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ABSTRACT

With the changes occurring in the dialectics between the
composer and the interpreter during the second half of the
twentieth century, the traditional concept of the musical
score has undergone an ontological change. As composers
began exploring unconventional notational practices and
offering to the interpreter a higher autonomy, the locus
of the musical information became less defined, at times
merging with that of the instrument. In this paper we ex-
plore the dual nature of notation both as score and as instru-
ment from the point of view of non-visual methods of rep-
resentation. We do this by presenting the Magnetic Score,
a system for the inscription and generation of sound that
relies on permanent magnetic fields. In magnetic scores,
the performative gestures emerge out of the interpreter’s
embodied interaction with the magnetic fields, and the re-
lational design of the inscriptions together with the interde-
pendence of the symbolic and somatosensory layers offer
original insights on the role and situatedness of the musical
score in contemporary practices.

1. INTRODUCTION

In his seminal work Opera Aperta, Eco describes the
changes that characterise the emerging artistic poetics of
the 1950s and 60s [1]. If classical musical works consisted
of organised sets of information reproducing an enclosed
structure as imagined by the author, the practices of com-
posers such as Stockhausen, Berio and Pousseur offered to
the interpreter a higher degree of autonomy in relating with
the musical material.

With this change in the dialectics between the composer
and the interpreter, some composers began approaching
music notation as a description of gestural information for
the performer rather than as pitch organised in time [2],
and the mapping of such relations became a crucial ele-
ment in designing musical interactions [3]. As a conse-
quence, the acquired freedom in defining and representing
the inscribed musical parameters has led to the emergence
of a plethora of compositional approaches [4]. Among
such, an increasing number redefine the composer’s and
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performer’s traditional roles and attributed agencies [5],
explore the relational aspects of the inscription [6], or ex-
plicitly suggest a dynamic and open idea of the score’s sit-
uatedness in relation to the instrument [7].

The overlapping of the musical expression with the score
is rooted in the very nature of musical instruments, as
they inherently embed theoretical models that define the
interaction and the musical practices that have developed
around them [8]. In the domain of electronic music this
becomes particularly evident, with the compositional pro-
cesses and their technological substrate overlapping with
unprecedented fluidity. As a consequence, the notational
space, within the indeterminacy of the current artistic po-
etics, escapes the physical constraints of the score and
coincides with that of the dispositif : an extension of the
instrument-score, incorporating all the structural, tangible
and virtual components that support the inscription [9].

In this paper we explore the dual nature of music no-
tation both as score and as instrument. We also explore
approaches that do not solely rely on visual representa-
tion, investigating how the embodiment that characterises
contemporary compositional practices favours a holistic
and sensuous experience of the inscription. We do this
by introducing the magnetic score, a system for embod-
ied notation in which the inscription is encoded via perma-
nent magnets, and can be subjectively experienced through
somatosensory feedback. As we will observe, magnetic
scores combine the tangible features of instrument-scores
with the relational and situational qualities of event scores,
since, rather than being unilaterally inscribed, the infor-
mation emerges through the interaction of the components
that define the dispositif.

2. BACKGROUND

The use of graphic signs and symbols has been the promi-
nent approach in inscribing music both in the tradition and
within the avant-garde movements in the second half of
the twentieth century. Works such as Cornelius Cardew’s
Treatise [10] and Earle Brown’s December [11] adopt
graphic notation to convey musical ideas, oftentimes en-
dowing the performer with a high degree of interpretative
freedom. In this sense, graphic notation has been a way for
composers to develop personal systems of representation
and elude the expressive constraints of traditional compo-
sitional praxis. Nonetheless, with the change in the artistic
poetics that characterises the second half of the twentieth

36

mailto:author1@adomain.org
mailto:author2@adomain.org
mailto:author3@adomain.org
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/


century, approaches that do not necessarily rely on visual
notation have emerged, such as the implementation of tan-
gible interfaces and the adoption of haptics [12].

In this section, we explore the relationship between in-
struments, scores and performers via the notion of non-
visual inscriptions. In order to establish a theoretical
framework, we look into inherent scores, tangible scores
and event scores. We also describe the recent adoption of
magnets in music performances and instrument-scores, as
it provides a technical context for this work.

2.1 Instruments-Scores and Non-visual Inscriptions

Tomás and Kaltenbrunner propose the concept of inherent
scores to describe the progressive embedding of inscrip-
tions within the instrument [3], and trace its origin back to
Alvin Lucier, who, in describing the practices of the Sonic
Art Union, stated that the scores were inherent to the cir-
cuits developed by the members of the collective [13]. This
approach is not isolated to a single, although particularly
influential, group of artists, as it overarches the practices
of a large group of composers, such as Pauline Oliveros
[14], Gordon Mumma [15] and David Tudor [7], as well as
sound artists such as Peter Vogel [16] or Gerhard Trimpin
[17].

Among inherent scores, tangible scores are a particular
subgroup that relies on the tactile interaction with the in-
strument for the generation of sound as well as for the in-
terpretation of the sign [18]. Tangible scores certainly hold
a visual dimension in that they suggest specific gestures
through the graphic inscriptions embedded in the instru-
ment, but they complement it with a strong orientation to-
ward tactility. Signs are engraved rather than printed on
top of the surface: this adds a tangible layer that informs
the performance as well as the generation of sound.

Similarly to that of tangible scores, the concept of com-
posed instruments provides a non-visual take on the nav-
igation of the inscription. At the basis of this type of
instrument-score is often the decoupling of the sound-
producing component with the gestural one [19]. As a con-
sequence, the score is incorporated in multiple, modular
mappings, whose features define the interaction between a
controller and an arbitrary synthesis engine. In composed
instruments, the score is encoded inside the dispositif in
the form of a defined set of mappings and constraints, and
is navigated through embodiment within the performative
act.

