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Abstract. The concept of Musical Cyborgs follows Donna Haraway’s
“Cyborg Manifesto” to describe a non-binary approach for human-machine
collaboration with blurred borders between biological and cybernetic
worlds. Interface dimensions of embodiment, instrumentality, authentic-
ity, creativity, learning, and aesthetics therein unfold between intentional
and self-organizing autonomy and are discussed with their specific re-
quirements, conditions and consequences.
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1 Introduction

How can musical collaborations between humans and artificial intelligences be
described ontologically? In what way could an approach be structured that
assumes a non-hierarchical, equal creative process in performing with machines?

The theoretical frameworks of posthumanism (Braidotti, 2016) set the context
for critically examine anthropocentric categories and assumptions towards a
possibility of more-than-human1 collaborations. A common and useful approach
to describe diverse human and non-human actors in musical creation is Bruno
Latour’s (2005) Actor-Network Theory (ANT)2, although partly criticized for
its tendency to disguise hierarchical power relations in a flat ontology (Born &
Barry, 2018, 446) instead of revealing them. Therefore, it is complemented here
with Donna Haraway’s (1991) figure of the cyborg to make differences in the
ontological status of nonhuman actors more explicit3.

Following Haraway, the concept of Musical Cyborgs is proposed and designed
here as a setting of co-creativity with blurred borders between biological and

1 The term “more-than-human worlds” was introduced 1996 in an ecophenomenological
context (Abram, 1996) as to describe a multidisciplinary concept of relationships and
entanglements between humans and non-human actors.

2 Two examples in this direction can be found in Bown (2015) and Brown (2016).
3 Haraway describes the cyborg as a postmodern hybrid of technology and organism,

and by this concept emphasizes the disappearance of alleged boundaries such as
between humans and animals, between biological and cybernetic worlds, and between
the physical and the non-physical. The concept thus goes far beyond the notion
of cyborgs as physical combination of human and machine, which is widespread in
science fiction.
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cybernetic worlds. These Musical Cyborgs can enfold in various configurations
and create a contact space for joint creative action. The conception invites to look
at creative computer systems from a different angle, where humans and machines
do not appear as separate entities—connected only by physical interfaces like
hardware controllers or sound—but entangled in many interface dimensions.
This has implications not only for the philosophical reflection and reception
of human-machine partnerships in music, but also for design considerations in
creative music systems. Bespoke intelligent interfaces, extensive autonomies and
appreciation are needed to allow such artistic dialogues to emerge.

This paper explores the concept decomposed through a two-dimensional
representation of selected interface elements (section 2.2) situated in the nexus
of two converging forms of autonomy (section 2.1). The selected aspects of this
contact space are certainly not to be seen as being comprehensive, but rather,
on the contrary, as pieces of a large puzzle open for extension and discussion.

2 Musical Cyborgs
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Fig. 1. Contact space of Musical Cyborgs between intentional and self-organizing
autonomy interfacing through embodiment, instrumentality, authenticity, creativity,
learning, and aesthetics.
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Figure 1 shows a schematic and simplified illustration of the concept of Musical
Cyborgs with the two axes Autonomies and Interfaces. These are framing the
attempt of a non-dualistically structured “cyborg semilolog[y]” (Haraway, 1991,
163) which dismantles “the difference between natural and artificial, mind and
body, self-developing and externally designed, and many other distinctions that
used to apply to organisms and machines.” (Haraway, 1991, 152).

With two kinds of autonomies acting on the Musical Cyborgs from above
and from below, various overlapping interface dimensions seem to align along a
widening axis between physical and non-physical. However, this is by no means
meant to imply a binary opposition, but merely to suggest the relationship of
the respective interface to materiality and embodiment4—“Cyborgs are ether,
quintessence” (Haraway, 1991, 153).

2.1 Agency and Autonomies

While it is still controversial in the philosophical discourse whether agency can
be attributed to artificial intelligences (Schlosser 2019)5, this question can be
answered affirmatively for Musical Cyborgs. Hanson’s “extended agency theory”
(Hanson, 2009, 92) therefore fits very well with theoretical concepts of decentering
agencies in various fields (cf. section 2.2) through a network of actors in “joint
responsibility” (Hanson, 2009, 97). By the increasing divergence, over time, be-
tween an initially human computer program and the resulting artifacts he ascribes
shared distributed authorship to these interwoven human-machine artifacts—an
idea that Galanter (2020b, 2020a) has also expressed, thus suggesting to also
credit machines for co-creatively generated artifacts as the first step towards
ethical treatment of artificial intelligences.

