. Criteri-
on 3 is met by citations that show how the robotics community refers to the pub-
lished results. Respectively, Criteria 4 and 5 structure Deimel’s referencing prac-
tices, which enact distinctions of the RBO Hand in opposition to other robotic
hands. Finally, Criterion 6, “originality,” mirrors the RBO Hand’s basic constitu-
tion as a research project, which started explicitly as a design approach to create
new behavior instead of theory and as combining soft robotics and grasping. Addi-
tionally, Criterion 6 mirrors “novelty” as a semantic category applied by Deimel
and Brock in their paper from 2013 to indicate the potentials of the RBO Hand.

In this respect, the RSS Award valorizes the combination of the silicone’s
compliance and robust grasping and its implementation in the RBO Hand
through originality as evaluation criteria. Polanyi explained in this regard that
originality might overlap with the systematic importance of a discovery, but the
surprise of an original discovery causes admiration for its daring and ingenuity.
“It pertains to the act of producing the discovery” (Polanyi 1962, 58). Whereas
plausibility and scientific value tend to enforce conformity, valorizing originality
encourages dissent and difference.

Online Newspaper Articles
“Deutsche Wissenschaftler entwickeln sanfte Roboterhand.” (DPA)

At the end of June 2013, the German Press Agency (DPA) released an article about
the RBO Hand entitled “German Scientists Develop Gentle Robotic Hand” (quoted
above). Several German online newspapers, such as Die Welt, Wirtschafiswoche,
Handelsblatt, and Berliner Morgenpost, published the article.”’ Spiegel Online
released a slightly modified version of the DPA release.™ Shortly prior to the arti-

57  Die Welt: http://www.welt.de/print/welt_kompakt/print wissen/article117526268/Deutsche-
entwickeln-sanfte-Roboterhand.html
Handelsblatt: http://www.handelsblatt.com/technik/forschung-innovation/mit-druckluft-deut
sche-wissenschaftler-entwickeln-sanfte-roboterhand/8420806.html
Wirtschafiswoche:  http://www.wiwo.de/technologie/forschung/innovation-deutsche-wissen-
schaftler-entwickeln-sanfte-roboterhand/8425906.html
Berliner Morgenpost:  http://www.morgenpost.de/newsticker/dpa_nt/regioline_nt/berlinbran
denburg_nt/article117509886/Berliner-Wissenschaftler-entwickeln-sanfte-Roboterhand.html
All articles were released between June 27 and 30, 2013 and last accessed on July 2, 2015. The
same press release can be found in several further online newspapers.

58  Spiegel Online: http://www.spiegel.de/wissenschaft/technik/weiche-roboterhand-luftdruck-
laesst-silikonfinger-greifen-a-908224.html (released June 27, 2013, last accessed July 2, 2015).



204 4 Difference: How Categories are Valorized

cles’ release was the 2013 RSS conference in Berlin, which was probably the occa-
sion for the press release, although this was only mentioned in the Spiegel Online
article. The articles were accompanied by a picture showing the RBO Hand
mounted on the Meka arm and holding a paper coffee cup.

The text highlights the RBO Hand as a recent and ongoing research activity
at TU Berlin. It explains that the actuators are made from silicone and actuated
by air pressure, which makes them soft and adaptable to the environment. The
Spiegel Online article’s headline describes the Hand as a “novel robotic hand,
which is more versatile, cheap, and simple to manufacture.” (Figure 30)” It
refers to the Hand’s “fingers, which are made from silicone, whereas the role of
the muscles is taken over by air chambers.” The main part of the text begins by
addressing the Hand’s simplicity, while allowing precise and complex grasping
movements. It stresses that the Hand is easy to manufacture and can be repro-
duced by others due to its low costs; this is encouraged by the TU-researchers,
who posted instructions for manufacturing the Hand online. The text quotes
Deimel, who stresses that the Hand does not need sensors, and, furthermore,
does not damage an item’s surface, because of its softness. Shortly after that
quote, the text is interrupted by a subheading in quotation marks: “’Helping
Humans in Everyday Life.”” The DPA article, published, for example, in
Wirtschaftswoche, includes the same quote and continues by addressing the “vi-
sion that one day robots might help humans in their mundane activities.” Again,
the article quotes Deimel, who explains that robots could, for instance, carry
things from A to B, search for lost keys, or tidy up rooms. However, the article
continues the quote by saying that robotic hands will not reach human dexterity
anytime soon.

59  An empirical side note on “novelty”: Below the Spiegel Online article is a section for user
comments. That section includes three comments that all express doubt in the Hand’s novelty.
The first comment stresses that such “rubber fingers” had already been introduced by a compa-
ny at an exhibition in Hannover 25 years ago; sadly, I cannot find that company. The second
comment stresses a product that I was able to find online. The comment refers to the company
Festo, which has a “pneumatic muscle” in their product range. That product is not a robotic
hand, but a machinery part for industrial manufacturing facilities. The third comment refers to
“Prof. Tanaka from Yokohama University,” who, apparently built similar grasping tools. I
could not find that professor’s work, maybe due to spelling mistakes or the like. What is inter-
esting about those comments is that they all criticize the label “novelty” and do so by stating
that all this has been done before. In so doing, they select specific elements of the online arti-
cle, whether the Hand’s rubber material, its pneumatic actuation, or simply the word “muscle,”
which is phrasing by the journalist. In these comments, novelty is a value-laden category that
entails a connotation of absolute novelty, in contrast to an understanding of novelty as re-
combination. However, a new combination does not seem to justify the label “novelty” accord-
ing to the commentators.
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Weiche Roboterhand: Luftdruck ldasst Silikonfinger greifen

Beweglicher, giinstiger und einfacher in der Herstellung soll eine neuartige Roboterhand sein. Entwickelt
wurde sie an der Technischen Universitdt Berlin. Thre Finger bestehen aus weichem Silikon, die Rolle der
Muskeln iibernehmen Luftkammern.

Berliner Forscher haben eine weiche Roboterhand entwickelt, die prazise

Donnerstag, 27.06.2013 - 17:20 Uhr nach Objekten greifen kann. Betrieben werden die Silikonfinger durch
3 Luftdruck: Mit Hilfe von Luftkammern krGmmen sich die Finger in die
Drucken | versenden |Merken|Merken gewunschte Richtung.

Nutzungsrechte | Feedback
s Nach Angaben der Wissenschaftler der TU Berlin ist die Hand relativ

Kommentieren | 3 Kommentare leicht nachzubauen und deutlich gunstiger als herkommliche
Roboterhande aus Metall. Sie wurde am Donnerstag auf der
internationalen Konferenz "Robotics - Science and Systems" in Berlin
vorgestellt.

Figure 30: Screenshot of the Spiegel Online article on the RBO Hand (taken
on July 2, 2015).
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The article selects specific elements of the RBO Hand. Again, the Hand’s mate-
rial design is the focus, which is simple but allows complex grasping move-
ments. Furthermore, the article addresses its easy manufacturing process as a
difference from common robotic hands, which are technically complex and cost-
ly. The article acknowledges the community efforts the researchers make by
putting a manufacturing manual online. All these elements narratively connect
specific characteristics of the Hand to larger narratives of creativity and design,
which are positively connoted in technological discourses (cf. Suchman 2011Db).
Furthermore, the articles reiterate the figures of humanoid robotics through
the visual codes entailed in the picture showing the RBO Hand holding a cup.
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The concurrence of the scientific robotic hand, robotics infrastructure, and a
mundane item, which is immediately identifiable as part of everyday human life,
is typical for robotics images and echoed in the picture here. It renders the RBO
Hand as an object of science, signified by its open technologies, and it equally
projects the Hand into a future everyday setting. The text continues about the
figure of the picture as it refers to scenarios of robots as “helpers,” especially in
tasks that do not require being totally human, as they are profane or unpleasant.
Nevertheless, the text does not construct scenarios so as to regard the Hand as
humanlike. On the contrary, in a quote, Deimel emphasizes that science is, by
far, not even close to engineering human capabilities. Hence, the concurrence of
science and the everyday-life scenario figures the robotic hand as “almost hu-
man” (cf. Castafieda and Suchman 2014). The visually and narratively enacted
figure conflates science and everyday life, and, through the jargon entailed, ad-
dresses the Hand as being in the making. The combination of the figurative sce-
nario and narratives of making characterizes the hand as belonging to the sphere
of technoscientific progress, while equally enacting its distinct difference from
typical robotic hands.

4.4.2 Mirage in its Exhibition, Online Articles, and Prizes

Recognition of Mirage is related to a central passage point, its first exhibition.
This event is a material and physical collision of Mirage’s technical form, au-
thors, audience, and the discursive practices of media art. From there, further
recognition through online articles and media art prizes is unfurled.

Exhibition

LEAP Gallery first exhibited Mirage in April 2014 in Berlin. I have already
reported on several incidents in the context of this exhibition, as the technical
adjustment of Mirage to environmental conditions and how Baecker translated
his tinkering into a technical drawing. The gallery’s name is an acronym for Lab
for Emerging Arts and Performance. According to its own description, it is a
non-profit interdisciplinary project for emerging art forms, digital media arts,
and performance.® It hosts international solo and group exhibitions by up-and-
coming as well as more established artists. Prior to exhibiting Mirage, Baecker
had already had a solo exhibition at LEAP Gallery in summer 2013. For that
exhibition, Baecker showed several installations, among them Rechnender

60  LEAP Gallery’s website: http://www.xLEAPx.org/ (last accessed August 5, 2014).
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Raum. Hence, Baecker and the gallery had already worked together based on
their matching artistic interests.

The gallery first exhibited Mirage as part of a group exhibition entitled
“Obsessive Sensing.” In total, the exhibition hosted seven installations from
international artists. Most of the installations had been exhibited before. The
exhibition flyer introduced the topic of obsessive sensing within a media-
philosophical text, in which the author, Sandra Moskova, referred to Max
Bense’s “information aesthetics.” She marked the exhibition’s theme as con-
cerned with sensing, computation, and the relations of machines, bodies, materi-
ality, and immateriality. Within this media-philosophical introduction, Moskova
mentioned Mirage in particular. She referred to Mirage as “exploring the border-
line between the virtual and the real from two perspectives” (Moskova 2014). On
one hand, Mirage is an aesthetic investigation of synthesized behavior, and, on
the other, the installation investigates the physical space where the virtual be-
comes real, said Moskova.

The gallery has a main exhibition room of approximately 150m? and an ad-
ditional room of about 30m?. That additional room was dedicated to Mirage’s
exhibition, as it has no windows and, hence, provides the best light conditions
for the laser projection. As I have already reported, Baecker moved to the gallery
space several days prior to the opening, as he wanted enough time to adjust Mi-
rage to its new environment. However, it was not only Mirage that Baecker
adjusted. Although the room has no windows and is located in the back of the
gallery space, it was still too bright, as the room’s entrance has no doors. This
caused Baecker to build and install his own curtain instead of doors so as to
optimize the light conditions. In so doing, he anticipated how the visitors would
recognize the laser reflections on the acrylic foil. Eventually, he placed Mirage’s
frame so that very little light could fall on its hardware and so that the image
projected on the wall was at the darkest end of the room.

The setting prearranged how visitors engage with Mirage. At the exhibition
opening, I was in the audience. Typically, visitors would come into the room and
immediately look at the projection at the dark end of the room. This caused them
to pause shortly to perceive the movement. Most visitors go closer to the metal
frame. First, they looked at the complete frame and then started to inspect the
hardware in more detail. They leaned forward to see the small movements of the
wires; some needed to stand on their tiptoes to look at the mirror foil from above;
others bent over to look at the small Raspberry Pi display, whose numbers
changed frequently; a few visitors even touched the frame, while other visitors
weaved through the laser light so as to interrupt the projection. After inspecting
the hardware, some visitors moved to the other end of the room to have a closer
look at the projected image. Despite this physical inspection, visitors also read
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the exhibition flyer, which was only possible close to the curtain, or they talked
with each other about Mirage. Occasionally, Baecker explained how the installa-
tion worked and what hardware components he had assembled.

