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Editorial

The Integrated Multidisciplinary Music Dictionary
(DiMMI) is an annual conference in which scholars,
researchers, musicians and practitioners are asked to
interpret a single keyword within the perspective of
their own discipline, seeking to promote the exchange
of ideas at the crossroad with other research commu-
nities. After two editions, we have decided to launch
a series of conference proceedings that collect the ex-
tended abstracts presented at the conference. Like
the conference, this manuscript collection is multidis-
ciplinary by its very nature.

This volume comprises the papers of all authors
who contributed to the 2022 edition of the event,
jointly organized by the University of Trento and the
Conservatorio di Musica F.A. Bonporti of Trento.

After “dissonance” in 2020 and “rules” in 2021, the
keyword chosen for the 2022 edition was “interac-
tion”. The term interaction takes on different conno-
tations depending on the context and the discipline
in which it is adopted, in relation to the processes,
languages, and technologies used. Interaction im-
plies coordination, action, reaction, reciprocal mod-
ifications between the entities involved to guarantee
communication and exchange. Interaction is present
in all processes in which codes, devices, organiza-
tions, and people influence each other.

A reflection on exchanges in symbolic, physical and
socioeconomic systems, which is even more relevant
following the the rise of novel ways of organizing and
computing paradigms based on machine learning and
artificial intelligence, can provide significant perspec-
tives for interpreting the interactions that characterize
our experience and our perception of music, making
music and the world of sounds from unusual points of
view.

Overview of the Volume

The conference has seen the participation of re-
searchers and practitioners from different countries
and academic contexts, and it has been a great oppor-
tunity for fruitful discussions that span across a vari-
ety of topics. The volume will be introduced by the
contribution of three keynote speakers, Ellen Dissan-
nayake (Univ. of Washington), Nick Crossley (Univ.
of Manchester), and Almo Farina (Univ. degli Studi
di Urbino). These three manuscripts set the stage
for locating the conference contributions in context,
ranging from the biological origin to musicality (Dis-
sannayake), to social networks in music (Crossley), to
ecology (Farina).

In particular, Dissannayake addresses how the first
interaction between mothers and infants can build
the foundation of a universal interactive behavior be-
tween them, commonly known as “baby talk,” which,
according to the author, can be seen as a forerun-
ner of what eventually becomes music or musicality.
Crossley’s contribution addresses the issue of social in-
teraction in music and discusses how music can be
conceived as a social interaction based on rules and
resources to be coordinated. He maintains that net-
works play a crucial role in combining resources and
especially those required for making and enjoying mu-
sic.

Farina’s contribution is instead focused on the anal-
ysis of the interactions across natural and human do-
mains, investigating the central role of sound in land-
scape ecology. The author explores the properties of
sound and the possibility of using it as a tool to acti-
vate interactions between the natural and the hybrid
(created by humanity) worlds.

The second part of the volume follows the con-
ference program, consisting of presentation sessions,
poster sessions and demonstration sessions. Presen-
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tation sessions include the discussion of theoretical
and practical frameworks to promote the idea of in-
teraction in different domains, bringing to the atten-
tion of the audience an all round perspective on what
“interaction” means, spanning across social sciences,
music, philosophy, and technology. The contribu-
tions include algorithms, teaching frameworks, mul-
timodal and multidisciplinary interaction paradigms.
The poster and demonstration sessions are instead
aimed at presenting practical implementations and in-
progress works, such as software libraries, user stud-
ies, complementing the technical program with tan-
gible experiences that stimulated a fruitful discussion
among all the participants.

We hope the reader will enjoy the contributions in-
cluded in this volume, which, in the perspective of
DiMMI, aim at promoting cross-disciplinary debate,
and a space where researchers, scholars, and musi-
cians can benefit from the mutual exchange of knowl-
edge.



The First

Interaction Foretells

Musical Behavior in Our Species

Ellen Dissanayake

School of Music, University of Washington, Seattle, WA, USA

Abstract

Could human musicality be a species-specific behavior
like language, laughter, hand-use, cooperation, eth-
nocentrism, and so forth—something that evolved be-
cause it contributed to our ancestors’ survival and re-
productive success? I propose such a hypothesis based
on a universal interactive behavior between human
mothers and infants, commonly called “baby talk,”
which I propose is a forerunner of what eventually be-
came music or musicality.