Non-visual inscriptions are also particularly effective in
contexts in which the interpreters are free to explore the
performative space and can not rely on physical supports,
or in the cases of “comprovisational” practices in which
the instruction is situational [20]. In such cases, cues pro-
vided by haptic devices embedded within garments have
granted the needed flexibility and at the same time pre-
served the situational character of the compositions [21].
Haptics is indeed a promising domain, as it allows to dy-
namically inform the performance without interfering with
the interpreter’s interaction with the instrument and with
the space. Furthermore, it offers compositional and perfor-
mative control over multiple parameters at the same time,

such as frequency, intensity and duration, as well as spec-
tral content and spatial position [22].

Finally, other systems explore non-visual notation with
the specific aim of easing the learning of a piece by the
visually-impaired [23, 24]. Even though they are rele-
vant as non-visual scoring methodologies, for the most
part these approaches are substantially different from the
one proposed in this paper, in that they focus on the re-
encoding of traditional notation rather than in the explo-
ration of alternative ways to inform the performance.

2.2 Event Scores and Non-visual Inscriptions

Instead of encoding the information in the instrument,
other methods of non-visual inscription explore the nota-
tional possibilities offered by the performers’ embodied
knowledge and reciprocal interactions.

Event scores are brief sets of verbal instructions defining
rules to follow, actions to take and concepts to be aware
of in the act of performing [25]. Among such, Pauline
Oliveros’ text scores [14] focus on the listening experience
that emerges in the performance. Even though text scores
hold a visual component that is functional to their trans-
mission, in Oliveros’ works a different informational layer
emerges and unfolds within the relation of the interpreters
with each other and with the environment. The practice
of deep listening becomes the space where information is
produced, and sound the domain in which the process op-
erates. Through this, the score acquires a relational dimen-
sion, as the musical intake of an agent informs the action
of another.

The aural quality that characterises event scores is also a
feature of audio scores, in which information is presented
during the performance through recorded or live-generated
sound. Different types of audio scores have been proposed,
some providing precise and repeatable sets of instructions
[26], others inviting the performers to interact with a set
of live generated sounds [27]. In Pricked and Away [28],
Elisabeth Schimana interestingly explores memory itself
as a medium for the inscription and for the re-elaboration
of musical ideas: the sound excerpts are presented to the
performers long before the performance, and the musicians
are required to remember and play them during the concert
following a specific timeline.

The practices and conventions that characterise musical
performances always implicitly involve notions of embod-
iment and interaction. Nonetheless, in the aforementioned
works the score incorporated in the performers’ embodied
knowledge and interacting subjectivities is amplified, for-
malised and defined within the system’s setup. The rela-
tional nature of these compositional approaches, detectable
in the situational stance of the performative instructions as
well as in the emergent character of the work, underpins a
direct involvement of the performers in the compositional
process. In describing the intersubjectivity characterising
relational aesthetics in the modern work of art, Bourriaud
states that “the sense of the work issues from the move-
ment that links up the signs transmitted by the artists, as
well as from the collaboration between people in the exhi-
bition space” [29].
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As we will see, the system we propose embraces the
embodied, relational nature that characterises some event
scores and combines it with the tangible materiality of the
instrument-score. This is achieved through a set of per-
manent magnets embedded and creatively displaced on the
different components of the dispositif, and whose magnetic
fields interact in order to generate the inscription as so-
matosensory manifestation and sound.

2.3 Permanent Magnets

Permanent magnets constitute a key component of most
audio electronics and in the building of all kinds of ac-
tuators, and are extensively incorporated in the design of
modern musical instruments and amplification technolo-
gies. As musicians, we operate with magnets on a daily
basis, from pickups to speaker cones. However, the appli-
cation of magnets as structural elements in a score’s inter-
action design, as gestural control or for the generation of
sound, has not been extensively explored as of yet.

Neodymium magnets have been introduced in musical
scores quite recently. Michelle Agnes Magalhaes’ Mo-
bile 1 first explores their use on the piano strings in or-
der to obtain bouncing and glissando effects. Because of
the unique sounds they produce, magnets have since then
been incorporated in the works of other composers such as
Elena Rykova in Bat Jamming and Cositas Diminutas, 2

and Gustavo Dı́az-Jerez in Metaludios. 3

A notable example of the use of magnets as key com-
ponents in the interaction design of an instrument-score is
the Chowndolo 4 by Giacomo Lepri: a pendulum whose
movement is dynamically controlled through a set of per-
manent magnets on its base. A different approach is in-
stead explored by David Griffith in the Pattern Matrix, 5 a
tangible AR live coding environment controlled through
the orientation of permanent magnets on a tangible 5x5
matrix.

In the Marble Machine 6 the merging of the score with
the instrument becomes particularly apparent. In this sys-
tem, the instrument’s sounds are generated through the
interactions of ferromagnetic marbles with different sur-
faces, membranes or strings, and their timing is controlled
by a tangible step sequencer made of small magnetic cylin-
ders attracting and repositioning the marbles.

Finally, in NIME’s proceedings from 2001 to present we
identified three papers describing the application of small
magnetic tags for position sensing [30, 31, 24]. The advan-
tages of this approach are the precise representation of the
tag’s position and the granular control that can be achieved
within a circumscribed space. In such cases the sound is
defined by the dynamic repositioning of the passive ele-
ments in relation to a sensor. As we will describe in the
next section, in magnetic scores the paradigm is flipped,
and the performer interacts with the passive elements by
moving the sensors in space.

1 https://www.youtube.com/watch?v=xLLctkt14qs
2 https://www.elenarykova.rocks/
3 https://www.metaludios.com/
4 http://www.giacomolepri.com/chowndolo
5 https://penelope.hypotheses.org/category/pattern-matrix
6 https://en.wikipedia.org/wiki/Wintergatan

3. THE MAGNETIC SCORE

Magnetic scores (Fig.1) enable the composition of haptic
scores within the functionality of the instrument itself, as
a specific instance of inherent scores. They comprises a
board and a pair of controllers, both embedded with mag-
nets. As the performer navigates the board with the con-
trollers, the magnets attract and repel each other, thus sug-
gesting the performative gesture.