The exhibition’s opening was a site where authors, objects, and discourses
could collide, which made this discursive practice become a physical and tem-
poral experience. The setting included Mirage’s references, which circulated
among the audience members in the exhibition flyer, Mirage’s physical and
aesthetic presence, and in the audience itself, who bodily experienced the laser
image and re-enacted Mirage’s narratives in discussions about the piece. The
temporal collision of all these entities constituted Mirage as marked and catego-
rized as an exhibited artwork — its value might not have been exhaustively at-
tributed yet, but the exhibition practice marked Mirage as a candidate for valori-
zation through the media art discourse.

Online Articles

The exhibition of Mirage at LEAP Gallery was a kick-off for the installation’s
recognition in online blogs and journals. Some of these publications have been
concerned with the group exhibition, while others address Mirage in particular.
The publishing sites are either explicitly related to art and media art or address
current technological trends.

Articles that address the group exhibitions begin by reiterating its theme and
explain what “Obsessive Sensing” is about. Siofra McSherry, writing for the
contemporary online art magazine “This Is Tomorrow,” explained LEAP’s new
exhibition as “exploring the psychogeography of spaces where digital and physi-
cal forms of perception meet.” She stressed that “the artists force the viewer to
confront the consequences of relying on technology to mediate our experiences”
(McSherry 2014). AJ Kiyoizumi added in his article for the online art guide
“Berlin Art Link” that the exhibition’s concern with technologies is repeated in
the practices of the curated artists. He stated that many installations “were creat-
ed using technical methods rather than traditional artistic-academic skills”
(Kiyoizumi 2014). Both authors, McSherry and Kiyoizumi, continued their arti-
cles with a run through the exhibited pieces. Their accounts address all of the six
pieces, but highlight Mirage as a particularly good piece. McSherry marked
Mirage as “perhaps the most aesthetically successful of the pieces.” She con-
nected Mirage with the curator’s reframing of Max Bense’s question of whether
aesthetics come after computing. In the following, she sketched Mirage’s tech-
nical elements and picked up some of Baecker’s official tropes, such as the hal-
lucinating algorithm or synthesized landscape. She explained that the “twisting
ribbon of red laser projected on the wall is formed from data about the Earth’s
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magnetic field.” Furthermore, she added figurative accounts and regarded the
grid of muscle wires as resembling “the interior of a piano.” Closing the para-
graph, McSherry wrote about Mirage’s movements (McSherry 2014):

“The dance between material and immaterial here generates a work of startling and
stark beauty, heightened by the impenetrable mysteriousness of the process to the
uninitiated.”

Kiyoizumi, who regarded the visual aesthetics of Mirage as “especially” interest-
ing, also used such figurative language. He attempted to capture these aesthetics
in the following sentence (Kiyoizumi 2014):

“A red wisp seems to tread air on the wall, fluctuating in the same rhythm as a piece
of kelp in water.”

McSherry’s and Kiyoizumi’s articles have both been published on websites that
are explicitly concerned with current exhibitions in contemporary art and, hence,
are generally concerned with the overall exhibition. In contrast, Mitchell White-
law’s article published on the website “Post Matter” is particularly concerned
with Mirage and less with the overall exhibition (Whitelaw 2014). Post Matter
describes itself as a website that “sits at the convergence of the digital and physi-
cal world. Through editorial, exhibitions and art commissions, it celebrates the
people and projects that push boundaries.”®' Such self-descriptions are somewhat
typical for media art: festivals like Ars Electronica, Transmediale, or Fiber Festi-
val emphasize their boundary positions as, for example, connecting art and sci-
ence, art and society, technology and culture, etc., or, as here, between the digital
and physical. In this sense, Whitelaw’s article is located at a more specific site
than the previous two: it is not contemporary art in general, but more specifically
positioned as part of the media art discussion. Furthermore, Whitelaw is an au-
thor engaged in meta-discussion about media and media art. For example, he has
published an article about Baecker’s work in the refereed journal “Scan — Journal
of Media Arts Culture,” in which he addressed some of Baecker’s previous in-
stallations as a novel approach to combining materiality and algorithms
(Whitelaw 2013). Hence, Whitelaw did not recognize Mirage by accident, as he
had been previously engaged with Baecker’s work. Furthermore, through his
biography as author, his article gains significance as a contribution to the media
art discourse.

In this sense, it is no wonder that Whitelaw began his article on Post Matter
by referring to Baecker’s previous work. This created continuity between Mirage

61  The Post Matter website: http:/postmatter.com/#/home. Self-descriptive quotes are found at
the very bottom of the page (last accessed June 26, 2015).
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and Baecker’s previous installations. Furthermore, it allowed Whitelaw to not
only distinguish Mirage as a particularly interesting piece, but to also regard
Baecker’s general artistic approach as different from other media artists. He saw
that difference in media artists’ common focus on software as medium, whereas
Baecker had turned to combining computational algorithms and materiality. For
Whitelaw, Mirage continues this “poetic approach to hardware,” and he de-
scribed the artwork’s approach as “the artist tuning into the Earth itself.” He
continued by describing Mirage’s hardware elements and how they created the
moving image. His language picks up Baecker’s tropes of dreaming and halluci-
nating technology. Similarly to the articles by McSherry and Kyioizumi, White-
law added figurative accounts to capture the aesthetics of the projected image
and described the laser as “creating reflections that play across the room, folding
its terrain into a slowly twisting, luminous figure.” After describing the image,
the article continues with Baecker’s general idea behind Mirage. Whitelaw re-
ported that Baecker “observes that modern scientific images — from microscopes
to telescopes — are increasingly distant from the reality they claim to present.”
From that observation, Whitelaw enacts in particular Mirage’s difference to the
scientific machines that hide the connections between the world and the generat-
ed image. He formulates Mirage’s difference as follows:

“’Mirage’ offers a counterpoint to this: a mechanical image-machine that exposes its
inner workings. We can see the muscle wires pulling, the mirror flexing, the laser
scanning.”

However, Whitelaw has regarded not only the visibility of Mirage’s technical
components as significant, but also the opacity of how they work together. He
described the converting algorithm as “a black box™ at the core of the machine
and referred to its workings as resembling “a landscape constructed of digital
dreams.” Closings his article, he reiterated some more of Baecker’s figures as a
reference to Google data. Significantly, Whitelaw continuously picks up and
reformulates figures as “dreaming” or “hallucinating,” thereby adding abstract
associative descriptions of Mirage’s aesthetics to the narratives already written.
By enacting Mirage as continuing Baecker’s work, Whitelaw has signified the
installation as a significant contribution to media art. He makes this very explic-
itly as he enacts differences: firstly, Baecker’s approach in opposition to soft-
ware media artists, and later Mirage in opposition to scientific apparatuses. Such
differentiating references mark Mirage as a contribution to art, in the sense of
being different from other art works; furthermore, they mark Mirage as a signifi-
cant contribution to media art, a field that continuously makes cross-links be-
tween science and art.
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Despite this recognition through art-related publications, Mirage is also rec-
ognized by websites concerned with technology — or, to put it another way, with
modern technological lifestyle. One of such sites is “Wired” magazine, which is
a popular print magazine as well as online platform that comments on the latest
technology trends. The article by Olivia Solon for Wired shares, with the articles
mentioned above, a dense description of how Mirage generated its image. In
contrast to the articles above, Solon’s report also includes interview quotes, in
which Baecker speaks about his technical research and about what the installa-
tion is supposed to represent. The article emphasizes the technical research be-
hind Mirage’s construction. Solon reported on the intense labor and material
tinkering that went into Mirage and explained how far Baecker’s artistic ap-
proach involves advanced technologies (Solon 2014). Filip Visnjic, who reported
on Mirage for “Creative Applications Networks,” a website addressing new
trends in digital art, puts Mirage’s technicity in focus as well (Visnjic 2014).
“Amusement,” another website concerned with “net culture,” started their de-
scription of Mirage’s technical processes by advising the reader to first “take the
time to watch the video and to appreciate the beauty of the landscapes created by
the laser projections,” before trying to understand the technical explanation,
which is a challenging task according to the website (Amusement 2014). The
language used in these reports is somewhat less figurative than in Whitelaw’s
account. The descriptions are more straightforward and do not add associative
layers on top of Baecker’s own narratives. In particular, Solon’s article is con-
cerned with Mirage’s technology and less with the artistic concept.

Prizes

As mentioned, media art discourse entails several more or less institutionalized
festivals. Some of the more institutionalized festivals include awards for out-
standing media art works. Commonly, awards are categorized into subgenres
such as visual design, sound art, or the like, which reflect the range of media
used in the field. The Prix Ars Electronica, for instance, awards prizes in the
categories Computer Animation, Digital Music & Sound Art, Hybrid Art, ul9,
Visionary Pioneers in Media Art, and the Voestalpine Art and Technology Grant.
Each category’s main award is the “Golden Nica,” which is given to one artist or
to one installation. Most categories also entail secondary prizes called “awards of
distinction” and “honorary mentions.” In order to participate in the Prix, artists
need to submit their works according to specific submission guidelines.

Baecker has received several awards, prizes, honorary mentions, and scholar-
ships during his career so far. Among these are second prize at the VIDA 14.0 Art
& Attificial Life Award (Madrid, ES), an honorary mention at Prix Ars Electronica
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2012, and honorary mentions at Share Prize 2009 (Turin, IT), CYNETart 08
(Dresden, DE), and Digital Sparks Award 08 (Bonn, DE), as well as the production
scholarship DOCK e.V. from Schering Stiftung (Berlin, DE). In this regard, the
international media art scene has already recognized Baecker’s previous installa-
tions and, hence, has valuated his work as a significant contribution to the field.
After the exhibition in LEAP Gallery, Baecker submitted Mirage to the Prix
Ars Electronica 2015 in the category “Hybrid Art.” The submission was success-
ful, and Mirage received an honorary mention. The Ars Electronica website ar-
chives each honorary mention, including several pictures, a video, explanatory
notes, and biographical notes on the artist. In total, there are 12 honorary mentions,
two awards of distinction, and one Golden Nica in the 2015 Hybrid Art category.
The Prix Ars Electronica jury describes the objective of the category as follows:

“The ‘Hybrid Art’ category is dedicated specifically to today’s hybrid and transdis-
ciplinary projects and approaches to media art. Primary emphasis is on the process
of fusing different media and genres into new forms of artistic expression as well as
the act of transcending the boundaries between art and research, art and so-
cial/political activism, art and pop culture. Jurors will be looking very closely at how
dynamically the submitted work defies classification in a single one of the Prix cate-
gories of long standing.”®

This statement stresses boundaries and asks artworks to re-negotiate these in
order to receive an award. The jury’s statement stresses the fusion of different
media that leads to novel forms of artistic expression. According to the jury, not
only should this entail the use of different materials, but also the “transcending”
of societal realms as art, research, politics, and pop culture. As mentioned, such
boundary semantics are typical for media art, and, here, boundaries are enacted
so as to serve as criteria for valuable art. Furthermore, the jury’s statement not
only entails the overcoming of societal boundaries, but also encourages the defy-
ing of the classifications of the established Prix Ars Electronica canon, which has
been running since 1987. In the latter sense, the jury stresses that, not only is the
transdisciplinary character of artworks is matter of value, but also its contribu-
tion to media art. This makes the evaluation criteria more specific to the field
media art, as it addresses a contribution’s relation to previous artworks and that a
submission’s difference is regarded positively.