1 Background

My approach to the origin of musicality is based on
information and ideas from many subjects:

* Human prehistory/archaeology (the deep human
past)

* Ethology (the biology of the behavior of animals
in their natural environment)
Human ethology: the biology of human behav-
ior—e.g., musical behavior or “musicality”

* Anthropology
Physical: anatomy and physiology of music-
making (singing, instrument playing)
Cultural: musical behavior in various cul-
tures—similarities and differences

* Psychology
Developmental: how musicality develops in the
individual from birth to maturity
Cognitive: what mental capacities contribute to
musicality? How does music express and gener-
ate emotions?

* Neuroscience
Cognitive and affective: roughly, making and un-
derstanding music and responding to it

* Aesthetics
Philosophy of art; knowledge and experience of
individual arts

There are at least five reasons that suggest that mu-
sicality is a biological adaptation (or predisposition).
Music-making is: (a) found in every known society,
past and present; (b) “costly”— even (and especially)
in subsistence societies, it takes time and effort that
could be devoted to activities more obviously relevant
to survival (such as hunting, gathering, or preparing
food; making implements, clothing, and other neces-
sities of daily life; courtship, and even resting); (c)
like other evolutionarily important things (such as
eating, socializing with others, having sex, caring for
children, being warm and safe, and playing), music-
making is a source of pleasure; (d) without being
taught, very young children are predisposed to en-
gage in musical behavior: they move to music, sing,
and dance (as well as engage in other arts—playing
with words, wearing costumes, making believe); (e)
most culturally-important social activities are accom-
panied by music.

2 The Biological Origin of Musi-
cality

2.1 The first relationship

People all over the world speak and act differently
with infants than with older children or adults. Why
should this be so? Though physically helpless, new-
borns are socially precocious. Immediately alert at
birth, they respond to human voices and faces more
than to any other sound or sight. Soon after birth
they look into their mother’s eyes in what is called
mutual gaze. A mother talks to her baby in a soft,
high-pitched, sing-song voice, repeating words and
phrases. Although the infant does not understand the
words, it pays rapt attention. If its attention strays,
the mother will respond by altering her vocalizations
in order to regain the baby’s regard; if it starts to fuss
or cry, the mother again adjusts her sounds to calm
and soothe it.
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Not only vocalizations are altered (repeated, ex-
aggerated, and elaborated), but there are exagger-
ated facial expressions (open mouth, wide eyes, wide
sustained smiles, raised eyebrows) and head move-
ments (head bob backwards, nodding). Maternal
body movements in the interaction include rhythmic
pats and strokes, as well as hugs and kisses. These vo-
cal, visual, and gestural signals are exaggerated forms
of ordinary friendly sounds, expressions, and move-
ments that adults use with each other when they ex-
press familiarity, agreement, agreeableness, or readi-
ness for contact. Fathers and other fond relatives also
find themselves behaving like this, which they would
never dream of doing with anyone else. It is biologi-
cal evolution that induces both mother and infant to
engage in these unusual behaviors because they are
important for the baby’s survival and the mother’s re-
productive success, even if they don’t have a clue why
they are acting this way. And surprisingly, it is the
infant who comes into the world ready to “teach” its
caretaker to make special sounds and funny facial ex-
pressions by responding to these with smiles, wrig-
gles, and coos. If an adult talks to a baby as it does
to another adult, the baby will look away and fuss.
Mothers quickly catch on to what a baby wants (and
needs), which is certainly not adult conversation.

2.2 Resemblances between baby talk and
music

Looking at a transcript of baby talk as one hears and
watches a video of mother-infant engagement, one
can note musical features (melody, rhythm, varia-
tions in volume and speed, and manipulation of ex-
pectation) and a similar temporal structure (phrases,
repeated motifs or themes, framed episodes with a
consistent expressive mood, theme and variations,
and evidence of mutual coordination). Using frame-
by-frame microanalysis one can see coordination in
time: imitation, joint action (chorusing), and turn-
taking. In both music and baby talk, movement is
essential, and both behaviors may have similar re-
sults or effects: pleasure, “wordlessness” or “inde-
scribability,” social regulation and enculturation, at-
tunement and entrainment, and emotional bonding
(“self-transcendence”).