Figure 1. The Magnetic Score.

3.1 Magnetic Board

Magnetic scores encode performative instructions through
magnets mounted underneath two-dimensional or tri-
dimensional surfaces of variable dimensions and shape,
named magnetic boards. The performer holds two con-
trollers containing a series of sensors and a permanent
magnet each, as described in 3.2. The interaction between
the magnets within the board and the ones mounted on the
controllers provides somatosensory feedback in the form
of points of attraction and repulsion whose strength de-
pends on the dimension of the magnets and their reciprocal
distance. With the controllers, the performer dynamically
explores the magnetic board as organised by the composer
in the strength, spatial distribution and orientation of the
magnetic fields.

The primary function of the magnets is to generate the
score’s information through their interaction, but in or-
der to further investigate the boundaries between scores
and instruments, in the particular instance of the Magnetic
Score described in this paper, we turned a number of mag-
nets into sound sources. This feature was easily achieved
by selecting magnets and ferromagnetic material of dif-
ferent shapes, and placing them inside wooden tracks and
3D printed boxes mounted underneath the magnetic board.
Upon interaction with the controllers, the magnets move
against the board, producing sounds that are captured by
two piezoelectric sensors. The sound is then routed to a
laptop for processing in combination with the data gener-
ated by the magnetic discs.

For this first iteration of the Magnetic Score we designed
a 50 x 15cm bi-dimensional wooden board (Fig 2). No
visual information is inscribed, and the performer relies
on somatosensory feedback and sound in exploring the
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surface. For the sound generation we included two flat,
rounded neodymium magnets for punctual, sharp sounds,
a series of ferromagnetic spheres of different dimensions
for drones of variable pitch, and two sets of small screws
for high-pitch, dense clusters of sound.

Figure 2. Magnetic Board’s underside. 1-2 Ferromag-
netic Marbles; 3-4 Ferromagnetic Screws and Marbles; 5-6
Magnets with Alternating Polarities.

3.2 Magnetic Discs

The magnetic discs (Fig. 3) are two 3D-printed, PLA
cylindrical boxes. With a diameter of 10 cm and thick-
ness of 2 cm, they mount a three-dimensional gyroscope
and accelerometer, a three-dimensional magnetic sensor,
one ESP32 microcontroller and a 1000 mAh battery. At
the centre of the discs, a cavity hosts cylindrical magnets
with a diameter of 3 cm. The magnets are loose within the
discs, and are held in place by the performer’s hand while
holding the controller. When the magnet on a disc is ap-
proached to an external magnet with identical polarity, it
moves and pushes on the performer’s palm thus providing
a proportional haptic response. At the same time, the resis-
tance of the palm transfers the force of the magnet to the
whole arm, thus influencing the performer’s proprioceptive
perception.

Figure 3. The Magnetic Discs.

Each disc wirelessly forwards to a laptop two data points:
one relative to the xyz orientation of the device and one to
the xyz strength of the magnetic field it is exposed to. Since

the position of the disc and the orientation of the magnetic
field are interrelated, the shape and orientation of the mag-
netic board allow to sensibly change the sound process-
ing parameters. Interacting with a vertical score becomes
therefore a very different experience than that of exploring
a horizontal one, and curved surfaces allow to smoothly
modulate in-between musical parameters.

As a consequence, further implementation of magnetic
scores will extend the interaction design to larger and more
articulated three dimensional artefacts, or even wider ar-
chitectonic structures. This may be facilitated by the long-
range wireless communication capabilities of the discs:
through the ESP-NOW protocol, a dedicated wireless net-
work is instantiated between the ESP32 microcontrollers
mounted on the discs and a third ESP32 connected to the
laptop’s serial input and acting as a server. In an open
space, the client devices can reach the server within a dis-
tance of 320 metres. 7 In addition, the flexibility of this
protocol allows to add any number of client devices and
even to instantiate parallel communication between them.
This feature further expands the possible applications of
the magnetic scores to large group performances and to
different interaction modes.

Because the sensors transmit position-related data and
no switches are embedded in the discs, the activation of
specific behaviours at will is not easily achieved by the
performer. We consider this as a feature of the system,
which partially limits the performer’s control and favours
the emerging of the composer’s intention. Nonetheless, in
order to offer to the performer some agency over the indi-
vidual dimensions, we leveraged the design features of the
embedded magnetic sensor 8 , whose axes individually sat-
urate when the magnetic field is too close. The magnet’s
cavity is placed on the disc’s lid two millimetres above the
back of the sensor. Because of this, when the magnet is
entirely inside the disc (i.e. no magnetic field of identi-
cal polarity is encountered or resisted) the z axis saturates,
returning the maximum value regardless of the presence of
an external magnetic field. When the performer encounters
a magnet on the board with identical polarity and releases
the palm’s pressure on the disc, the disc’s magnet moves
away from the sensor, and the z axis starts reporting cor-
rect values. Through this, it becomes possible to momen-
tarily activate the reading of at least two parameters (one
for each of the discs) at will.

In this iteration of the Magnetic Score, the sound is pro-
vided by the magnets mounted on the board through piezo-
electric sensors, and the data resulting from the interaction
between the magnets, the performer and the space, is pro-
vided by the discs. The visualisation of the data and the
sound processing are performed on a laptop. A Max/MSP
patch (Fig. 5) returns visual feedback on the orientation
of the two controllers, on the presence and position of a
nearby magnetic field and on the magnetic sensor’s z axis
activation and measurements. Even though in performative
scenarios we imagine the interaction with magnetic scores
mainly as a somatosensory experience, the availability of a

7 https://www.espressif.com/en/news/ESP-NOW
8 https://www.adafruit.com/product/4022

39



Figure 4. Magnetic Disc’s Design.

real-time, three dimensional representation of the data has
proven useful in calibrating the sensors and in describing
the system to an audience, and might facilitate in the future
the training of a performer or the application of machine
learning algorithms for gesture recognition.