Boden (2012) describes two kinds of autonomy, which converge in the Musical
Cyborgs from above and below (cf. Figure 1): The first type of autonomy (intention)
is often associated with free will and a high degree of agency, and thus is usually
attributed only to human actors (McCormack, Gifford, & Hutchings, 2019).
However, this limitation is relieved if we look at it from an “intentional stance”
(Dennett, 1989)6, thereby also allowing the attribution of intentionality to the
artificial systems of cyborgs (Bown, Eldridge, & McCormack, 2009; Schlosser,

4 This misinterpretation would be particularly problematic in this case, since it is
precisely the Cartesian coordinate system that is emblematic for the dualism of mind
and matter in Descartes’ metaphysics (Robinson, 2020).

5 Even if artificial intelligences (AIs) have not yet achieved this status ontologically,
Inayatullah has argued for their potential of AIs (or in embodied appearance as
robots) to become alive (Inayatullah, 2001, 95).

6 In this approach to the philosophy of mind, Dennett describes the attribution of
mental states of complex systems from three possible perspectives: (1) the “physical
stance,” which seeks to explain behavior in terms of the laws of nature, (2) the
“design stance,” which uses the design history of a system to describe its purpose,
and (3) the “intentional stance,” which ascribes to a system the rational pursuit of
certain goals (Dennett, 1989, 17). Hence, the ontological status of a rational agent
can be assumed from the observation of a system.
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2019). It therefore stands to reason that the development of genuinely individual
artistic goals seems possible and necessary for autonomous artificial actors.
(McCormack et al., 2020).

From the opposite direction to intentional autonomy, other dimensions of
agency also unfold from the second type of autonomy, which is primarily character-
ized by self-organizing distributed processes. This kind of autonomy is particularly
strong and independent in many computer-based systems, including especially
generative and A-life approaches (e. g. Young & Colton, 2020; Miranda, 2011;
Whitelaw, 2004), as well as in technical architectures such as artificial neural
networks or concepts of metacontrol (de Campo, 2014). Stimulated by “pertur-
bations producing constancy” (PPC, Boden, 2012, 176), they seek homeostasis
and often appear opaque in their concrete manifestation.

In order to facilitate increased agency, especially in artificial creativity,
Jennings (2010) argues specifically not for more independence but deeper entan-
glement in a co-creative network (Brown, 2016), as described in the concept of the
Musical Cyborgs here. Since “autonomy might require more, not less, interaction”
(Jennings, 2010, 500), the following section will examine some particular interfaces
for this purpose in more detail.

2.2 Interfaces

The creative collaboration of the Musical Cyborgs unfolds many, partly overlap-
ping aspects from physical to utterly non-physical dimensions, each of them as a
human-machine interface with its own structure, but intertwined rhizomously.
Consequently, the interface dimensions presented below only provide fragmen-
tary perspectives on their interrelationships, but their different conditions and
implications make them worth examining in isolated form.

Embodiment Probably the most obvious and, at the same time, the most
entrenched in physicality human-machine interface of the Musical Cyborgs is
formed by the organic body and physical hardware. These can physically connect
through biometric technologies such as Electromyogram (EMG, e. g. Donnarumma,
2017; Tanaka & Knapp, 2017), Electroencephalogram (EEG, Miranda, 2014), skin
conductance (e. g. McCormack, Gifford, Hutchings, Llano Rodriguez, et al., 2019)
or different kinds of wearables (e. g. Laetitia Sonami’s “Lady’s glove”: Sonami,
2014). Embodied interactions in a broader sense can take place haptically and
tactilely between spatially separated elements (e. g., a hand and a motorized
fader), or provide a contact space for interaction only in one-sided physical
presence, e. g., through camera-based detection of body movements. Musical
robots like the marimba-playing improvisor Shimon by Hoffman and Weinberg
(2010) or digitally-enabled hybrid pianos (Brown, 2018) impart the machine in
the cyborg with considerable physical agency through an autonomous body and
disguise their collaborative genesis, which then becomes visible again in joint
performance.

Other aspects of cyborg physicality arise from its hardware components: Does
software run on only one computer or in an assemblage of multiple systems?
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How much computing power is available to the actual devices involved? These
questions are part of the “machine condition” (Colton, Pease, Guckelsberger,
McCormack, & Llano, 2020) of the Musical Cyborgs and seem of equal importance
as the human-bodily elements of a musical performance.