2.3 But (evolutionarily speaking) how
did we get from baby talk to music?

2.3.1 Anatomical adaptations from our ancestral
past

In the millennia after 1.8 million years ago, in the
early evolution of our genus, Homo, two momentous
adaptations began to collide. The first was gradual
upright walking on two legs (bipedality), which pro-
duced over time a deluge of anatomical changes, in-
cluding reshaping and relocating the opening of the
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spinal cord, restructuring the rib cage and the bones of
the inner ear, altering the anatomy of the hips, lower
limbs and the ankles, toes, and soles of the feet, recon-
figuring of joints and body musculature. Significantly,
among these required anatomical adaptations was a
reshaped pelvis and consequently a narrowed birth
canal. The second anatomical change was in brain
size (encephalization), increasing between the earli-
est hominid, Australopithecus (508 cc.) and Homo
erectus (973cc), between four and three million years
ago, and even more dramatically between H. erectus
(perhaps H. habilis or H. ergaster, which has a longer
vocal tract) and modern humans, who have a brain
size of about 1400 cc.

2.3.2 The “obstetric dilemma” and its evolution-
ary solutions

The alterations to the female pelvis required by
bipedality included gradual shortening from fore to
rear so that the trunk became centered over the hip
joints and thereby reduced fatigue during upright
walking. And gradual adult brain enlargement en-
tailed a larger and larger head of the unborn baby.
Anatomical and behavioral adaptations further oc-
curred to allow a successful birth and rearing of in-
fants.

A. Anatomical adaptations: (a) the infant skull be-
came compressible at birth: the fontanelle (or “soft
spot”); (b) cartilage between the two halves of a
mother’s pelvis could stretch slightly during child-
birth; (c) significant brain growth of the baby occurs
outside the womb (i.e., the brain size of a newborn
triples between birth and four years, and at matu-
rity the brain is four times larger than at birth); (d)
the gestation period is comparatively reduced (when
compared with and adjusted to that of other pri-
mates): it is estimated that a human baby would re-
quire 21 months in utero and at birth would weigh 25
pounds.

B. Behavioral adaptations:the mother-infant inter-
action, as described earlier, results in emotional bond-
ing that ensures that the mother wants to take care
of a helpless and demanding (if adorable) infant for
not just weeks and months but years. Special charac-
teristics of the interaction reinforce her brain’s neural
networks and neurochemistry for affiliation by (a) the
mother’s use of special alterations to the vocal, visual,
and gestural affinitive signals that she directs to her
infant: formalization (composed, simplified), repeti-
tion, exaggeration, elaboration, and manipulation of
expectation) as well as by prolonging and temporally
coordinating them; (b) affiliative hormones such as
oxytocin, present in the brains of all mammals, are
released during patterned, dynamic, rhythmic activ-
ity with infants (as with adults); (c) feelings of trust
and confidence are further effects of coordination and
entrainment with other humans.
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3 Why Should the Baby Talk In-
teraction Ever Have Evolved?

As mentioned earlier, babies are born wanting (and
able to entice) their caretakers to engage in the pe-
culiar altered vocal, visual, and gestural signals that
comprise baby talk. In addition to establishing the
just-described physiological and emotional attune-
ment called “bonding” that promotes maternal care
of helpless infants, there are numerous other benefits
to babies as they develop.

* Emotion recognition and regulation. Through in-
teraction with a caretaker, babies learn to dis-
criminate different emotions as they are ex-
pressed vocally and visually; they gain acquain-
tance with their own shifting levels of excitation
and positive or negative feelings, thereby devel-
oping some degree of self-regulation of these;
they learn that through their own responses and
signals they can regulate the other person’s stim-
ulation.

* Cognitive practice. By anticipating, babies “hy-
pothesize” what will come next and learn how
to evaluate discrepancies from the expected; they
test and perfect their expectations or predictions.

* Social practice. The interaction first acquaints in-
fants with back-and-forth, give-and-take socializ-
ing, the rudiments of their prospective lives as so-
cial beings where their behavior calls forth recip-
rocal responses in another; they learn that oth-
ers presuppose, require, and react in turn to their
(the baby’s) responses.

* Language learning. Babytalk prepares the way for
a baby’s being able to produce and understand
the prototypical and meaningful sounds of the
language it will eventually speak.