Figure 5. Magnetic Discs’ Visualisation.

3.3 Sound Processing

In the occasion of the demo sessions described in section 5,
we built a Max/MSP patch with a series of resonant filters,
delay effects, and FM (with audio input as carrier) applied
to the board’s sounds conveyed through the two piezoelec-
tric sensors in stereo configuration. The data forwarded to
the laptop from the disc on the left and right hands is used
to process respectively the left and right channels. The x
and y values from the accelerometers define the centre fre-
quency of the resonant filters and the x and y values from
the magnetic sensors the amount of delay that is applied.
Finally, the z value of the magnetic sensor, whose readings
can be activated by approaching a field of identical polarity
and releasing the pressure of the palm, activates and con-
trols the amount of the frequency modulation. Future ver-
sions of the Magnetic Score will instead make use of Neu-
ral Synthesis [32]. By incorporating all of the sounds of
the magnetic board within an AI synthesis model, thus sep-
arating the sound generation from the inscription layer, the
encoding possibilities offered by the board’s design will be
highly extended, and new performative and compositional

possibilities will become accessible.

4. PRESENTING THE MAGNETIC SCORE

We presented the Magnetic Score on two different oc-
casions: a lecture with master’s students in music com-
position and a discussion with a group of artists and re-
searchers. During both events a demonstrative piece was
performed.

In the first presentation, a prototype of the system was in-
troduced to the participants and played by three of them,
and a discussion followed. The initial comments centred
around the possibility of designing different sound interac-
tions: if the current version makes use of screws, spheres
and magnets as sound sources, other designs might include
boxes containing loose magnets and strings, or membranes
and springs. The participants also suggested using multi-
ple boards at once, each with a particular character defined
by shape and interaction design, and to consider the pos-
sibility of extending the score to the whole room by em-
bedding magnets inside double walls. The main limitation
that emerged was the absence of a visual representation of
the discs’ position in space and in relation to nearby mag-
netic fields that could facilitate the initial understanding of
the system. In response to this problem, we developed the
Max/MSP patch described in 3.1, and presented it together
with a more refined version of the Magnetic Score at the
successive open event.

In the second session, the visual feedback was overall ap-
preciated and helped clarify the relation between the discs
and the surface. One participant noted that the magnetic
discs could be separated from the rest of the system and in-
dependently explored as a musical instrument in their own
right. The design of the discs is indeed articulated enough
to generate complex interactions, and even though they do
not unilaterally generate sound, the discs may be used to
control a synthesis engine. Furthermore, mastering the
control of the removable magnets inside each of them re-
quires a good amount of practice, which makes them akin
to traditional musical instruments.

During the discussion, a participant noted that when the
element that generates the notation is the one that produces
the sound, differentiating between the instrument and the
score becomes a complex task. Even though the two con-
cepts overlap in contemporary practices, a differentiation
could still be observed in the amount of prescriptions that
a system provides and in how they change in time. An
instrument-score might be more akin to a score if it pre-
scribes specific actions whose effects evolve in time, and
more similar to a musical instrument if it provides a set of
constraints for the performer to explore.

This final consideration is particularly useful in order
to frame a reflection on the specificities of the Magnetic
Score. In what ways this system may be seen as a score
rather than a musical instrument? What is the experience
of relating with magnetic fields as carriers of performa-
tive information? In the next chapter we explore magnetic
scores as compositional system, focus on the somatosen-
sory experience of the interaction, and frame them as a
particular type of inherent score in which the inscription
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is relationally generated by the interaction of the magnetic
fields.

Figure 6. The Magnetic Score System.

5. DISCUSSION

As noted during the second public encounter, the overlap-
ping of the instrument and the score is an apparent fea-
ture of this system. Because of the physical decoupling
between the board and the two magnetic discs, it may be
possible to interpret the Magnetic Score as an instrument
(the board) being played with a device that excites it (the
disc), similarly to a violin and a bow, a guitar and a pick,
or a drum set and a drumstick interact. This is a useful
metaphor in describing the generation of the sound in this
particular instance of the system, but it does not take into
account the variability of the mapping between the discs
and the board and above all the articulated information that
is possible to encode through the deliberate displacement
of the magnets.

As explained above, the Magnetic Score is a composi-
tional environment in which each board and mapping of
the disc’s parameters functions as an autonomous compo-
sition. By organising the invisible, attractive and repul-
sive forces embedded within, the composer guides the per-
former along the board. Similarly, by defining the map-
pings between the discs and the processing of the sound,
it becomes possible to design the acoustic environment in
which the interaction unfolds.

5.1 Magnetic Inscriptions

Composing a magnetic score appears as a very different ex-
perience than that of writing music on paper or other visual
supports, as it requires to consider the performer’s interac-
tive, sensuous experience with the inscription. It also dif-
fers from engraving a tangible score in that, rather than fo-
cusing on fine tactility, it entails a more holistic interaction:
the performer experiences the score as a force that dynam-
ically pushes and pulls the arms, that unbalances the body,
and through this produces specific gestures rather than sug-
gesting them. By rehearsing the score, a performer learns
to oppose the strength of the magnets, to follow them on

the board, and internalises an abstract representation of the
magnets’ position and strength.

Through the size and positioning of the magnets, the
composer can suggest specific gestures to the interpreter.
In performing with the Magnetic Score, we realised that
patterns of magnets with alternating polarities (such as in
Fig. 2.3) suggest rapid movements over the board, as it be-
comes complex for the performer to operate with the discs.
On the contrary, large magnets (see Fig. 2.7) are better
suited for slow, vertical motions, as the magnetic fields in-
teract with each other in a more predictable way. Loose
magnets underneath the board are instead easier to control,
and the performer’s gestures tend to focus on the sound
rather than on navigating the magnetic field.