The jury’s statement indicates that media art and its very criteria reflexively
encourage artworks to articulate diverse realms. In so doing, the statement enacts
boundaries and renders their overcoming as a value of the media art discourse.
Baecker’s associative references in his writings and talks mirror such valoriza-

62  Prix Ars Electronica website for the category Hybrid Art: http://www.aec.at/prix/en/katego
rien/hybrid-art/ (last accessed May 28, 2015).
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tion. In this sense, the award values the conceptual and material labor of Baeck-
er’s artistic process.

4.4.3 Passage Points, Selected Elements, and Dynamic Practices

The RBO Hand’s and Mirage’s valorization are both characterized by passage
points (cf. Callon 1986), which the RBO Hand and Mirage have to pass in order
to become a recognizable and potentially valuable contributions to robotics and
media art. Regarding the RBO Hand, this is the publication of Deimel’s and
Brock’s paper in 2013. All citations refer to the paper and those elements of the
RBO Hand that Deimel and Brock have selected and enacted as most relevant.
The paper stabilizes what is regarded as relevant to the RBO Hand’s approach
and, hence, what becomes the central issue in discussions of the Hand’s differ-
ence and value in contrast to the robotics technologies that are already part of the
shared memory. Mirage’s passage point is the exhibition at LEAP Gallery. The
event was the kick-off for all preceding recognition. It is a public event recog-
nized by authors publishing on contemporary art or media art in particular. The
exhibition context connects Mirage to a media art institution, LEAP Gallery, and
assembles several artworks by different artists under a shared topic of significant
concern for the media art discourse. In this regard, these passage points leave
their marks on the RBO Hand and Mirage: they mark both objects as candidates
for valorization, as they have passed the minimum requirement to become part of
the shared robotics and media art memory.

The referencing practices of authors discussing the RBO Hand and Mirage
share references to selected elements of both objects. This entails the further
signification of those elements that are already focal points of Deimel’s and
Baecker’s referencing practices: compliance and the hallucinating machine.
Citations single out the RBO Hand’s compliance as the core characteristic of the
Hand, and they discuss how far this approach advances robotic grasping and
what its impediments are. Furthermore, newspaper articles select and signify the
Hand’s compliance. They reiterate compliance through tropes like “gentle robot
hand” as well as figurative visual codes like placing a coffee cup in the Hand.
Concerning Mirage, the selective re-enactment of core elements is similar. The
exhibition flyer and online articles reiterate Baecker’s own writings and add
associative references, which further signify the hallucinating machine as Mi-
rage’s distinctive concept. The honorary mention by the Prix Ars Electronica
mirrors Baecker’s concern with scientific technologies and the border between
epistemic and aesthetic technologies, embodied in the same trope of the halluci-
nating machine. In this regard, compliance and the hallucinating machine are
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recognized and reiterated through the robotics and media art discourse and are
further stabilized as categories that embody the difference of both objects.

The valorization of both objects are dynamic practices. These practices in-
clude markings as well as the production of something else through other authors
of a discourse. The RSS Award and the Prix Ars Electronica mark both objects
as valuable contributions. Each award includes criteria that emphasize that an
object has to go beyond the shared memory of the field — a research paper has to
be original and an artwork has to transcend boundaries, so say the criteria.
Hence, an award marks an object as distinctively different from all other objects
of the shared memory and, in this regard, as a valuable contribution to advancing
the field. Marking an object as such is a practice that requires selection, discus-
sion, and statements by jury members. Similar practices are also part of citing
and producing articles that refer to the RBO Hand and Mirage. Citations and
public articles valorize objects, as they are a form of shared sense-making, and
discuss to what extent objects embody scientific progress or aesthetic experience.
All citations and articles refer to the RBO Hand and Mirage in order to produce
something more. They use them to legitimize research and illustrate the benefi-
cial aspects of compliant grasping, or they use Mirage as an example of media
research’s concern with boundaries between art and science or the digital and
physical realm.

4.5 Articulating Difference as Novelty

In the beginning of this section, I address the objective to delineate the valorization
of the RBO Hand and Mirage. In order to so, I propose combining elements from
Groys’ archive figure and Latour’s immutable mobiles. Whereas Groys’ archive
benefits from his clear account of novelty as valorization and the requirement of
referring to the old in order to label something as new, his concept lacks dynamics,
as he does not account for the selectiveness and materiality of referencing. These
impediments are central concerns of Latour’s immutable mobiles. They address, in
particular, how material representations selectively enfold the world and allow
displacement through transformation. The translation of events into objects bridges
world and discourse step by step. Nevertheless, Latour’s concept lacks what Groys
has: a concept of novelty that may account for the valorization of an object, which
marks it as a significant contribution to shared memory.

This conceptual discussion structures my empirical account, and I propose
regarding the valorization of the RBO Hand and Mirage as an articulation of
shared discursive practices, translated events, and the referencing practices of
authors and archive. Their articulation bridges the laboratory and studio world
with the collective valorization of discourses.
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The discursive practices set the scene for both objects’ valorization. They
are shared, stable, and materialized ways of statement production. In this sense,
the RBO Hand and Mirage were born into this setting, and discursive practices
will continue no matter whether both objects become part of a discourse or not.
Institutionalized events are public arenas for objects that allow mutual recogni-
tion as well as the capturing of several objects under a shared category, like ro-
botic grasping or hybrid art. Some of such events publish conference proceed-
ings or exhibition catalogues. Publications not only entail written texts about
objects, but also distinct and field-specific immutable mobiles like graphs and
models, as well as figurative visual codes. Graphs and models are signifiers of
science when enacted as conceptual representations. Whereas they are already
addressed by Latour, discursive practices in robotics are particularly structured
through visual codes that reiterate the humanoid robot as “almost human”
(Castafieda and Suchman 2014). Latour’s materialistic perspective neglects such
shared figures. Nevertheless, they coordinate meaning-making and also signify
the difference of a particular research approach in robotics.

The efficacy of discursive practices not only entails public events, but is al-
ready demonstrated in the laboratory and studio, as they influence the ways events
are translated into stable entities. The scientific experiment conducted by Deimel
is particularly significant in this regard and does not have a comparative pendant in
Baecker’s practice. Deimel conducts the experiment according to scripted proce-
dures, which trigger events that either translate into graphs or vanish from experi-
mental results. Discursive practices only allow selected elements of the laboratory
world to travel, which either legitimizes certain kinds of failure or conceals illegit-
imate failure. The experiment significantly enacts the Hand as a scientific object,
as it is structured by a sequential order of reproducible differential patterns (cf.
Rheinberger 1992) and, furthermore, selectively translates events into scientific
representations. The translation of events in Baecker’s studio is different in as far
as it does not require such a sequential order of events. A drawing enfolds his tink-
ering so as to connect his future installation and the discursive practices of media
art. In contrast to the immutable graphs produced in the robotics experiment, the
drawing does not represent Mirage’s efficacy, but points to a future enactment of
the object. All translations of events share the production of entities that stabilize a
temporal object state, select relations while concealing others, and allow for travel
beyond the context of their production.

Referencing practices by the authors differ from the translation of events, as
far as they do not open opportunities for new relations but actively add them.
References allude to similarities and differences between the object and other
objects, concepts, imaginaries, or figures. Deimel’s and Baecker’s referencing
practices are diverse and entail different media: these range from text-based
media, from writings and talks to visual codes in pictures and video to semiotics
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evoked through the choice of distinct materialities. Despite the variety of media,
three kinds of referencing practices dominate the discursive enactment of the
RBO Hand and Mirage. Conceptual referencing dominates Deimel’s writings.
Compliance is the focal point of references to other robotic hands and concepts,
as well as to what the authors regard as the Hand’s novelty. Conceptual referenc-
ing alludes to similarities and differences between two entities’ essential fea-
tures, which determine their application or technical implementation. In contrast,
figurative referencing builds upon shared figures of a discourse. References in
Deimel’s talk reiterate human grasping as an ideal for robotics, which creates
stability in shared imaginaries and simultaneously contests previous figurations,
as the references allude to specific characteristics, which are enacted as more
appropriate, neglected, or different. In contrast, associative referencing does not
entail such normative statements. In his writings, talks, and online activities,
Baecker draws connections between different realms and discourses and alludes
to the aesthetic similarities between different scientific technologies. In terms of
Mirage, associative references allude to technologies’ capacity to render other-
wise hidden processes, which signifies his focal trope of Mirage as a hallucinat-
ing machine.

In general, references through the archive pick up what authors regard as
their objects’ distinct features. Archival practices reiterate focal points such as
compliance and the hallucinating machine and, in so doing, relate the potentially
new to the shared memory of a specific field (cf. Groys 1992). This mutual
recognition requires passing passage points, which mediate between the poten-
tially new object and the world of discourses. For the RBO Hand, this is the first
published paper from 2013, and, for Mirage, the passage point is its first exhibi-
tion, which kicks off its recognition by journalist, media researchers, and art
institutions. Latour’s materialistic account of bridging the world and discourse
may aid in understanding how immutable mobiles constitute passing through
those passage points, but it does not account for the meaning-making via these
practices. The paper and exhibition sound a qualitative shift in both objects’
existence, as they become recognizable, citable, and discussable through them
and, hence, are open to external interpretations and accounts of their value. They
become part of shared practices that are concerned with attributing meaning to
the object. This particularly shows how authors select elements from the paper
and exhibition and reiterate these in further publications. This selective reitera-
tion stabilizes the focal points compliance and hallucinating machine. External
authors pick them up as categories that embody both objects’ differences in con-
trast to other objects or concepts in the field. Furthermore, they add their own
conceptual or associative interpretations to these categories and, hence, signify
both categories as meaningful for more general concerns in robotic grasping and
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media art. This shows that valorization is not just an institutional mark through
prizes and awards, which would have been the solitary focus from Groys’ per-
spective. Moreover, valorization is a dynamic practice that re-enacts an object’s
difference according to one’s own research or artistic interests. This is valoriza-
tion, too, as it fuels practices concerned with inquiries into novelty.

What does the concept of articulation stress in this regard? The main issue
of articulation is how a sense of unity evolves through the connection of diverse
elements. In this account, I regard discursive practices, translations, and refer-
ences through authors and archive as articulated. The sense of unity is the focal
point that embodies both objects’ differences: compliance and the hallucinating
machine. All articulated elements increasingly signify these categories from
different perspectives and through diverse practices, materialities, and signs. In
contrast to Groys, it is not only reference to the old that signifies an object’s
difference; articulations also stress that difference requires embodiment in order
to become a shared value. Such embodiments can be diverse — they can be se-
mantic categories like tropes and visual codes as well as material forms. What
they share is the convergence of practices toward increasingly individuated cate-
gories that signify the distinct characteristics of an object. In this regard, differ-
ence is not only the relation to what came before, but foremost an articulation of
elements into unifying categories that embody an object’s value as novelty.
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5 The Aesthetic Reflexivity of Material Practice

The preceding three Chapters delineate results concerning the main question of
this study, how do technological objects articulate novelty? The three articula-
tions of novelty — identity, form, and difference — characterize what novelty is in
the becoming of technological objects and capture how an object-character as
well as an object’s difference become part of a shared reality. I wrap up the re-
sults in the concluding Chapter 6 and discuss in a condensed way what is seen
differently through the lens of articulation in contrast to the established perspec-
tives of inventions, differential pattern, and biographical passage.

For the following Chapter 5, I turn to a question that is somewhat imposed on
this study by the empirical findings and, hence, goes beyond its central concerns.
The question is, to what extent the RBO Hand and Mirage and, in particular, their
concern with materiality are significant for new, maybe more reflexive, modes of
engaging with technology in science and art? The question aims at discussing in
how far the turning back to the more bounded and physical practices of material
tinkering in favor of the presumably “emptied-out” (Giddens 1990) abstraction of
theory is significant for a specific mode of engaging with technology that can be
observed in several other art, design, and science projects as well.