* Learning of culture. In the interaction, different
cultures instill their own norms of proper behav-
ior, whether demonstrative, restrained, and so
forth.

The developmental importance of these benefits of
bonding is clearly illustrated by the well-known “un-
intended experiment” revealed by some overcrowded
Eastern European orphanages after the break-up of
the Soviet Union. The babies’ physical needs were
haphazardly addressed, but just as serious was that
there was essentially no face-to-face interactive play
with their attendants. After later adoption by Western
European and North American parents, it was noted
that the children had difficulties interacting socially
with their adoptive families and in school with other
students, as well as with their own emotional regula-
tion and control.
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4 Conclusion: A Hypothesis of
the Origin of Human Musical
Behavior

4.1 Exaptation and ritualization

My hypothesis of the origin of human musicality re-
quires the incorporation of two more theoretical sub-
jects that were too complex to describe in my con-
ference presentation, although I will describe them
briefly in this article. First, it is important to empha-
size that mother-infant interaction is not itself music,
but it provides the ingredients that became musicality
in an evolutionary process called exaptation. This term
describes an evolved feature that has become adaptive
in one context (as when feathers evolved for warmth)
but later evolved further in a different adaptive con-
text. In the case of feathers, they went on to en-
able flight as well as, in some cases, becoming colored
and patterned for male courtship or territorial display.
In the case of musicality, the ancestral adaptive fea-
ture is mother-infant interaction whose components
evolved, as I have described, to instill and enable the
emotional bond that facilitated better care by mothers
of increasingly immature and helpless infants.

I propose that the origin of these bonding com-
ponents of mother-infant interaction was earlier so-
cial signals of voice, face, and body that in human
adults today (and presumably in the ancestral past)
are universally used to communicate friendliness and
a willingness to cooperate. These are so common that
we may not even be consciously aware of them un-
til they are described by psychologists of emotional
expressions;: they subliminally convey positive, non-
aggressive intentions such as smiling; a receptive face
with open eyes and mouth; an agreeable voice; and
unthreatening movements. These everyday commu-
nicative signals in our remote ancestors were available
to be exapted by mothers with babies when altered by
the five “operations” described above—again, formal-
ization (organization or simplification), repetition, ex-
aggeration, elaboration, and manipulation of expec-
tation (or surprise). The operations gave the friendly
adult signals an evolutionarily new emphatic effect
when solicited by and directed to infants: attracting
their attention, sustaining their interest, and creating
and manipulating their emotions.

Such a transformation of communicative signals
in animals—especially birds, but also many species
of fish, reptiles, and even insects—was identified by
twentieth-century ethologists and called ritualiza-
tion, the second theoretical subject. Although some
researchers have claimed that humans have no rit-
ualized behaviors, it can be argued that individuals
in groups everywhere observe conventions of greet-
ing and parting, displaying status, showing submis-
sion, and so forth, in culturally different ways. How-
ever, I claim that in mothers’ interaction with their
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infants, the five behavioral components or operations,
and their effects, can be considered as an adaptive rit-
ualized behavior, albeit with some cultural variants.

4.2 Ritual

The ethological term “ritualization” was derived from
the widely observed human practice of rituals, which
take place at times of existential uncertainty and tran-
sitions from one state to another. They reflect a uni-
versal desire for supernatural help or protection, with
the hope of obtaining goods or deflecting evils. Rit-
uals are important occasions in which groups spend
a great amount of time, energy, and costly goods in
order to demonstrate to their “spirits” or deities that
they really care about the matter at hand. The cost-
liness and effort of the ritual is commensurate with
(and thus demonstrates) the group’s need and wor-
thiness.

In ritual ceremonies ordinary speech and sounds
become singing, chanting, or playing instruments; or-
dinary movements become dancing. Activities such as
decorating one’s surroundings, wearing costumes and
masks, performing stories, and making marks are sim-
ilarly transformations of everyday behaviors. They at-
tract attention, sustain interest, and create and shape
emotion, using the same “operations” that in ances-
tral mothers and infants were adaptive solutions to
the consequences of the obstetric dilemma. The same
adaptive neural connections and hormones that pro-
moted bonding between mother-infant pairs became,
in ritual contexts, exaptations that, as music and the
other arts, bonded members of a social group in con-
fidence and unity. In other words, the multimodal be-
haviors of voice, face, and movement that we identify
today as “music” (or “musicality”) arose and were de-
veloped in ritual practices that bonded small human
bands together in their dangerous and unpredictable
world, thereby contributing to their survival and re-
productive success.