We also realised that the granularity in the perception of
the magnetic inscriptions is considerably lower than the
one achievable through vision or direct tactility. As a con-
sequence, in order to facilitate the recognition of magnetic
patterns and avoid undesired interactions between the mag-
nets, it is advised to use large surfaces as boards. By dis-
tancing the magnetic fields, the composer’s intention can
be interpreted more clearly, and it becomes possible to
combine the magnets in order to inscribe simple shapes or
symbols.

5.2 The Magnetic Score as Inherent Score

Because inherent scores combine inscriptions suggesting
performative gestures with a device that generates the
sound, we consider magnetic scores as an instance of this
category. Nonetheless, the described system displays no-
table differences with other typologies of inherent scores,
such as tangible scores and composed instruments, as
well as similarities with situational practices such as event
scores.

Typical tangible scores embed visual information on the
surface of the instrument, and despite the overlapping of
the score with the instrument in the act of performing, it
is still possible to observe the sign from a distance, with-
out interacting with it. Because no visual representation of
the magnets is provided, and more broadly no information
(except for the board’s dimensions) is visually accessible
to the performer, in the current version of the Magnetic
Score the notation and the instrument further combine into
an inextricable unity: in order to be read, the score has to
be experienced as a holistic and sensuous encounter within
the performative act.

Alternatively, the system may be observed from the per-
spective of composed instruments (as defined in 3.1). In
magnetic scores, because of the interdependence between
the controllers and the surface in generating the inscrip-
tion, the mapping is not completely arbitrary as it would
be expected on a composed instrument. Furthermore, even
though we do not intend to generalise this feature to all
magnetic scores, in this specific instance the gestural com-
ponent is not decoupled from the sound generation, as the
discs directly excite the loose magnets in order to gener-
ate the sounds. Nonetheless, through the processing tech-
niques applied to the sound, the composer is capable of
architecting time, which is a critical aspect of most music
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notation.

5.3 Relational Inscriptions

Magnetic scores also mutuate some of their features from
event scores. As we have seen in 3.2, in numerous event
scores the inscription is dynamically generated through the
performers’ interactions inside (and sometimes with) the
performative space. The idea of the artwork as situation-
ally emerging within the social context in which it is ex-
perienced, and out of the complexity of the relations be-
tween the people involved in its production and fruition,
is at the centre of Bourriaud’s relational aesthetics. From
this stance, the aesthetic experience becomes a participa-
tive process that discursively generates the artwork.

This relational take is a key feature of the magnetic
score’s design. Rather than functioning one as an encod-
ing and the other as a decoding component, both the board
and the controllers have magnets embedded within. As a
consequence, the readings of the magnetic fields that carry
the inscription are the emergent result of their reciprocal
interactions. Because of this, the score could not be con-
sidered as inscribed on the board alone, nor is it the unilat-
eral result of the performer’s action: it rather dynamically
emerges as a series of events, or encounters, between the
composer’s ideas as inscribed through the displacement of
the magnets, and the performer’s exploration of the board
with the magnetic discs.

Through this, the magnetic score invites the performer to
become an active participant in the compositional process,
and it does so at the inscription level, by translating the
composer’s and performer’s intentions into a common so-
matosensory and sonic manifestation. This is a critical as-
pect to take into account during the compositional process:
in designing the magnetic board, it becomes necessary to
consider how the magnets’ positioning suggests particular
gestures to the performer, and how such gestures are af-
fected by the shape, material and orientation of the board.

In this first iteration, we developed a rectangular board
whose width is much greater than the height. This sug-
gests a longitudinal exploration of the inscription and al-
lows to operate symmetrically with each disc on one end.
The mappings of the discs and the sound processing reflect
this symmetry, as they control identical parameters, one
on the left, and the other one on the right channel. Other
pieces might instead explore asymmetrical mappings, in
which one disc influences the parameters of the other. In
such cases, the magnet’s position and the board’s shape
might change accordingly, suggesting a whole different set
of interactions.

6. FUTURE WORK

As observed by the participants in the evaluation sessions,
the Magnetic Score may be further articulated in a variety
of ways. In future pieces, it is our intention to increase
the physical dimensions of the magnetic surface in order
to embed more magnets and extend their distancing. By
leveraging the portability and long communication range
of the magnetic discs, we envisage to experiment with ex-

tended three dimensional surfaces as well as with architec-
tural spaces such as entire rooms and buildings. In such
situations, we wish to dig into the diffused character ac-
quired by the musical score, and into the different subjec-
tivities emerging out of the performers’ embodied interac-
tion with differently informed spaces.

We also envisage experimenting with additional inscrip-
tion layers. Through transparent surface revealing the po-
sition of the magnets, or through symbols written on the
magnetic board, the composer may be able to suggest more
articulated interactions and to build upon the incidental
relations emerging between the haptic and the visual do-
mains. Additional inscriptions may be also generated by
introducing materials that interact with the magnetic fields,
such as ferromagnetic powder or ferrofluids. Through this,
a dynamic representation layer would be introduced, thus
combining the prescriptive nature of the magnetic score
with a descriptive one and changing the grounding of the
audience and of the performers in relation to the score.

Finally, we anticipate to further develop this system by
coupling the permanent magnets embedded on the sur-
face with a series of electromagnets whose polarities and
strength are digitally controlled. This would allow to dy-
namically change the notation, and to introduce new agents
in the form of generative algorithms. The information gen-
erated by the discs through the interaction with the electro-
magnets would in turn influence the system, thus instanti-
ating a communication loop between the human performer
and the computer. By introducing elements capable of ex-
erting agency such as AI tools [33, 34] or artificial life sim-
ulations [35] as in Fig.7, and by exploring their embodied
navigation, the roles of the performer and of the composer,
the concepts of authorship and creativity and ultimately the
cultural function of the musical score may be subject to
further change.