Instrumentality Following Robert Rowe’s (1993) seminal categorization of
interactive systems, the underlying paradigm range between “instrument” and
“player” particularly seems to relate to the conception of Musical Cyborgs. While
in the player paradigm a high degree of agency becomes explicit for the machine el-
ements (cf. also the bodily dimension involved), configurations of human-machine
collaboration can also emerge along the whole spectrum towards instrumental
function. Instrumentality is no contradiction to the autonomy of cyborgs if we
acknowledge the ontological status of their elements as independent actors and
dismiss the idea of control in favor of that of an encounter.

For performer Laetitia Sonami, her earlier “desires of an embodied expression
of control and power” (Sonami, 2014) have “become more of an exchange between
the instrument and me, the performer. Not just forcing my intentions onto it, but
letting it inform the composition and performance.” (Fiebrink & Sonami, 2020)

Similarly, (digital) musical instruments—as they gradually achieve instrumen-
tality (Hardjowirogo, 2017)— already gain independence with lesser intentional
autonomy (situated towards the “instrument” end in Rowe’s paradigm dimension)
through an instrumental agency in Musical Cyborgs. Magnusson (2010) highlights
the equally important non-physical epistemology inherent in a musical instrument
as having complementary properties to Birnbaum’s (2005) more intention-driven
approach to an instrumental dimensional space in a hermeneutic relationship to
the instrument.

Authenticity For the Musical Cyborgs, the challenge on interfacing in authen-
ticity lies mainly in balancing between their human and computer characteristics.
Contrary to the widespread doubts about authenticity in computer art be-
cause of its general dependence on generic and repetitive algorithmic processes
(McCormack, Gifford, & Hutchings, 2019), Colton et al. (2020) suggest promising
approaches towards a more individualized consideration of the “machine con-
dition.” To achieve more balance, computers should therefore also be able to
accumulate impressions, life experiences and observations of their environment—
although quite different to those of human actors and concerning e. g. the state
of their hardware, encounters in computer networks, or recordings of sensors
data—and refer to them in creative collaboration.

In his concept of the “creativity tripod,” Colton (2008) promotes the three
qualities of skill, appreciation, and imagination as constitutive for a person or
group—such as the Musical Cyborg—to be perceived as creative. Appreciation
can be seen as an essential prerequisite for the increase of authenticity and can
become explicitly visible in certain cyborg settings, e. g. as an inherent feature in
improvisational settings due to feedback cycles in material selection of human
and machine participants. In the same vein, Sonami underlines the challenge
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to listen actively to the sound suggestions of her artificial performance partner
and to continue the exploratory dialogue between them as they perform together
(Fiebrink & Sonami, 2020).

Creativity While many preliminary discussions have already been made about
the conditions for creative agency in Artificial Intelligence and A-Life7, the descrip-
tion of co-creative joint processes of humans and machines seems to be far more
complex—moving seamlessly between organic and technical substrates in the case
of Musical Cyborgs. However, according to the observations of Csikszentmihalyi
(1996), who exposes creativity as a social and systemic phenomenon, it should
be rather difficult to examine creative artifacts and their development reduced
to one individual creator. Instead and we should consider collaborative genesis
as the standard case.

All three types of creativity8, as introduced by Boden (1991), can each be
associated with particular approaches in computational creativity, but differ in
their relation to co-creative processes. Referring to Colton’s “creativity tripod,”
(2008), the ability for “imagination” is a crucial quality for becoming effectively
creative. But especially the recent parametric approaches for computational
creativity like deep learning require a huge amount of examples as training data
for manifold recombination capabilities and thus leave less room for genuine
imagination through interactive co-creation9. Also for joint creative exploration,
Fiebrink and Sonami (2020) emphasize the importance of wideness in machine
learning, meaning untrained spaces of possibility where the unexpected in the
encounter of human and machine in the cyborg can take place. A path to
innovative transformative creativity in the more-than-human entanglements of
Musical Cyborgs could thus pass through an assemblage of various technical or
biological components and process, not limited by the current state of development
of artificial intelligences.

Learning Interfaces for mutual learning emerge in Musical Cyborgs in various
forms: The common mechanisms of machine learning require a large amount of
usually humanly compiled training data and thus mark a hierarchical division
between teacher and learner. However, Fiebrink (Fiebrink & Caramiaux, 2017;
Holland & Fiebrink, 2019) points out that this layered process is often inadequate

7 The ability of artificial intelligences to act creatively on their own is often doubted, but
has been supported by Boden (1991) with the argument that—since there is no magic
involved in creativity—there is also the theoretical possibility for a complete modeling.
Bown and McCormack (2011) pointed out that, also here, a less anthropocentric
approach is needed to give Artificial Life in the Arts more leeway for creative agency.