In this sense, the question links back to the intriguing observation that in-
spired this comparative study in the first place: the poietic engagement with
technologically complex objects in science and art. The observation’s curiosity
was driven by the appearance of technologically complex artworks and the so-
phisticated engineering they require. Paint and brush, wood and mallet, and the
photographic lens seem to be more natural tools and techniques for the produc-
tion of artworks and the way artists capture and reproduce their life-worlds. Cir-
cuits, microchips, algorithms, lasers, and mechanics are typically means for solv-
ing concrete problems through engineering and not for aesthetic expression.
However, the empirical findings suggest that almost the same could be said con-
cerning the RBO Hand as well, as implementing silicone contradicts the image
of high-end scientific technology as well as theory-driven approaches. Plenty, if
not most, contributions to robotics are simulations, theoretical models, or based
on programming the existing commercial hardware that has become standard
infrastructure in robotics research. Such approaches have the benefits that their
research is more easily comparable, as they are based on a shared epistemic
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grammar and do not require additional tinkering skills. Hence, both Deimel and
Baecker are not obliged to develop technological hardware in order to contribute
to their field, but they still do. The embodiment of the RBO Hand is an approach
to creating behavior and effect instead of theoretical modeling — an approach that
refers to robotics as an “alchemy,” as Brock has said. Baecker’s artistic engage-
ment with hardware is a turn toward materiality, too. Mirage not only produces
an image, but the material and technically complex mode of generating the im-
age also becomes part of the image itself. This deep engagement with materiality
was an intriguing observation that inspired this study. It has become a pressing
concern through the empirical investigation, which imposes on this study to
discuss what signifies such critical engagement with materiality and to elaborate
whether it is a specific mode of engaging with technology in late modernity.

In so doing, I pick up the notion of “reflexivity” and elaborate its potential
to characterize critical engagements with technology. Furthermore, I refer to
additional examples of science, design, and art projects to discuss if issues
learned from comparing the RBO Hand and Mirage are of broader significance.
For instance, textiles become interfaces, biological probes are perverted as meat
stakes, robots perform symptoms of mental illnesses — just a few examples of
projects that not only produce an account of or comment on society, but wherein
the embodied and material conduct is deeply entwined with epistemologies. I
begin the discussion by elaborating different notions of reflexivity in order to
differentiate between notions, which regard reflexivity as an elementary part of
social conduct and others, which have a more diagnostic connotation so as to
characterize shifts occurring in late modernity. From that discussion, I use as-
pects of the ethnomethodological understanding of essential reflexivity as well
as, and more central, diagnostic aspects of aesthetic reflexivity, which is not so
much about self-monitoring but foremost about self-interpretation (Lash 1993).

5.1 Which Reflexivity?

“Reflexivity” is a term with a diffuse trajectory in social science. It is as widely
used as it is differently defined. This means that some definitions understand
reflexivity as an anthropological necessity, whereas, in others, the term diagno-
ses states in the advancement of modern societies. In general terms, Cornelius
Schubert distinguishes between three kinds of reflexivity in social-scientific
literature (Schubert 2014, 8ff.). He distinguishes between fundamental reflexivi-
ty, the reflexivity of social order, and the reflexivity of consequences. Funda-
mental reflexivity refers to the contingency of human actions, in the sense of the
capacity for choice and changing the course of effect. This entails the ethno-
methodological notion of essential reflexivity, which is concerned with not only
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how actors are self-aware, but how they make their self-awareness available to
others by indicating their rational orientation as part of conducting that particular
action (Garfinkel 1967; Lynch 2000; Passoth and Rammert 2016). The reflexivity
of social order does not contradict this notion, but formulates the question of
self-awareness as a matter of social order. This places emphasis on the self-
monitoring of societies. Anthony Giddens understands reflexivity in this regard
not merely as “self-consciousness,” but as the monitored character of the ongo-
ing flow of social life (Giddens 1986). Schubert explains that reflexivity is not
merely a matter of doing things differently from that perspective, but includes
the maintenance of social order. The reflexivity of consequences entails a more
diagnostic connotation than the preceding two. This means that reflexivity is
used here so as to characterize to what extent modern societies are different from
previous societies in terms of the consequences they produce. In Ulrich Beck’s
diagnosis of a “second modernity,” he has understood reflexivity not as in-
creased self-monitoring, but as increasingly unforeseen consequences, unintend-
ed effects, and ambiguities in societies of late modernity (Beck 1994).

Another account of reflexivity, which is not covered by Schubert’s classifi-
cation, is aesthetic reflexivity, as advanced by Scott Lash and John Urry (Lash
1993; Lash and Urry 1994). They did not distinguish between three types of
reflexivity, but rather placed only their aesthetic reflexivity in opposition to cog-
nitive reflexivity. They criticized Giddens and Beck for the hidden cognitivism
that underlies their central notions of “monitoring” and “criticism” as drivers of
increasingly reflexive modes of social order in late modernity (Lash and Urry
1994, 32-44). According to Lash and Urry, Giddens’ and Beck’s understanding
of reflexivity conceals the aesthetic dimension of reflexivity, which increasingly
signifies the expressive dimension of the modern self, whose sources are signs
and allegories instead of information and knowledge. This entails, furthermore, a
misconception of the body, which is not merely a monitored object, but rather a
reflexive agent in itself. In this regard, they propose switching from self-
monitoring to self-interpretation, which is rooted in hermeneutics (Lash 1993,
8ff.). They have emphasized the interpretative character of processing the sense
of information instead of simply feeding information back into practice in the
sense of a cybernetic causality. Pivotal concerns of this interpretive flexibility are
allegories, bodies, and both’s cultural role in late modernity. Lash and Urry’s
concept is not necessarily an additional type that is missed in Schubert’s classifi-
cation. Rather, it entails elements of ethnomethodology, as both bring individual
actors and materiality into the discussion of reflexivity, and, in addition, aesthet-
ic reflexivity stresses social order and consequences, because it regards aesthet-
ics as an integral element of producing order, as well as the diagnosis that aes-
thetics became increasingly important in the consumption culture at the end of
the 20™ century.
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In the following, I pick up issues from the ethnomethodological basics of
reflexivity as well as the diagnostic aspects of Lash’s and Urry’s work. In so
doing, I place emphasis on materiality: firstly, in how references are signified
through bodily conduct and then in how materiality becomes an image of critical
engagement with science and technology. The section draws on additional ex-
amples from robotics and media art in order to delineate reflexive modes of
broader significance concerning critical engagements with technology.

5.2 The Indexicality of Referencing

Ethnomethodology understands reflexivity as an essential part of human every-
day activity and, as such, as embodied in conduct (Lynch 2000). It is an essential
feature of Harold Garfinkel’s ethnomethodological program, which is concerned
with the everyday accomplishment of organizing activities (Garfinkel 1967). The
crux of accomplishing coordinated activities is that actors make available to
other actors the rationale of their action within the performance of that particular
action. The reflexivity of actions is not only the own reaction to oneself within
conduct, it is also the “embodied practice through which persons singly and
together, retrospectively and prospectively, produce account-able states of af-
fairs” (Lynch 2000, 33). Garfinkel explained in this regard that “account-able”
means making observable, reportable, and making intelligible one’s action, as in
making everyday activities recognizable as familiar doings (Garfinkel 1967, 1-
9). As such, practice is inevitably indexical. With indexicality, Garfinkel stressed
the proclaimed dichotomy between, on one end, abstract or objective statements
and, on the other end, those of specific and locally bound meaning. He was radi-
cal about this and stated that, in fact, all statements are somewhat indexical, no
matter whether it is a scientific text, an administrative file, or a mundane conver-
sation; intelligibility depends on the application of presupposed knowledge in
order to characterize the situation at hand and on making sense of statements
within that situation (Garfinkel 1967, 18-24). The ability to repair the indexicali-
ty of statements in everyday situations lie’s in the actor’s capacity to act reflex-
ively upon situations, which allows the actor to act in a good-enough manner to
continue the flow of conduct.

Although Garfinkel’s concerns seem to contradict the study of novelty at
first glance, because everyday practice and the accomplishment of organized
activity seem to have little to do with articulating difference, his notion of reflex-
ive accountability touches upon issues that are subject matter in this study. De-
spite the methodological implications that I have already discussed concerning
comparison (Stubbe 2015), there is another issue pushed to the forefront via
referring to reflexivity in an ethnomethodological sense: the indexicality of ref-



5.2 The Indexicality of Referencing 225

erencing. The articulation of difference entails three modes of referencing: con-
ceptual, figurative, and associative. They are all of a different nature: conceptual
referencing alludes to essential features, figurative referencing alludes to desira-
ble figures, and associative referencing alludes to aesthetic similarities. The im-
posing question in terms of reflexivity is: why are all these different kinds of
referencing unproblematic for the actors as well as for the audience? From the
present viewpoint, the answer to this is: the indexicality of references is repaired
through the actors’ performed reflexivity. The sample fingers that Deimel passed
around the audience at the ICRA provided an unconventional mode of presenting
research at a conference, but still, his actions were intelligible as scientific be-
cause they were performed as science. Deimel’s bodily gestures indicated the
connection between the sample fingers and the concepts of his talk. By passing
them around in the audience, the silicone’s softness became an experience of
compliance and, as such, a reference to scientific issues — whereas a change in
location and conduct could make the PneuFlex Actuators a toy or whatever else.
Baecker’s associative referencing is somewhat more drastic in this regard: why
are pictures of scientific technologies or geological profiles intelligible as refer-
ences for art? The performative nature of juxtaposing images without explana-
tions alludes to the aesthetic dimension of scientific technologies. Their aesthet-
ics are not given in the first place, and Baecker does not manipulate or alter the
images he finds as scientific illustrations. Rather, the decontextualized reproduc-
tion of scientific images makes Baecker’s orientation toward their aesthetics
available to the audience. His references do not include detailed explanations of
models, bullet points, conclusions, or whatever else belongs to presentations in
science; Baecker only reproduces images like pictures of apparatuses or graphic
representations. As such, the image’s intelligibility as an associative reference
for art is produced through its decoupling from an original context that still reso-
nates, but that is reduced to visual elements and their peculiar similarities.
Deimel and Baecker do not explicitly address or explain the unconventional
nature of references; rather, they repair the gap between predictable discursive
practices and their own references by making their orientation available to oth-
ers. In this sense, not only is referencing a means to create connections to a
particular discourse, but its reflexive performance is a signifier of the discourse
to which actors contribute.

The indexicality of referencing focuses on the visual, embodied, and mate-
rial conduct of making an object’s novelty intelligible to others. The reflexivity
of this conduct is a matter of accounting for the actor’s rationale as well as the
significance of material and aesthetic references. However, the ethnomethodo-
logical approach to reflexivity might set the basics for reflexivity as a bodily,
material, and practical issue, but it does not encourage the differentiation of more
or less critical modes of engaging with technology. This concerns how materiali-
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ty not only is a matter of creating accountability, but itself becomes an image of
critical epistemologies.

5.3 Aesthetic Reflexivity and Materiality

Lash and Urry have continued the ethnomethodological concern with individual
actors. In contrast to Giddens, they emphasize the interpretive capacity of actors
who do not simply seek to secure rules and resources through monitoring, but
rather arrange and construe economies of signs as sources for creating a self
(Lash and Urry 1994). In so doing, their critique focuses on two issues: bodies
and allegories, which they regard as pivotal drivers of aesthetic reflexivity. In the
following, I turn to their concern with bodies and draw parallels to material
modes of engagement in science and art.