Figure 7. Ferroneural, Jack Armitage and Nicola Privato.

7. CONCLUSIONS

In this paper we have presented the Magnetic Score, a sys-
tem consisting of a surface with magnets mounted under-
neath, and two magnetic discs held by the performer. At
the core of the Magnetic Score’s compositional approach
is the interaction between the magnetic fields of the discs
with those of the magnets mounted on the board. Through
this interaction, the score’s inscriptions are generated as
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somatosensory feedback and interpreted as data for the
processing of the sound.

We explored magnetic scores with the aim of reflecting
upon the merger between score and instrument in contem-
porary musical practices from the perspective of systems
that do not solely rely on graphic signs. We argued that
magnetic scores are a subcategory of inherent scores that
further merges information, sound generation and repre-
sentation into an inextricable whole: in order to be read,
the score has to be experienced.

We also argued that in magnetic scores the nature of the
inscription is relational, in that it emerges from the interac-
tion between the controllers held by the performer with the
surface as designed by the composer, rather than being uni-
laterally inscribed. Because of this, the creative intention
of the composer inextricably merges and overlaps with that
of the performer, supporting the indeterminacy and open-
ness of the modern artistic poetics as postulated by Eco,
as well as the transitivity of the aesthetic experience as de-
scribed by Bourriaud.

We believe that the magnetic score adds to the al-
ready pluralistic and heterogeneous nature of contempo-
rary scores and notational practices, in that it explores them
from the perspective of the embodied experience, by sug-
gesting performative gestures through the reciprocal attrac-
tion and repulsion of the magnetic fields. In this paper
we have presented a generalised overview of this system,
and defined it as the combination of a bi-dimensional or
tri-dimensional surface with embedded magnets, and two
magnetic discs that decode the information. Nonetheless,
specific instances can be as deterministic and prescribed as
the composer desires.

By performing and presenting this system to an audience
new research questions have arised: what new performa-
tive practices does the embodied, somatosensory manifes-
tation of the score suggest? What types of information is
it possible to convey through magnetic inscriptions? What
other forms could magnetic scores take? Our intention is
to release the hardware and software specifications of the
system such that other people can build their own and con-
tribute to the exploration of these questions.
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Réel, 2002.

[30] J. A. Paradiso, K.-y. Hsiao, and A. Benbasat,
“Tangible music interfaces using passive magnetic
tags,” in Proceedings of the International Conference
on New Interfaces for Musical Expression, Seattle,
WA, 2001, pp. 30–33. [Online]. Available: http:
//www.nime.org/proceedings/2001/nime2001 030.pdf

[31] M. C. Mannone, E. Kitamura, J. Huang, R. Sugawara,
and Y. Kitamura, “Cubeharmonic: A new interface
from a magnetic 3d motion tracking system to music
performance,” in Proceedings of the International
Conference on New Interfaces for Musical Expression,
T. M. Luke Dahl, Douglas Bowman, Ed. Blacksburg,
Virginia, USA: Virginia Tech, Jun. 2018, pp.
350–351. [Online]. Available: http://www.nime.org/
proceedings/2018/nime2018 paper0076.pdf

[32] A. Caillon and P. Esling, “Rave: A variational
autoencoder for fast and high-quality neural audio
synthesis,” 2021. [Online]. Available: https://arxiv.org/
abs/2111.05011

[33] N. Privato, O. Rampado, and A. Novello, “A cre-
ative tool for the musician combining lstm and markov
chains in max/msp,” in Artificial Intelligence in Mu-
sic, Sound, Art and Design, T. Martins, N. Rodrı́guez-
Fernández, and S. M. Rebelo, Eds. Cham: Springer
International Publishing, 2022, pp. 228–242.

[34] Scramble Live: Combining LSTM and Markov Chains
for Real-time Musical Interaction. Zenodo, Jun.
2022. [Online]. Available: https://doi.org/10.5281/
zenodo.6576266

[35] J. Armitage and T. Magnusson, “Agential Scores: Ex-
ploring Emergent, Self-Organising and Entangled Mu-
sic Notation,” in Proceedings of the 8th International
Conference on Technologies for Music Notation and
Representation.

44

http://sro.sussex.ac.uk/id/eprint/46863/
https://www.oxfordreference.com/view/10.1093/acref/9780199743391.001.0001/acref-9780199743391-e-7727
https://www.oxfordreference.com/view/10.1093/acref/9780199743391.001.0001/acref-9780199743391-e-7727
https://www.oxfordreference.com/view/10.1093/acref/9780199743391.001.0001/acref-9780199743391-e-7727
http://www.nime.org/proceedings/2002/nime2002_156.pdf
http://www.nime.org/proceedings/2002/nime2002_156.pdf
http://www.nime.org/proceedings/2002/nime2002_073.pdf
http://www.nime.org/proceedings/2002/nime2002_073.pdf
https://doi.org/10.5281/zenodo.923889
https://doi.org/10.5281/zenodo.923889
http://www.nime.org/proceedings/2002/nime2002_145.pdf
http://www.nime.org/proceedings/2002/nime2002_145.pdf
http://www.nime.org/proceedings/2001/nime2001_030.pdf
http://www.nime.org/proceedings/2001/nime2001_030.pdf
http://www.nime.org/proceedings/2018/nime2018_paper0076.pdf
http://www.nime.org/proceedings/2018/nime2018_paper0076.pdf
https://arxiv.org/abs/2111.05011
https://arxiv.org/abs/2111.05011
https://doi.org/10.5281/zenodo.6576266
https://doi.org/10.5281/zenodo.6576266

	2 - TENOR_BOSTON_2023_paper_5657 Nowakowski.pdf
	 1. Introduction
	 2. Method
	 3. Results
	3.1 System Usability Score (SUS)
	3.2 AttrakDiff2
	3.3 Liveness