8 (1) “Combinatorial creativity” is recombining existing items to create new elements,
(2) “exploratory creativity” is searching through an existing conceptual space, and
(3) “transformational creativity” is transforming an existing conceptual space.

9 In this regard, Pachet, Roy, and Carré (2020) also state their observation that “the
most interesting music generation were not obtained with the most sophisticated
techniques.”
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in a musical context and thus developed tools that allow interactive feedback and
adaptivity of the training data in a “human-in-the-loop” model. This approach
integrates seamlessly with a cyborgian concept for creative collaboration and
emphasizes the need for multifaceted interfaces over algorithmic extensions.

But it is not only connections to the physical world—from computer vision
to machine listening—that create the potential for learning: The amazing rise of
Google’s AlphaGo software shows how the 2016 defeat of former Go champion
Lee Se-dol does not mark the end of an development but rather the beginning
of a new human-machine learning process. Go masters are now also studying
genuine machine strategies and game moves in order to improve their own skills.
In “centaur chess”, cyborg teams are already established and outshine human
players (Center, 2020; Shin, Kim, & Kim, 2021). As an essential element of Colton
et al.’s concept of the “machine condition” (2020), events in the learning process
itself could also be the subject of creative production.

Aesthetics The most challenging aspect in the creative practice of Musical
Cyborgs is certainly to establish appropriate conditions for the emergence of
relational aesthetics among all participating actors. This aesthetic should not be
hierarchically structured by, for example, only considering simulation of human
aesthetics, but rather enable and appreciate genuine contributions of artificial
intelligences in collaborative creative processes—particularly when “the emergent
artificial aesthetics themselves seem alien and unrelated to human notions of
beauty” (Galanter, 2012, 286). To achieve this necessitates the autonomous
development of a human-machine aesthetic value system10 by which creative
artifacts can be judged to satisfy Boden’s (1991) two criteria of creativity, novelty
and value. This non-binary approach reveals that therefore methods like the
Turing test11 seem inappropriate for evaluation and, aiming at the differentiation,
might even exclude machine actors from equal participation in creative processes
(Colton, Cook, Hepworth, & Pease, 2014).

Complementary to the question of an aesthetic value system, it is—as an
element of intentional autonomy—equally important to allow the artificial in-
telligence of the cyborg to make aesthetic selection decisions autonomously. In
this context, Sonami (2014) reflects her shift in relationship to technology in her

10 A promising approach to this was explored by Romero, Machado, and Santos (2009)
in the “Hybrid Society” project. In this virtual community, all participants—human
and artificial—act as creators and critics, placing bets on created artifacts that
appear attractive to other members of the society. A matrix of relationships emerges,
specific affinities between creators, their products, and critics become visible, even
creating subcultures within the hybrid society. The possibility of mutual influence
in this heterogeneous network of interactions in a cultural ecosystem incorporates
encouraging components to develop a relational aesthetic value system and new styles
therefrom.

11 Turing (1950, 433) proposed this “Imitation Game” as a test scenario to distinguish
between a human and a computer conversation partner by a human interrogator
asking questions in a virtual chat scenario.
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performances from a desire to “dominate an unknown” through “control and
power” towards an appreciative collaboration.

3 Outlook

This article was not intended to provide an exhaustive alternative systematics
of approaches to machine creativity, but rather a complementary, non-dualistic
perspective on the relationship between human and machine in creative production
focussing on posthumanistic aspects. It can be a point for departure in the
further specification and elaboration of the various human-machine contact
spaces of Musical Cyborgs. In particular, further research seems worthwhile to
add more pieces to the puzzle of the various interface aspects. In particular, the
comprehensive comparisons of existing systems in Tatar and Pasquier (2019) or
Gifford et al. (2018) provide a substantial basis for evaluating and extending the
concept described here.

Furthermore, if one follows the idea of an inseparable unity of human and
machine in the creative production of the Musical Cyborgs, it reveals that even
without speculation about future universal artificial intelligences, equal coopera-
tion is already possible, if we leave aside the deficit view on our technological
partners. Therefore, Haraway (1991, 150) envisions her cyborg concept as “an
argument for pleasure in the confusion of boundaries and for responsibility in
their construction.”
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