Lash and Urry began with a concern of Giddens, who considers the increas-
ingly individuated body in late modernity. Giddens focuses on how the body
turns into an object when actors engage with its outer appearance and monitor its
physical state. However, this view reiterates a subject-object dualism, says Lash
and Urry’s critique, which is deemed inappropriate, as the body itself becomes
an agent of reflexivity. They draw on Marcel Mauss to put forward the argument
that bodies are not merely mastered by a cognitive self, but rather, the body
makes up the conscious and unconscious mind and constitutes practical forms of
reasoning. They have cited Mauss in this regard, for whom the body is man’s
first and most natural instrument (Lash and Urry 1994, 46). In this vein, their
understanding of reflexivity gains an experiential notion in which the body con-
stitutes the very process of monitoring and interpretation. This makes self-
interpretation an immediate and physically bounded practice, in opposition to the
processing of abstract symbols, which “empty out” categories through their me-
diated forms of engagement. In their argumentation, Lash and Urry have drawn a
parallel to the engagement with objects and classifications. They have stressed
that the hermeneutic tradition is not engaged in legislating and explaining unme-
diated universals, but in interpreting and understanding the particularity and
groundedness of experience (Lash and Urry 1994, 49). This reasoning is inevita-
bly aesthetic, as it engages senses, feelings, and interpretation.

The affective qualities of reasoning resonate in Deimel’s and Baecker’s en-
gagement with technology. On the one hand, their practices in the laboratory and
studio continuously draw on their bodies as epistemic tools that conduct the con-
stellation of technical infrastructures, forms, and symbols. On the other hand, they
employ immediate forms of reasoning through their engagement with technologi-
cal hardware. Embodiment is not a matter of medium in their practice, in the sense
of a concept that is inscribed and transmitted through an artifact. Rather, the mate-
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rial qualities of the artifact are engaged in how concepts come about. The RBO
Hand implements silicone to create behavior, which is explicitly in contrast to the
abstract modeling of robotic grasping. Similarly, Baecker’s first test structure for a
hallucinating machine consisted of wood, nuts, bolts, and strings, and he rejected
the idea of simply rendering algorithms as graphical representation — a turn toward
engineering that he shares with cybernetic pioneer Ross Ashby. This implementa-
tion of materialities is reflexive, as it counteracts the linearity of technical progress.
In other words, the linearity of progress in robotic grasping can be well continued
without ever building a robotic hand, and audio-visual simulation are a valued
category in media art. Instead, the RBO Hand and Mirage are bound to the particu-
larity and groundedness of hardware, which makes them primitive and equally
aesthetic. Their techno-aesthetics are not about monitoring and contemplation, but
are experienced through the efficacy of their hardware.

The turn toward the immediate qualities of hardware and the changing stance
on technology and knowledge through material engagement is of larger signifi-
cance to science and art. An institutionalized example is the SymbioticA laboratory
at the University of Western Australia. According to their own description, Symbi-
oticA is an artistic laboratory dedicated to research, learning, critique, and hands-
on engagement with the life sciences. The laboratory is a fully-equipped research
facility that offers artists new means of inquiry and “actively use [of] the tools and
technologies of science, not just to comment about them but also to explore their
possibilities.”® Their approach contrasts art about science, in the sense of art as a
critical representation of what goes on in science. Instead, SymbioticA fosters
artworks from science, whose critical capacity draws upon the doing and making of
quasi-scientific objects. One example is the Tissue Culture & Art Project, which
explores the use of tissue technologies and different gradients of life through the
construction and growth of new classes of semi-living objects. For instance, the
artists of the project grew a steak of meat from pre-natal sheep cells harvested as
part of medical research on tissue-engineering techniques in utero. The indexicality
of the steak’s physical existence, as an entity in between nature and artificial labor-
atory, as well as the artistic conduct in a science laboratory, is repaired through the
hermeneutic capacities of actors and audience. This practical engagement is not a
matter of monitoring science and feeding that information into an artwork; it is the
immediate doing of science as art.

Another example is the approach of the Design Research Lab, established in
2010 at Berlin University of The Arts. The Design Research Lab works in “in-
terdisciplinary design research projects that mediate the gap between technologi-

63  SymbioticA website: http://www.symbiotica.uwa.edu.au/ (last accessed October 10, 2015).
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cal innovations and people's real needs.”® One of their projects is concerned
with using electronic textiles to develop interfaces between cloth and technology.
The developed artifacts combine traditional textile production techniques with
electronic functionalities. For instance, a traditional scarf made from wool con-
trols an mp3-player. The engaged human body as well as the materiality of tex-
tile, with its haptic, soft, and warm qualities, is the crux of that project. This
includes the material asymmetry between the wool and mp3-file and the simplic-
ity of the scarf’s shape transporting a certain familiarity. The electronic scarf
combines existing artifacts and technologies to create a form of bodily engage-
ment with technology illustrated in pictures on the website that show models
wearing and interacting with the scarf. The sense of the project is not the de-
ployment of the scarf as a market ready innovation. Rather, the experimental
mode of designing that resonates in its appearance creates its meaning. In this
regard, the body and the material textile are involved in performing an alterna-
tive mode of human-machine-interaction.

The point I want to make here, in this mode of aesthetic reflexivity, is that
technology is not a matter of stabilizing societal values; rather, it becomes part of
the destabilization of scientific knowledge and the technoscientific sense of pro-
gress. On the one hand, material resistance takes part in articulating novelty, and,
on the other hand, the notion of reflexivity stresses that this is not only a matter
of epistemic efficacy but also a matter of creating an image of that efficacy.
Ethnomethodologists might argue that reflexivity has always meant that cogni-
tion, material, and body are always intertwined, and Lash and Urry, and myself,
basically agree with that, but aesthetic reflexivity further stresses that performing
the disruptive, creative, and critical capacity of engaging with materiality is a
specific mode that counteracts devout beliefs in technoscientific representations
of knowledge. Science and art are different, in the sense that aesthetic reflexivity
might be more dominant in art than in science, but the RBO Hand and its modes
of enacting its distinct materialities shows that objects of science are also signi-
fied through the affective appeal of experience and efficacy and not only through
“emptied-out” abstraction.

5.4 From Symbols to Allegories of Technology
The second driver of Lash and Urry’s aesthetic reflexivity is allegories. In claim-

ing that allegories are increasingly important as sources of the self, they have
drawn on, in particular, Charles Taylor’s account of making the modern identity

64  Design Research Lab website: http://www.design-research-lab.org/ (last accessed October 10,
2015).
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(Lash and Urry 1994, 51-54). The central concern of that discussion relates to the
difference between symbol and allegory, which has been the subject matter of
philosophical debates since the 18" century. Whereas the symbol is a sign in
which form and content unite, the allegory is a sign that calls the unity of form
and content into question. In their common semiotic meaning, symbols are signs
that resemble or directly connect to the denoted object. This connection is main-
tained through habits or through sets of associations that ensure its particular
interpretation. In contrast, allegories separate form and content; they break with
the notion of expressive unity (Lash and Urry 1994, 53). Allegories transport
meaning, but do not represent an idea or object. In this regard, they require inter-
pretation and re-contextualization to be made sense of. One of the most famous
allegories is Plato’s Allegory of the Cave. In contrast to Taylor, Lash and Urry
have stressed that allegories increasingly fuel late modernity’s sense of morality
and ethics. This does not mean that symbol and allegory cannot co-exist. The
symbol retains an expressivist and romantic tradition, like the call to nature of
the Green movement in the 1970s with its utopian symbolism. In contrast, the
allegorical mode is more impulsive, anarchistic, and connected to urbanism,
globalization, complexity, and heterotopian imaginaries. Haraway’s figures en-
tail aspects of both: they stress the tropic qualities of technoscientific imaginaries
without claiming that these represent science, which is allegorical, but figures
like the OncoMouse are still symbols that are produced as signs of unity between
utopian salvation and scientific regimes (Haraway 1997).

Robotics is a field in which figurative accounts follow a dominantly sym-
bolic mode. This is demonstrated in the human as an ideal as well as in how
robots represent the humanoid imaginary. Concerning the RBO Hand, the sever-
al figurative accounts of the human hand are somewhat of a surprise, because the
Hand does not have a classical anthropomorphic design. Nevertheless, figurative
accounts of the human hand continue from making ideas intelligible to present-
ing the Hand’s concept at a conference, to the public recognition of the Hand in
online newspapers. As described, these accounts entail re-figurations, in the
sense that specific aspects of the human hand are selected and translated into
categories that differ from other categories in the field. However, the accounts
are symbolic, as they continuously reiterate the human hand as an ideal. For
instance, the story on the RBO Laboratory’s website about the unconscious
mode of human grasping renders human capacities as a benchmark for how ro-
bots should grasp. Similarly, Deimel’s figurative references select aspects of
human grasping and enact these as desirable and more appropriate for robotic
grasping. Accounts of the human hand as ideal dominate robotic grasping even
when a technical design follows a minimalist instead of an anthropomorphic
approach (cf. Balasubramanian and Santos 2014; Controzzi, Cipriani, and
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Carrozza 2014). In this sense, the figures in relation to the RBO Hand remain
symbolic as they unite the human hand and desired capacities.

In this regard, the symbolic mode of robotics does not claim that robotic and
human capacities match, but that the human hand and desired capacities are one.
What the human is can be figured rather differently in robotics and entail aspects
of human embodiment, sociability, and emotions, which are differently reiterated
in robotics and artificial intelligence research (Suchman 2007, 226-240). The
human-/ikeness or the “almost human,” is a signifier of the humanoid imaginary
in this regard, as robots are repetitively enacted as technologies in the making
whose promises always exceed their actual capacities (Castafieda and Suchman
2014). In this regard, questions of symbols are not so much about how close
robot and human are, but about how robots represent human-/ikeness. Suchman
has critically denoted, in this regard, that she is less worried about “that robotic
visions will be realized [...] than that the discourses and imaginaries that inspire
them will retrench, rather than challenge and hold open for contest, received
conceptions of humanness” (Suchman 2007, 239). Exemplary of this concern is
the public presentation of ASIMO, one of the most famous humanoid robots,
developed by Honda.”> ASIMO holds regular public showcases at a Honda
presentation center in Tokyo. The showcase is a scripted performance of ASI-
MO’s capacities. The robot enters the neatly polished stage accompanied by
several hostesses. The stage is immaculate, since, apparently, the robot has sen-
sory problems when the environment is too dusty. The choreography involves
the performance of ASIMO’s walking and running capacities as well as its abil-
ity to dance. The robot appears somewhat handicapped, as its movements are
unnaturally precise and somewhat stiff and jerky. At the end of the performance,
children have the opportunity to get their picture taken with the robot, for which
ASIMO makes a "victory” gesture. The point I want to make is that ASIMO
embodies the humanoid imaginary not in the sense of equaling human capacities,
but as a symbol of technological progress and human-/ikeness, which he per-
forms through somewhat funny conduct. In this sense, there is no gap between
the robot and the humanoid imaginary that narrates its significance.

The allegorical mode differs in so far as allegories mark precisely the gap
between the particular and the general — they diffract form and content. In Gid-
dens’ sense, media art is somewhat an institutionalized form of reflexivity, as the
field’s self-understanding entails commenting on contemporary technological
development and feeding statements back into the public discourse about tech-
nology (cf. Giddens 1986). Festivals like Ars Electronica are examples of this
normative societal self-monitoring through media art. Nevertheless, this form of

65  The example is based on my own observations during one of the ASIMO performances in
Tokyo, December 2013.
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reflexivity does not necessarily mean a move from symbol to allegory, which
characterizes aesthetic reflexivity. Allegories point more toward the specific
character of references.

This specific, and reflexive, character of allegorical meaning is shown in
Baecker’s approach to technology. So far, I have addressed Baecker’s references
as a form of associative referencing that alludes to aesthetic similarities, particu-
larly through sequences of images that evoke a shared imagination of how tech-
nologies render hidden processes visible. If one considers his general artistic
interest, Baecker’s art has a pivotal allegorical element, that is, how he imple-
ments technological hardware in order to render visible the technical construc-
tion of scientific knowledge. For instance, his installation Rechnender Raum, for
which Baecker assembled a large wooden frame, a mesh of strings, mechanical
pulleys, and electric motors, renders visible the contingency created through
increasingly complex connections between technically primitive elements. In a
similar vein, Mirage is not a representation of the Earth’s magnetic field; rather,
the complete technical apparatus marks the technical production of scientific
images that capture otherwise hidden processes. The figure of a hallucinating
machine exaggerates this notion as it counteracts machinic behavior with an
unconscious, irrational, and uncontrollable aspect of human life. In this sense,
Mirage is an installation that marks exactly the technical mediation between the
particular (magnetic field) and the general (its image).