	 4. Discussion
	4.1 Limitations and Problems
	4.2 Metrics in detail
	4.3 Correlating the results

	 5. Conclusion & Future Work
	 6. References

	3 - TENOR_BOSTON_2023_paper_5929 Loui.pdf
	ABSTRACT
	1. INTRODUCTION
	Techniques for the notation, representation, and visualization of music and sound are inextricably linked to the human understanding of musical structure within their broad contexts. These understandings include the cognitive representations that the ...
	2. Studies in Musical Creativity
	3. Challenges and Motivations Behind Present Research
	4. the BP sequencer
	5. experiment 1: sequence production task: generating creative output
	6. Experiment 2: Sequence Ratings Task: Perception of creativity
	7. Experiment 3: EEG Signatures of Creativity from BP Sequencer data
	8. CONCLUSIONS
	9. references
	Acknowledgments
	We acknowledge funding support from NIH R01AG078376, NIH R21AG075232, NSF-CAREER 1945436, and NSF 2240330 to PL. We thank lab members Anjali Asthagiri, Jethro Lee, Catherine Zhou, Kristina Abyad, Carly Monson, Ayla Hadley, Corinna Parish, Eva Wu, and ...


	4 - TENOR_BOSTON_2023_paper_8103 Frame.pdf
	 1. Background
	1.1 Documentation for Digital Musical Instruments
	1.2 The AirSticks Community

	 2. Related Work
	2.1 Prescriptive notation
	2.2 Descriptive notation
	2.3 Describing experience?

	 3. The notation system
	3.1 Overview
	3.2 Capturing AirStick experiences
	3.3 Technical process
	3.4 Case study

	 4. Discussion
	4.1 Utility of new systems
	4.2 Future work

	 5. References

	5 - TENOR_BOSTON_2023_paper_5652 Celerier.pdf
	 1. Introduction
	 2. An ossia score primer
	 3. Distributing scores
	3.1 Abstracting over hardware with groups
	3.2 Distribution of interaction
	3.3 Polyphony

	 4. Distributing data
	 5. Visual language extensions
	 6. Implementation
	 7. Distribution examples
	7.1 Sending data between machines
	7.2 Combining control data across a group of players
	7.3 Duplicating an input
	7.4 Score for SMC2022
	7.5 Polyphony, sharing and visual language

	 8. Conclusion

	6 - TENOR_BOSTON_2023_paper_4288 Privato.pdf
	 1. Introduction
	 2. Background
	2.1 Instruments-Scores and Non-visual Inscriptions
	2.2 Event Scores and Non-visual Inscriptions
	2.3 Permanent Magnets

	 3. The Magnetic Score
	3.1 Magnetic Board
	3.2 Magnetic Discs
	3.3 Sound Processing

	 4. Presenting the Magnetic Score
	 5. Discussion
	5.1 Magnetic Inscriptions
	5.2 The Magnetic Score as Inherent Score
	5.3 Relational Inscriptions

	 6. Future Work
	 7. Conclusions
	 8. acknowledgments
	 9. References

	8 - TENOR_BOSTON_2023_paper_7600 Armitage.pdf
	 1. Introduction
	 2. Background
	2.1 Perspectives on Agency
	2.2 Exploring Agency through Boundary Objects

	 3. Agential Scores
	3.1 Agency of Points and Lines
	3.2 A Typology of Entanglements with Agential Scores
	3.3 Assemblages and Intra-action
	3.4 Agential Scores in Practice via Artificial Life

	 4. Tölvera: a Library of Number Beings
	4.1 Number Beings
	4.2 Mappings and Visualisations
	4.3 Implementation

	 5. Musical Encounters with Tölvera
	5.1 Encounters Summaries
	5.1.1 Encounter 1: Boids & Two Guitars
	5.1.2 Encounter 2: Physarum & Two Guitars
	5.1.3 Encounter 3: Boids, Physarum, Guitar & Conductor
	5.1.4 Encounter 4: Reversing Roles from Encounter 3

	5.2 Post-Encounters Discussion

	 6. Discussion
	6.1 Fluid Material Agency
	6.2 Mapping of Self Onto Agential Materials
	6.3 Perceiving the Intra-Actants
	6.4 Future Considerations

	 7. Conclusion
	 8. References

	9 - TENOR_BOSTON_2023_paper_2697 Hori.pdf
	 1. Introduction
	 2. Note-Tablature-Form Tree for Monophonic Cases
	2.1 Fingering decision based on HMM
	2.2 Note-tablature-form tree

	 3. Note-Tablature-Form Tree for Polyphonic Cases
	3.1 From chord to tablature
	3.2 From tablature to form
	3.2.1 Representing forms by finger numbers
	3.2.2 Numbering string-fret pairs
	3.2.3 Non-decreasing finger numbers
	3.2.4 Enumerating left hand forms
	3.2.5 Inserting mandatory separators
	3.2.6 Inserting optional separators


	 4. Conclusion
	 5. References

	10 - TENOR_BOSTON_2023_paper_8126 Panariello.pdf
	 1. Introduction
	 2. Motivation
	 3. Class description
	3.1 fileName
	3.2 midicents
	3.3 magnitudes
	3.4 rhythmTree
	3.5 metronome
	3.6 quantization
	3.7 threshold
	3.8 dynamics

	 4. Examples
	4.1 Writing a score from patterns
	4.2 Writing a score from spectral data

	 5. Case study – generating a piano piece using SuperOM
	 6. Limitations
	 7. Conclusions and Future work
	 8. References

	11 - TENOR_BOSTON_2023_paper_9804 Shapiro.pdf
	 1. Introduction
	 2. Related Work
	 3. Language Features
	3.1 Low-Level Fundamentals
	3.2 High-Level Templates
	3.3 Additional Features

	 4. Sample Program
	 5. Compiler Structure
	 6. Template Expansion Logic
	6.1 Backbone Logic
	6.1.1 Generating Notes in a Diatonic Scale
	6.1.2 Generating Chord Templates in a Diatonic Scale