It is important to recognize that rituals, fundamen-
tally, are collections of arts and would not exist with-
out them. The arts are essential to ritual ceremonies.
They discharge the neurochemicals that bind mem-
bers of a group together in confidence and unity.

This article, like my talk, has presented a whirl-
wind tour over many complex subjects that have to
do with human-human “interaction,” the theme of
this conference. I leave my readers to wonder how
many of the “operations” of musical behaviors fore-
shadowed in mother-infant interaction still obtain in
human-computer interactions. If we examine these
compositions. I daresay that we will generally find
the exapted operations of (once again) formalization
(organization or simplification), repetition, exagger-
ation, elaboration, and manipulation of expectation
(surprise) and their emotional effects of attracting at-
tention, sustaining interest, and creating and manip-
ulating emotions.
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Music as Social Interaction

Nick Crossley

University of Manchester, UK

Abstract

In this paper I present a sociological perspective upon
interaction and music. Specifically, I argue that mu-
sic is social interaction. I begin by making the ba-
sic case for this claim. I then embellish the claim by
considering the role of conventions and resources in
musical interaction. I conclude with a reflection on
the broader networks of interaction involved in music
worlds.

1 Music as Social Interaction

We sometimes refer to music as if it were an object
but it isn’t. Music is an activity or, better still, a form
of social interaction [Becker, 1982], [Small, 1989].
This contention is nicely captured in Small’s (1989)
suggestion that ‘music’ be considered a verb (‘to mu-
sic’), taking the present participle, ‘musicking’ (see
also [Crossley, 2022]). It can be elaborated by way of
a more common definition of music, posited by Black-
ing [Blacking, 1973] amongst others, as ‘humanly or-
ganised sound’. In contrast to the vibrations of air
which become sound within the human auditory sys-
tem, and which exist independently of human beings,
sound itself is an intentional phenomenon which only
exists in the experience of beings who hear it. Sound
must be heard in order to exist (as sound). If music
is sound, therefore, it only exists for and in virtue of
audiences who hear it. Moreover, importantly, hear-
ing is the product of interaction between a sentient,
listening organism and generative events in the im-
mediate environment of that organism which give rise
to the aforementioned vibrations; namely, in the case
of music, the activities of performers, either live or
recorded. Music exists within the interaction between
performers and listeners. Furthermore, whilst, in the
case of music, sounds are organised by performers
and, in many cases, by composers before them, lis-
tening too plays a role in the organisation of sonic
materials. As [Merleau-Ponty, 1962] says of the gaze,
listening, informed by demands arising from the ac-
tivities of the organism, interrogates its environment,
ordering and patterning the materials it encounters

in an effort to make sense of that environment. It
‘groups’ discrete tones, for example, such that the
listener hears melodies [Husserl, 1964] and, indeed,
rhythms. There are no melodies or rhythms in the ab-
sence of listeners capable of arranging what they hear
in these ways. If music is ‘humanly organised sound’,
therefore, it is equally, necessarily, social interaction.

The performer and listener roles involved in these
musical interactions are ordinarily played by differ-
ent people, such that music is a straightforward case
of social interaction. In some cases, however, includ-
ing solitary practice, the same individual plays both
roles — performer and listener. This may seem to con-
tradict the argument that music is social interaction
but I have suggested elsewhere that it is better con-
sidered a special case of it ([Crossley, 2020], see also
[Small, 1989]). This is not the place to rehearse this
argument in detail. Suffice it to say that, as G.H. Mead
[Mead, 1967] argued for human reflexivity more gen-
erally, when players take up the listener role in rela-
tion to their own performances, reflecting upon and
judging what they are doing, they draw upon the per-
spectives of others (both individuals and collectives to
which they belong) with which they are familiar, ef-
fectively bringing those perspectives to bear in a simu-
lated conversation. They anticipate what others might
have to say about their tone or timing, for example,
and act upon these ‘Tresponses’. In addition, in many
cases they play and thereby interpret pieces written
by others, using equipment designed, made, sold and
sometimes maintained by yet others in an elaborate
division of labour. They may be alone in the room but
their activities depend upon and engage with those of
multiple others.