Bill Vorn’s robotic art is another example of allegoric references, which
contrasts the symbolic enactment of humanoids in robotics.®® In his continuously
running project Robography, Vorn creates robotic creatures that enter into wild
and anarchic forms of interaction. One installation is DSM-VI, a robot that ex-
presses “symptoms of ‘abnormal’ psychological behaviors.” The installation’s
title refers to a scientific document of modern psychiatry: the Diagnostic and
Statistical Manual of Mental Disorders. Actually, the volume’s fifth edition was
released in 2013. Hence, the artist proposes a subsequent sixth edition that is
concerned with the “the misery of the machines.” This project refigures the no-
tion of the human as an ideal by rendering misery and disease instead of embod-
iment, emotion, and sociability, which are common figures of the human in ro-
botics. In so doing, DSM-VI points its finger right at the gap that ASIMO con-
ceals: that between the particular of material technology and the ideal of techno-
scientific progress.

The meaning of allegories is not intuitive. Whereas ASIMO is fun because
kids can recognize it as a humanlike, friendly machine, Rechnender Raum and
DSM-VT are disruptive and require interpretation. Their aesthetic reflexivity is in

66  Bill Vorn’s website: http://billvorn.concordia.ca/menuall.html (last accessed October 13,
2015).
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how their technologies render visible and simultaneously counteract established
borders between art and science, human and technology, as well as artifact and
imaginary. Technologies are aesthetically reflexive when they render visible the
social and technical construction of institutionalized modes of representations
and foster critical engagement with a technoscientific sense of progress and in-
novation. Novelty, in this regard, is not about indulging in an image of progress,
but a matter of experiencing and relating to the heterogeneity of semiotics, liter-
acies, and materialities that are bent, torn apart, whirled, and (re-)articulated
through technological objects.



6 Articulating Novelty

How do technological objects articulate novelty? This is the main question of
this study, which I pose in the introductory chapter. The question captures con-
cerns about what novelty actually is in the becoming of technological objects and
how diversely novelty becomes part of a shared reality. In this study, I propose
the perspective of articulation for inquiring the modes of how novelty and tech-
nological objects are entwined. Articulations focus on how heterogeneous ele-
ments connect and individuate and, in this sense, they capture the central tension
of novelty between individuating and relating technological objects. This central
tension between becoming distinct and becoming connected to what is already
given characterizes the three articulations of novelty — identity, form, and differ-
ence — that I delineated by comparing the RBO Hand and Mirage. All three ar-
ticulations stress that novelty is not difference as such, but that novelty requires
coherence among elements as to make an object distinctly different.

One central motivation for proposing articulations as heuristic is to give an
account of novelty that builds upon critical heuristic resources from social sci-
ence, but without limiting oneself to the common sociological statement, “novel-
ty is what the actors regard as new.” Instead, articulations are a tool for delineat-
ing certain moments in an object’s becoming, from whence things are different,
and materialities do things they have not done before and make sense due to their
behavior. Articulations make up a lens that focuses on how diverse realms such
as signs, materialities, and bodies are connected so as to create a sense of unity
among them. This allows for the delineation of moments when things click in, as
well as the critical assessment of practices involved.

I begin the following conclusions by giving a condensed summary of the
study’s main findings. In so doing, I first sharp up what I consider the central
tension of novelty, before I move on and re-capitulate the central aspects of iden-
tity, form, and difference as articulations of novelty. Each summary includes an
additional remark on what is added to the analytic results through the notion of
aesthetic reflexivity. The second section includes a discussion of articulations in
contrast to the perspectives of invention, differential pattern, and biographical
passage. Closing this study, I provide an outlook on future issues in the study of
novelty and technology in contemporary societies.
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6.1 Individuating and Relating Objects through Identity, Form, and
Difference

In the course of this study, I delineate three articulations of novelty: identity,
form, and difference. There are plenty of other possible articulations of the RBO
Hand and Mirage thinkable, depending on particular connections in their situated
enactment. Identity, form, and difference are those articulations that significantly
characterize the tension between individuating and relating, which I have signi-
fied as the elementary issue concerning novelty. In the following, I first sharp up
the two poles of this tension and then sum up how the three articulations solve
the tension differently.

6.1.1 Novelty as Individuation and Relation

The abstract answer to the main question of the thesis is: fechnological objects
articulate novelty through individuated qualities while simultaneously relating
these to shared structures of meaning.

Individuation makes an object a distinct entity that is significant through the
coherence of its inner elements. This concerns how a technical object pulls in the
elements of its composition so as to create unity in its becoming. Technical
forms assemble elements so as to create a causal circularity of effects that was
not there before. The clicking-in of components and the transducing energies
create sense, because they behave in a distinct, perpetuated, and repeatable se-
quence of effects. However, individuation is not only a matter of material capaci-
ties; it continues in figures and discursive categories. Re-figurations create new
narratives, which are significant to the coherence of a story’s inner elements.
Similarly, references need to pin down the difference of an object and articulate
stories, materialities, and structures into unifying categories.

Relating renders an object’s difference visible. Novel objects are not given
parts of our shared realities like institutions, whose legitimacy is internalized by
members of society. In contrast, novel objects need to connect to kin objects and
render their difference to become significant. This entails technical relations to
existing infrastructures, semiotic relations to shared imaginaries, and bodily rela-
tions that act out objects that are not yet realized. All these relations need to render
the difference from what came before, whether this appears as a re-assemblage or
as a rupture in the flow of things. This relational aspect stresses that novelty may
change its character in an object's genesis; it is not a stable property of an object,
but a temporal articulation of its individuality and difference.

In this sense, both aspects, individuation and relation, signify identity, form,
and difference as three articulations of novelty.
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6.1.2 Identity

The first articulation of novelty delineates how objects become part of a shared
reality without having yet been fully realized. It captures how an object-character
evolves and how loose elements connect so as to create a sense of unity.

The articulation begins with an empirical observation and its neglect in sci-
ence studies: the recurrence of ideas as an actor’s category. Ideas have vanished
from science studies, as the term is associated with historical and philosophical
paradigms, from which the turn toward practice that came up with ethnomethodo-
logical approaches seeks to differentiate itself. However, speaking of ideas is so
repetitive during conversation about an object’s meaning that it is difficult to work
around them. Instead of stressing what histories ideas hide, I propose asking what
ideas in stories and practices connect — and, in this sense, what they do to an object.

With the notion of novelty, ideas share the inclusion of histories and fu-
tures. Stories about an object’s origins capture the historical element of ideas. By
speaking about ideas, actors mark selected past events as relevant to how pro-
jects involving new objects come up. One significant element that the stories
about the RBO Hand and Mirage share is the deviation that occurred in the mate-
rial practice. Brock reported that the idea for the RBO Hand stemmed from ex-
periments on robotic perception that suggested building a more competent hand.
Baecker reported that finished installations always deviate from his initial ideas,
which drives him to continue his artistic research. In their stories, both actors
marked selected experimental and tinkering practices as relevant to their new
projects, which eventually became the RBO Hand and Mirage. By speaking
about ideas, they enact a temporal order that marks what matters and what does
not matter for identifying a new object. Nevertheless, this is not just a narrative
practice. When visiting places of inquiries, one encounters deviation in material
practice leaving traces in the laboratory and studio. Preliminary prototypes and
abandoned test structures are selected leftovers that sediment the temporal order
of past inquiries.

The future orientation of ideas entails enacting an object’s potentials. Fig-
urative stories, material concretization, and situated bodily enactments do just
that. In figurative accounts, ideas render certain capacities as criteria for what an
object is to embody in the future. A story that renders unconscious human grasp-
ing as an ideal for robotics narratively connects the RBO Hand to the humanoid
imaginary. Mirage’s idea is enacted through a dream story that picks up shared
imaginaries of artificial intelligence. Both stories share the future objects’ rela-
tions to and contesting of their habitual technoscientific imaginaries. Neverthe-
less, enacting potentials is not only a story-telling practice. For instance, Baecker
reported that ideas often begin with a new mechanical connection, and, from
there, stories, tropes, and artifacts come together. Similarly, the Starfish Grabber
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already embodies the silicone’s potential for robotic grasping without being a
complete robotic hand. The situated enactment of preliminary or prototypical
assemblages makes a new object’s potentials part of a shared reality. Deimel and
Baecker used their bodies to act out not-fully-functioning artifacts and perform
what future objects will do. Their selection and bodily enactment of certain as-
pects is a situated accomplishment based on expectations, interactional re-
sources, and present bodies.

I regard the work that ideas do as building an object identity. Analogously
to Mead’s theory of the self, interaction constitutes identity, which implies self-
reflection through the mirroring of actions by the generalized other. In this sense,
ideas organize what the generalized other for an object is. They signify an ob-
ject’s biographical trajectory and refer to a generalized collective of kin objects,
like robotic hands or artificial neural networks. They embed an object in shared
imaginaries of technoscientific belief and mutually give reason to their opposi-
tion. Analogously to rituals that an identity has to pass through, situations such
as an interview make explicit the distinctive character of an object. In situated
enactments, actors anchor an object in biographical trajectories as well as shared
imaginaries, which make their opposition meaningful and potentially beneficial
for the collective. In those situations, ideas speak with a voice of reason that
legitimizes an object’s oppositional character by referencing experiential learn-
ing and promises regarding shared concerns. For Mead, the self is not a bodiless
spirit, but material and bodily presence constitutes the experience and reproduc-
tion of collective kinship as well as opposition. In this sense, ideas build an ob-
ject identity, as they simultaneously individuate and relate an object to a general-
ized collective of kin objects. They are necessary for articulating coherence in
the diversity of materialities, stories, and bodies that make an object.

The generalized character of references differentiates the articulation of an
object identity from the latter articulation of difference. Whereas difference ar-
ticulates selected and precise references, an identity articulates generalized ac-
counts of what the other is. At states where objects are not realized yet, their
novelty is not a concern of creating a stable category that embodies their differ-
ence. Rather, novelty is a concern of creating a sense of unity that connects histo-
ries and futures; this is the general, imprecise, and synthesizing role of ideas.

From the discussion concerning aesthetic reflexivity, one can add to these
remarks that performing an object identity is not only a matter of connecting
diverse elements so as to create a distinct entity, but moreover that the perfor-
mance as such makes available the heterogeneity of connections that composite
an object. In terms of novelty, this does not only concern the essential indexicali-
ty of social conduct; rather, it stresses that indexicality allows for coherence
among heterogeneous elements as, for instance, connecting figures from diverse
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realms with unconventional prototypes, without stabilizing their relations in the
sense of a working artefact or definite symbolic meaning. Aesthetic reflexivity
stresses that coherence among elements is not the stable relation between symbol
and connoted object; rather, coherence implies a margin of indetermination that
opens an object up for interpretation.

6.1.3 Form

The second articulation delineates novelty as distinct efficacy. It captures how a
technical form evolves and how the form articulates the hybrid constellation of its
existence. In contrast to the articulation of an object identity, articulating novelty as
form emphasizes meaning-making through material efficacies instead of language
and the indication of potentials. Forms create behavior whose sense is a matter of
efficacy and not an object’s anchoring in shared imaginaries. In other words, nov-
elty of form is things doing things that they have not done before.