	6.2 Template Expansions
	6.2.1 Scales
	6.2.2 Chords and Arpeggios
	6.2.3 Cadences
	6.2.4 Harmonic Sequences


	 7. Conclusion
	 8. References

	12 - TENOR_BOSTON_2023_paper_6679 Yamamoto.pdf
	 1. Introduction
	 2. Preliminaries
	2.1 Tonal Pitch Space
	2.2 Distance Models concerning Harmonic Features

	 3. Our Approach
	3.1 From Chord Names to Chord Interpretation Paths
	3.2 Between Chroma Vectors and Chord Interpretations
	3.3 From Chroma Vectors to Chord Interpretation Paths

	 4. Experiments
	4.1 Dataset
	4.2 Results

	 5. Conclusion
	 6. References

	13 - TENOR_BOSTON_2023_paper_9279 Gaulhiac.pdf
	 1. Introduction
	 2. Background
	 3. Harmonic Descriptors
	3.1 Implementation & Spectra Computation
	3.2 Concordance
	3.3 Third Order Concordance
	3.4 Roughness

	 4. From Harmonic Descriptors to Harmonic Maps
	4.1 Stability of Sounds
	4.2 Timbral Considerations

	 5. Interactive Harmonic Maps
	5.1 Implementation
	5.2 MPE Control & Harmonic Trajectories

	 6. Examples
	6.1 Influence of the Number of Partials
	6.2 Influence of Timbre
	6.3 Influence of Dynamics & Playinng Techniques
	6.4 Influence of Harmonicity
	6.5 Roughness
	6.6 Third Order Concordance

	 7. Conclusions & Future Work
	 8. References

	14 - TENOR_BOSTON_2023_paper_7968 Lepper.pdf
	 1. Introduction
	 2. Beaming Rules as a Transformation Pipeline
	2.1 Foundation: Genuine Beams
	2.2 Modification of Genuine Beams
	2.3 Beams for Rhythms
	2.4 Local Transformations of Beam Patterns

	 3. Additional External Data
	3.1 Indirect Influence by Stem Direction
	3.2 Direct Influence
	3.3 Beams expressing Tempo – ``Feathered'' Beams

	 4. Two-Dimensional Layout: Vertical Position and Pitch Height
	4.1 Ergonomic Significance of Beam Inclination
	4.2 Stem Direction of Beam Aggregates
	4.3 Graphical Placement of Beam Aggregates
	4.4 Fine Tuning against the Staff Lines
	4.5 Resolving Conflicts by Breaking Beams
	4.6 Resolving Conflicts by Knees
	4.7 Resolving Conflicts by Changing Height and/or Inclination

	 5. Aspects Not Covered
	 6. Conclusion
	 7. References
	 A. Appendices
	A.1 Polymetric Constellations Expressible by Beams


	16 - TENOR_BOSTON_2023_paper_2367 Onttonen.pdf
	 1. Introduction
	 2. Main features
	2.1 Leader interface
	2.2 Musician interface

	 3. Design principles
	 4. Development process
	 5. Technical implementation and limitations
	 6. Case: Labra
	6.1 General remarks
	6.2 Two examples

	 7. Conclusions and future work
	 8. References

	18 - TENOR_BOSTON_2023_paper_9910 Bell.pdf
	 1. Introduction
	1.1 Are scores maps?
	1.2 Maps do not represent time
	1.2.1 Databases as an art form
	1.2.2 Morton Feldman and the European clock makers


	 2. Corpus-Based Concatenative Sound Synthesis (CBCS) today
	2.1 Timbre Space
	2.2 Corpus-Based Concatenative Synthesis - State of the art

	 3. First attempts
	 4. Motivations
	 5. Workflow
	5.1 Corpus Selection
	5.2 Analysis in FluCoMa
	5.2.1 Slicing
	5.2.2 mfcc on each slice - across one whole slice/segment
	5.2.3 statical analysis over each slice
	5.2.4 Normalization
	5.2.5 Dimensionality Reduction
	5.2.6 Neighbourhood queries

	5.3 PatchXR
	5.3.1 Interaction and OSC communication


	 6. Future works: the Raspberry Pi Orchestra
	 7. Conclusions
	 8. References

	10 - TENOR_BOSTON_2023_paper_8126 Panariello.pdf
	 1. Introduction
	 2. Motivation
	 3. Class description
	3.1 fileName
	3.2 midicents
	3.3 magnitudes
	3.4 rhythmTree
	3.5 metronome
	3.6 quantization
	3.7 threshold
	3.8 dynamics

	 4. Examples
	4.1 Writing a score from patterns
	4.2 Writing a score from spectral data

	 5. Case study – generating a piano piece using SuperOM
	 6. Limitations
	 7. Conclusions and Future work
	 8. References

	Blank Page
	Blank Page
	Panariello P. 74.pdf
	 1. Introduction
	 2. Motivation
	 3. Class description
	3.1 fileName
	3.2 midicents
	3.3 magnitudes
	3.4 rhythmTree
	3.5 metronome
	3.6 quantization
	3.7 threshold
	3.8 dynamics

	 4. Examples
	4.1 Writing a score from patterns
	4.2 Writing a score from spectral data

	 5. Case study – generating a piano piece using SuperOM
	 6. Limitations
	 7. Conclusions and Future work
	 8. References

	10 - TENOR_BOSTON_2023_paper_8126 Panariello.pdf
	 1. Introduction
	 2. Motivation
	 3. Class description
	3.1 fileName
	3.2 midicents
	3.3 magnitudes
	3.4 rhythmTree
	3.5 metronome
	3.6 quantization
	3.7 threshold
	3.8 dynamics

	 4. Examples
	4.1 Writing a score from patterns
	4.2 Writing a score from spectral data

	 5. Case study – generating a piano piece using SuperOM
	 6. Limitations
	 7. Conclusions and Future work
	 8. References