As these latter comments suggest, the interaction
between performer and listener is only one dyad in
what is, in effect, a potentially complex network. In
addition to the interaction between performers and
a composer (typically mediated by way of a written
score), for example, performers interact with one an-
other, seeking to find and maintain a common groove,
adjusting to one another’s mistakes and stimulating
and encouraging one another [Monson, 1996]. Like-
wise audiences interact. This is clear in the live sit-
uation, where they dance together, collectively form
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mosh pits and support one another’s crowd surf-
ing. Together they enact rituals and generate what
Durkheim [Durkheim, 1915] called ‘collective effer-
vescence’, all of which shapes their listening and thus
the music which they hear. In addition, the forma-
tion of audience subcultures, listening publics and fan
clubs, alongside more mundane (though often ani-
mated) conversations between enthusiasts and crit-
ics all enter into musicking, framing and informing
the listening process in ways which influence what is
heard, the meaning it takes on and higher-order in-
terpretations of it.

To these interactions we must add the input of what
Becker [Becker, 1982] calls ‘support personnel’; that
is, producers, promoters, sound engineers, roadies
etc. Whether it involves live performance, record-
ing or playback of recordings, musicking is an event
(sandwiched between openings and closings) whose
possibility rests upon multiple roles. Some, such as
sound engineers, contribute more directly to what is
heard than others (e.g. box office staff and record
store assistants) but, to take the example of live mu-
sicking, events must be publicised and tickets both
sold and collected if they are to succeed both finan-
cially and as experiences. This makes promoters and
ticket office staff, amongst others, indispensable.

2 Conventions and Resources

Considered thus, music is not only interaction but, as
Becker suggests, collective action involving a vast net-
work. I return to the idea of networks. Firstly, how-
ever, I want to explore musical interaction further by
way of two of its key elements: conventions and re-
sources.

Any attempt at social interaction must negotiate
what Lewis [Lewis, 1969] calls ‘coordination prob-
lems’. There are often many different ways in
which participants could achieve their goals (individ-
ual and/or collective), none more obvious or better
than the others. Participants could choose any of
these ways but if they are to succeed in achieving their
goals it is important that they agree in what they do.
It does not matter, for example, whether we drive on
the left or right-hand side of the road but it is impor-
tant that road users agree on one or the other. Given
the many variables involved in even quite simple in-
teractions and the multiple parties who come and go
in some cases it is clearly impossible for such agree-
ments to be struck anew in each case. Rather, past
agreements tend to become institutionalised in the
form of conventions [Lewis, 1969], [Becker, 1982].
By orienting to conventions individuals know how
they should act in particular situations, form expec-
tations about the actions of others in those situations,
and anticipate the expectations that others have of
them.

This is important in relation to musicking, which,
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according to Susan McClary [McClary, 2001], is con-
vention ‘all the way down’. As we know from histor-
ical and cross-cultural comparisons, every aspect of
musicking, from tonal intervals (e.g. the distance be-
tween Bb and B) and scales, through notation and
forms (e.g. the sonata and twelve-bar blues), to au-
dience behaviour and ticket sales is a matter of con-
vention. This facilitates all of the above interactions
and goes right to the very heart of musical meaning
and the emotions it stirs. In a very influential argu-
ment, for example, Leonard Meyer [Meyer, 1956] ar-
gues that the emotional effect of musicking is achieved
by way of the manipulation of conventions (which, in
turn, drives the evolution of those conventions) (see
also [Huron, 2007]). Audiences orient to the conven-
tions employed by composers and performers when
listening, he argues. This, in part, enables them to
order their experience and make sense of what they
hear. Pieces that are too conventional and therefore
too predictable are often experienced as boring. To
make a piece moving (in different ways) composers
and performers must play with audience expecta-
tions by deviating from conventions, in particular by
delaying resolutions or finding alternative routes to
them. However, such deviation presupposes conven-
tions which both performers and listeners orient to,
even as the former deviate from them.

Some conventions are common across the multiple
types of music found in a given national or even inter-
national society. Others, however, serve to mark out
distinct musical styles and the different ‘music worlds’
in which they are enjoyed. The differences between
reggae, heavy metal and soul, for example, can be
specified in terms of the musical conventions they typ-
ically involve.