A technical form is a functioning and stabilized set of relations whose ele-
ments become effective through their sequential order. The technicity of an ob-
ject is the central element in this regard. For Simondon, technological progress is
not in increasing the adaptation of technical forms to an environment, but the
concretization of their technical elements. He regarded concretization as a con-
vergence of technical parts according to their internal fit. The technical object is
not the material artifact, but an ideal allocation that is never fully realized and
that pulls together the assembled technical parts. In relation to novelty, this
brings about the question, what articulates a technical form?

When visiting a robotics laboratory and artist’s studio, questions of form are
problematic in two regards: there are pre-defined technical formats, and the func-
tioning of a form depends on multiple agents. In the first regard, technical for-
mats define what features a form needs to embody in order to become a specific
kind of object. These features are part of the form, but, instead of emerging as an
object’s novelty, they are elements with a continuous trajectory of stabilized
technical relations. The RBO Hand is technically required to perform a grasping
movement in order to carry the label “robotic hand.” The new hand can contest
common technical features like sensors or actuation principles, but its technical
elements need to be able to capture an item and keep it enclosed — this is the core
requirement of robotic hands. Mirage’s format is pre-defined less strictly. Still, I
assign Mirage to the format of cybernetic machines, due to its technical capacity
for converting contingent signals from the environment. In this regard, a form’s
novelty needs to articulate these long-term trajectories as a coherent set that
shares and differs from pre-defined formats.
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The second regard, which makes questions of form problematic, is made up
of the hybrid constellations in the laboratory and studio that constitute the objects’
technical existence. The robotics laboratory makes available a wide range of tech-
nical infrastructure. This infrastructure is comprised of standardized robotics sys-
tems into which new components like the RBO Hand have to fit. In his studio,
Baecker does not have such high-end infrastructures, but several mechanical and
digital hardware components that have the potential to enter the form and become
part of a new set of technical relations. In this sense, accounting for hybrid constel-
lations stresses the agencies through and in which new forms evolve. On the one
hand, constellations impose a range of forms, as specific formats are pre-scribed
into them, but, on the other hand, they also enable new forms, as constellations
allow for the distribution of agency among different entities. This urges the under-
standing of questions of form as a matter of characterizing the relation between
new form, hybrid constellation, and pre-defined formats.

Comparing the RBO Hand and Mirage as technical forms is a challenge in its
own right, given their different shapes and functionalities. Nevertheless, technical
features can serve as dimensions for comparing how differently or similarly they
are embodied. Such comparison needs to take into consideration that technical
embodiment is an epistemic decision in the first place. The RBO Hand’s as well as
Mirage’s development contrast objects as models or graphical representations. The
embodiment of both objects is a matter of creating behavior and physical efficacy
instead of only simulating behavior. In this regard, basic decisions like choice of
material and manufacturing process transduce up to kinematic architectures and
technical outputs. Whereas the RBO Hand’s kinematics are simplistic, which
makes the Hand an underactuated system with more degrees of freedom than actu-
ators, Mirage would instead qualify as a highly overactuated system, as its actua-
tion and transmission principles add up to a complex assemblage of components.
Another pivotal difference is the integration of sensors. The RBO Hand’s design is
explicitly sensor-free, as its grasping exploits the compliant capacities of silicone,
in contrast to Mirage, whose basic functionality is the conversion of environmental
signals into contingent algorithmic patterns. Despite such unique design decisions,
both forms’ outputs render their efficacy visible. The RBO Hand’s output is a
distinct grasping style that uses surfaces for resistance for capturing items, and
Mirage’s image becomes accountable as a rendering of the Earth’s changing mag-
netic field through its contingent movement.

The novelty of form is an articulation of a form’s inner elements and the
hybrid constellation of its existence — when parts click in and articulate multiple
capacities. Concerning the RBO Hand, this is when the form combines the di-
rected deformability of the silicone fingers with the passive resistance of the
palm in such a way that both connect as a material unit, which is mounted on the
Meka arm. Said arm drives it into a grasping position from where the fingers can
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perform a grasp that exploits the material’s compliance. From then on, the poten-
tial of the PneuFlex Actuators becomes effective as a distinct type of robotic
grasping. In contrast to the RBO Hand, which builds upon the capacities of its
constellation, Mirage’s form incorporates elements of the constellation in which
it evolves. This makes the form’s output increasingly complex. Within the accu-
mulation of components is a threshold: when the Arduino board converts the
sensor signals; when the output signals trigger the muscle wires; when these pull
down the springs that are double-taped to the acrylic foil; when all of the 3x16
contact points contingently make the foil move; when the laser light touches the
moving foil; when the angle of the laser light is flat enough to create a three-
dimensional focused projection. This is novelty because, when these parts work
together, the form articulates its complex technical connections and the aesthet-
ics of a moving image. In sum, the RBO Hand builds upon technical functionali-
ties, whereas Mirage incorporates functionalities into its form. The former case
fosters technical designs to be specific, to be simple, and to distribute technical
agency, whereas the latter fosters complexity and the contingency of technical
efficacy. In both cases, novelty is articulated through the crossing of thresholds
that makes parts function in a manner that exploits the capacities of their ele-
ments. This process individuates an object, while still being relational, as it hap-
pens within hybrid constellations.

The discussion concerning aesthetic reflexivity stresses that novelty of form
is not only significant through its physical efficacy, but furthermore through
destabilizing technoscientific epistemologies. In both cases, material engagement
constitutes practical, experiential, and embodied forms of sense-making. The
disruptive, creative, and critical capacity of engaging with materiality is a specif-
ic mode that counteracts devout beliefs in theories and, hence, links knowledge
back to immediate and physically bounded practices of reasoning. The material
practices and the unfolding of novel agencies within hybrid constellations op-
pose knowledge based on processing abstract symbols into “empty out” theoreti-
cal grammar. The reasoning of technical forms is inevitably aesthetic, as it en-
gages experience, efficacy, and interpretation.

6.1.4 Difference

The third articulation captures novelty as valorization. It delineates how dis-
courses valorize objects as contributions that go beyond what is already part of
cultural memories. Similarly to articulations of identity and form, the main issue
of articulating difference is how a sense of unity evolves through the connection
of diverse elements. However, instead of articulating generalized accounts and
indicating potentials like identities do, difference articulates practices, events,
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and references in a precise and directed way into focal points that embody an
object’s novelty.

The articulation begins with discursive practices, which set the scene for
processes of valorization. Discursive practices are shared, stable, and material-
ized ways of statement production. Institutionalized events like conferences,
exhibitions, and festivals are public arenas that allow mutual recognition as well
as the capturing of objects under shared categories. Some of such events publish
proceedings or catalogues. Publications not only include written text about ob-
jects, but also distinct and field-specific immutable mobiles, like graphs and
models, as well as figurative visual codes. Graphs and models are signifiers of
science when enacted as conceptual representations. In particular, visual codes
structure discursive practices in robotics and reiterate the humanoid imaginary.

Discursive practices influence the practice in the laboratory and studio and,
in particular, how events translate into stable entities. In this sense, discursive
practices dominate robotics experiments, in as much as Deimel has conducted
experiments with the RBO Hand according to scripted procedures, which trigger
events that translate into data clusters and graphs — legitimate scientific represen-
tations. The experiment significantly enacts the Hand as a scientific object, as it
reproduces a sequential order of reproducible differential patterns. The transla-
tion of events in Baecker’s studio is different as far as it does not require such a
sequential order of events. One drawing enfolds his tinkering and connects his
future installation and the discursive practices of media art. In contrast to the
immutable graphs produced in the robotics experiment, the drawing does not
represent Mirage’s efficacy, but points to a future enactment of the object. All
translations of events share that they produce entities that stabilize a temporal
object state, select relations while concealing others, and allow travel beyond the
context of their production.

By referencing practices by the authors, both objects enter into the terrain
of cultural memories. References actively add new relations to an object, as they
allude to similarities and differences between the object and other objects, con-
cepts, imaginaries, or figures. Deimel’s and Baecker’s referencing practices
involve different media, which range from writings and talks, visual codes in
pictures and videos, to the choice of distinct materialities. Three kinds of refer-
encing practices are significant in this regard. Conceptual referencing dominates
Deimel’s scientific writings. In his writings, Deimel signifies the Hand’s distinct
grasping style by referring to compliance, which other robotic hands already
partly embody but without exploiting its full potential. Conceptual referencing
alludes to essential similarities and differences between an object and archived
objects. Figurative referencing builds upon imaginaries and shared figures of a
discourse. These reiterate, for instance, human grasping as an ideal for robotics,
while, at the same time, alluding to specific characteristics that are considered
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more appropriate, neglected, and better. In contrast, associative referencing does
not entail such normative statements. In Baecker’s writings, talks, and online
activities, he draws connections between different realms and discourses and
alludes to their aesthetic similarities. In terms of Mirage, associative references
allude to scientific technologies and their capacity to render otherwise hidden
processes visible. This, in return, signifies Baecker’s focal trope of Mirage: the
hallucinating machine.

In general, references through the archive do not stress issues different from
those provided as distinct features of their objects by the authors. This concerns
foremost the increasingly stabilized focal points of compliance and the halluci-
nating machine. Nevertheless, there are passage points that objects need to pass
through in order to become recognizable to a discourse as potential contribu-
tions. Regarding the RBO Hand, this was the first published paper, and, for Mi-
rage, the passage point was its first exhibition, which kicked off its recognition
by journalists, media researchers, and art institutions. The paper and exhibition
caused a qualitative shift, because, from then on, both objects have become rec-
ognizable, citable, discussable, and, hence, open to external interpretations and
accounts. External authors have picked up categories like compliance and the
hallucinating machine, which both embody the objects’ differences in contrast to
other objects or concepts in the field, and add their own conceptual or associative
interpretations to these categories. This, in return, signifies both categories as
meaningful in terms of their potentials regarding shared issues in robotic grasp-
ing and media art. In this regard, valorization is not only an institutional mark
through prizes and awards, but also a dynamic practice through which an ob-
ject’s difference is re-enacted according to further research and artistic interests.

Difference, in this sense, articulates discursive practices, translated events,
and references in a precise and directed way into focal points that embody both
objects’ novelties: compliance and the hallucinating machine. All articulated
elements increasingly signify these categories through diverse practices, materi-
alities, and symbols. In this regard, difference is not only the relation to what
came before, but foremost an articulation of elements into unifying categories
that embody an object’s value as novelty.

Concerning aesthetic reflexivity, the articulation of difference shows that
the destabilization of scientific representations through forms, as postulated
above, is limited. Scientific representations as, for instance, graphs and models
still dominate and structure experimental procedures. However, the diagnostic
notion of aesthetic reflexivity entails that different modes of referencing can mix.
Certainly, the performance of references is crucial for signifying them as contri-
butions to a specific discourse, but the aesthetic appeal and the experience of
haptic qualities makes other than established modes of representation possible.
Science and art are different, in the sense that aesthetic reflexivity might be more
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dominant in art than in science, but the RBO Hand and its modes of enacting its
distinct materialities shows that objects of science are also signified through the
affective appeal of experience and efficacy and not only through “emptied-out”
abstraction.

6.2 Articulations: (Differently) Connected Figures, Technicity, and
Enactments

In the following, I discuss articulations as heuristic in contrast to inventions,
differential patterns, and biographical passages as approaches to the study of
novelty and technological objects. Each perspective contains lessons learned
from studying novelty and technological objects, and I re-articulate several of
their concepts for delineating identity, form, and difference. However, each of
them individually is limited. Their main limit is the missing consideration of how
differently an object is articulated in its becoming. Furthermore, the perspectives
are stuck either in structural accounts of technological trajectories or in the situa-
tional production of differential patterns, but do not consider the continuous
mediation between structures and practice.

In the beginning of this study, I outline that articulations are not a social
theory in the classical sense, as the term does not imply per se a pre-assumption
about how people act or what the elementary parts of social order are. Rather,
articulations make up a heuristic device that draws attention to the ways ele-
ments are connected and the sense of unity that evolves at a certain point in their
connection. In this sense, they are an object-heuristic, as they focus on how co-
herence evolves, but without pre-defining all elements of an object’s composi-
tion. It is rather a matter of choosing theories in accordance with one’s subject
matter and using these to sharpen the focus on what is articulated. In this study, I
pre-set three elements in accordance with my interest in the relation between
novelty and technology: figures, technicity, and enactments. Figures draw atten-
tion to the symbolic structures of technoscientific imaginaries, technicity empha-
sizes the convergence of technical elements into units of circular causality, and
enactments stress the situatedness of rendering objects as part of a shared reality.
All those elements are concerned with the tension between individuating and
relating an object, which signifies novelty. I choose these elements so as to ad-
vance the conceptual critique regarding novelty as invention, differential pattern,
and biographical passage.

Before I address the points of critique and the central concerns of articula-
tions more precisely, it is necessary to stress that an abstract heuristic is an ap-
proach in contrast to traditional ethnographies. Classical ethnographies would
refuse to pre-define what is articulated in favor of finding those elements by
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observing the actors alone. Refusing a traditional understanding of ethnography
is, on the one hand, a matter of linking results back to more general discussions
about novelty and technology, which I do in the sections for each respective
articulation; on the other hand, and maybe more fundamentally, it is a matter of
comparison. Comparing two empirically distant cases that do not recognize each
other requires abstract concepts in order to draw connections between them.
Abstractness allows connection, because concepts as figures, technicity, and
enactments are not context-bound in the first place; rather, how they appear or
how they are articulated is a matter of context, location, and time. In this regard,
concepts make connections possible and draw attention to how similarly or dif-
ferently phenomena occur. This implies, for instance, the re-articulation of con-
cepts from inventions, differential patterns, and biographical passages despite my
general critique. Reflecting upon those concepts is a matter of making explicit
the kinds of connections these concepts make possible (Strathern 1991, 51).

I make the criticism that novelty as invention either regards technologies as
creations of an ingenious mind, as in the colloquial understanding of invention,
or may only account for an invention’s trajectory in technical documentation, as
done by evolutionary perspectives (Gilfillan 1952; Hughes 1987). Both under-
standings fall short, as they do not consider the situated diversity of the realms of
an object’s becoming. In contrast, for articulations, this is a key concern. Articu-
lations stress how elements from diverse realms, such as signs, materialities, and
bodies, connect so as to render an object’s difference visible. For instance, an
object identity connects histories, material prototypes, and shared imaginaries,
which makes the object part of a shared reality and, furthermore, makes the ob-
ject distinct in opposition to a generalized account of kin objects, without being
anywhere close to stabilization, diffusion, or full technical realization. In this
regard, articulations focus on the blind spot between inventions as creations of
the mind, because they take structures like figures and technicity into account,
and inventions as stable technologies, because they do not limit an object to the
historical documents of a device.

The perspective of novelty as differential patterns places emphasis on ex-
perimental practice. It is concerned with how interactions of heterogeneous
agents, like investigated probes, technical infrastructure, the bodies of scientists,
etc., interact and eventually create events that are translated into novel objects
(Latour and Woolgar 1986; Pickering 1995; Rammert 1999). However, the per-
spective is limited by its narrow focus on experimental practice and the inscrip-
tion of discourses into technical settings. This obscures the power of language
and the continuity of long-term semiotic structures like technoscientific imagi-
naries. Instead, articulations stress the connection of both: materiality and struc-
tures of meaning. For instance, the articulation of difference shows how long-
term imaginaries, which are shared and stable structures of a community, are
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reiterated and simultaneously contested so as to enact difference as valuable to a
discourse. In this regard, articulations are moments of unity that connect long-
term structures and experimental practice.

The perspective of biographical passages takes exactly those long-term
processes of changing meaning into account. Biographies are concerned with
how the meaning of an object changes depending on its historical context and the
community that engages with it (Kopytoff 1986; Groys 1992; Daston 2000;
Kubler 2008). However, object biographies are limited, as they do not account
for the small-scale processes and practices of selecting what becomes part of a
biography and how objects translate into other entities so as to make them recog-
nizable as novelty. Furthermore, they do not consider the material manipulations
that co-produce different meanings. In contrast, articulations consider the active
performing of accounts. For instance, considering an object identity as an articu-
lation places emphasis on the contingency of producing something coherent. It
acknowledges the deviation of material practice as well as the situated rendering
of an object’s difference. In this sense, articulations entail the contingency of
small-scale material and embodied interactions, instead of only retrospectively
sketching a trajectory of changing meaning.

So what are the central concerns of articulations for studying novelty?

1. Articulations stress that objects exist in differing modes, depending on their
enactment and the nature of the connections. Each articulation — identity, form, and
difference — renders the RBO Hand’s and Mirage’s novelty visible — but each
articulation does so differently and makes different connections. On some occa-
sions, they connect stories, figures, and prototypes so as to signify a not-yet-
realized object, while, at other times, articulations connect different agents of a
technical constellation to create a distinct kind of technical efficacy. In this sense,
an object’s embodiment depends on its situated enactment and on whether the
connections are of a more semiotic or material nature. However, stressing that
connections are different and change over the course of an object’s becoming does
not mean they are ever solely semiotic or material. On the contrary, articulations
emphasize that it is always a triad of signs, materialities, and bodies that constitutes
technological objects. There is never one without the other. What changes is the
different emphasis of elements in how they render an object’s difference visible.

2. Another concern of articulations is that novelty is not difference as such,
but that difference always requires coherence. There needs to be a sense of unity
among the assembled elements that make an object. This unity is not a matter of
fixing an object’s meaning or purpose for all time, as things can always connect
differently. In this sense, there is no natural belongingness of elements (cf. Hall
1986). However, in order for loose things to become accountable as an object, its
elements have to fit together. Fitting together involves material tinkering as well
as storytelling practices. In terms of novelty, this suggests that elements might
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belong together because of their similarities as well as because of their differ-
ences. It is a matter of creating connections between elements, no matter how
complex they are, in order to make objects distinguishable entities.

3a. In terms of technologies, connections between structure and practice
characterize the complexity of articulations. Structures like imaginaries and
figures constitute the symbolic habitat for technologies. Actors need to respond
to shared symbols, such as humanoid visions, artificial intelligence, or human
enhancement, since these narrate the significance of technical objects. The op-
portunity to contest figures and to propose (reflexively) alternate versions of
imaginaries is exactly because of their nature as structure. Humanoids, artificial
intelligence, energy networks, human enhancement, etc. are all structures of
shared meanings that are stable and ubiquitous across societal fields and tech-
nical applications. They are not bound to a certain field, but are reiterated in
public and commercial debates just as in scientific discourses. The stability of
technoscientific imaginaries allows for contesting, re-figuring, or simply con-
necting them to something they have not been connected to before. They make
the soft hand and the hallucinating machine evocative figures that make sense
because they are connected to symbolic structures while also different from
them. In this regard, the significance of articulating difference relies on shared
imaginaries as contrasting and contested symbolic structures.

3b. Articulating structure and practice is not limited to symbols; rather, it
continues in how infrastructural and experimental technologies are related. This
does not mean technologies need to adapt to given infrastructures in the sense of
a new piece of technology having to link with a functional chain of already im-
plemented apparatuses. On the contrary, novel technological objects need to
articulate the functional settings of their existence. That is, either they build
upon given infrastructures, which increases the agency of a technical constella-
tion, or they incorporate functionalities into their form. The former case fosters
technical designs to be specific, simple, and distribute technical agency. For
instance, the RBO Hand articulates the simplicity of silicone and robotics infra-
structure into a distinct grasping style, or another example is in musical instru-
ments that advance a distinct tonality that builds upon the ability of other instru-
ments to take over rhythm sections within ensembles. In this case, the concretiz-
ing of an object’s inherent qualities articulates the technical structure of its exist-
ence when its implementation changes the technical agency of the whole constel-
lation. A different articulation is the incorporation of a constellation’s functional-
ities. The Arduino board in Mirage’s development is an example of such an
articulation, as it changed its status several times and eventually became a per-
manent entity in the transformation from signal to image. Another example is
musical instruments that incorporate parts of an ensemble, like synthesizers. This
might lead either to cheap imitations or to new musical thythms, such as the
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electronic bass drum, which became a trademark for techno music. The incorpo-
ration of functionalities articulates structure and practice when an object’s form
relies on less external resources to work and, furthermore, does not imitate a
previously separated technology, but concretizes elements into a new kind of
functional circularity.

6.3 Outlook

Where do we go from here? The study’s approach and objectives are of an ab-
stract nature, a demand stemming from the objective to learn something about
novelty and technological objects beyond field-specific modes of production.
This abstractness brings along the opportunity that the approach can advance in
various empirical, methodological, and conceptual directions.

Empirically, there are various fields where the relation of technology and
novelty matters, but where production processes follow different modes — for
instance, medicine, where technology deeply affects social relations and recon-
figures diagnostic as well as ethical relations. Articulation could be an entry
point to studying how new technologies connect ethical discourses, technical
capacities as well as patient and practitioner bodies, so as to create a unified
image of promises for salvation. Studying different fields with the approach of
articulation allows the delineation of different kinds of novelty, which might
follow other value and power structures as those in science and art.

Methodologically, the comparative design that connects two presumably dis-
tant cases is a key element of this study. The methodology combines the openness
of ethnographic approaches with the objective to learn something beyond an em-
pirical case. For science and technology studies, such methodologies should be key
concerns as they allow integrating findings from diverse empirical fields. Science
and technology are issues studied in increasingly diverse fields as, for instance,
their role in political governance, urban planning, and pedagogical settings. Inte-
grating empirical findings from diverse fields as to learn something for another and
presumably different case should not necessarily entail giving up delineating the
contextualization and locality of phenomena. On the contrary, comparative meth-
odologies allow for stressing the situatedness of practices while equally applying
concepts that enable connections between cases so as to learn about the similarities
and differences of enactments. In light of the increasing empirical scope of science
and technology studies, the development of comparative methodologies is a key
concern as to integrate the diversity of empirical findings.

Conceptually, I want to point toward two issues regarding articulations and
reflexivity. Articulations have proven to be a fruitful heuristic for this study. How-
ever, the conceptual implications of the term would benefit from deeper clarifica-
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tions of its bifurcating conceptual roots, as well as from marking its relation to
other accounts of structure and action in the classics of social theory. For instance,
how does the term relate to objectification, which captures the externalization of
subjective meaning and its stabilization into categories of a shared reality (Berger
and Luckmann 1967)? Objectification addresses human action and its tendency to
create and act upon reality as an objective reality. The social construction of this
reality furthermore includes structural elements such as institutionalization and
legitimization. In this sense, articulations would benefit from clarification of the
border to such kin social theories of actions and structure.

The second issue regards the study’s concern with aesthetic reflexivity. The
account given here is only a starting point for the discussion. Further inquiry into
the material dimensions of reflexivity needs to begin with collecting and compar-
ing more cases from different societal fields in order to diagnose the extent and
scope of projects that critically engage with technology. This would lead into a
conceptual discussion of what signifies these modes: is it the move from symbol to
allegory as proposed by Lash and Urry, or are there further transitions that mark an
increase or change in reflexivity? This would entail comparative analysis of other
technology projects in science and art, as well as moving into fields with a com-
pletely different logic of production as in, for instance, industrial engineering.

In the sense of an outlook, I want to close this study by quoting (once again)
Gilbert Simondon, whose philosophy is not only about intellectual contempla-
tion, but foremost signified by a deep, critical, and empirical engagement with
the materialities of technological objects (Simondon [1958] 2012a, 9):

“Recognition of the modes of existence of technical objects must be the result of
philosophic consideration; what philosophy has to achieve in this respect is analo-
gous to what the abolition of slavery achieved in affirming the worth of the individ-
ual human being.”
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