I return to music worlds but before I do I want
to consider the importance of resources to musick-
ing and the role which musical interactions play in
the exchange, pooling and combination of those re-
sources. Musicking involves a variety of resources
including time, energy, skill, equipment and often
dedicated spaces, as well as the money necessary to
purchase some of these. Single individuals typically
lack the resources necessary for even modest musi-
cal projects, on their own, and this is often amongst
their incentives for entering into interactions and rela-
tions with others. Performers, skilled in and equipped
with one instrument, seek out performers skilled in
and equipped with other instruments, as well as indi-
viduals with managerial skills and relevant contacts,
who may negotiate with promoters, venue owners and
record labels on their behalf etc. Different musical
projects require different resources and access to re-
sources therefore shapes their opportunities.

In previous work I have developed this idea by ref-
erence to ‘critical mass’; that is, the number of par-
ticipants required to allow an event to be staged and
to succeed [Crossley, 2015], [Crossley, 2020]. Critical
mass is not necessarily entirely a matter of tangible re-
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Figure 1: The Manchester Punk/Post-Punk World, 1980

sources. For example, the atmosphere and collective
effervescence which contribute to the success of a gig
— and of the course definitions of success may vary -
depends in some part upon audience numbers. Be-
yond this, however, any musical event requires that
a number of roles are performed, which, in turn, re-
quires a sufficient number of suitably skilled people to
fill those roles (one person may play several roles but
the need for simultaneous contributions places limita-
tions upon this). Furthermore, the financial incentives
that may be required to fill some roles adds to costs
(e.g. for venue hire, transporting and hiring equip-
ment etc.) that must be recouped by charging au-
diences for admission, setting a further threshold for
critical mass: audience members will generally have
an upper limit to what they are prepared to pay for
any given event, which determines the audience size
required to break even.

3 Worlds as Networks

A critical mass of willing participants is a necessary
prerequisite for a sustainable ‘music world’. The clas-
sical concert world, the jazz, punk and folk worlds
(and/or any of their local manifestations, e.g. the
Milan jazz world, the Liverpool punk world, Ital-
ian opera) all require sufficient participants to do
their particular forms of musicking, both live and
recorded, and (in the absence of the wealthy pa-
trons and/or government grants which more high-
brow worlds might attract) a sufficient number of pay-
ing customers to meet the costs which those forms
incur. However, a critical mass is more than an ag-

gregate of individuals. It involves interaction and re-
lations between participants, forming a network with
identifiable (and variable) properties. These networks
may be huge but smaller ones can be visualised as
graphs. In Figure One I visualise the network of per-
formers and support personnel involved in Manch-
ester’s punk and post-punk world, as of January 1980
(see [Crossley, 2015] for further elaboration). Indi-
vidual participants are represented by small squares
(‘vertices’) and relations between them, which in this
case involve co-participation on a musical project, are
visualised by lines which connect them (‘edges’).

To emphasise an earlier point I have coloured
the vertices of participants who played a sup-
port/organisational role in this world (sometimes
alongside a performer role) blue, and those who did
not red. I also sized vertices according to the num-
ber of connections each has (its ‘degree’). This very
clearly shows that organisers are typically better con-
nected in music worlds than performers (their average
degrees are 24 and 9 respectively in this case), under-
lining their significance in musicking of this type.

Networks are crucial for the movement of resources
through a world. However, they play a variety of other
roles too. They are crucial for the coordination of ac-
tivities (e.g. getting everybody involved in an event,
including audiences in the case of gigs, to the right
place at the right time). They cultivate trust, mutual
support and cooperation, which, in turn, allows their
participants to act in ways that may not otherwise be
possible (e.g. borrowing equipment and learning new
‘tricks’) [Crossley, 2015]. They simultaneously culti-
vate competition, which encourages practice and in-
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novation amongst artists, who seek to stand out from
the rest. They facilitate recruitment, both of band
members and audiences. And they create an envi-
ronment in which styles (both musical and sartorial)
which might be perceived as deviant and discouraged
in wider society can be cultivated (ibid.).

4 Conclusions

In this paper I have a sketched a brief case for consid-
ering music to be a form of social interaction. I began
by noting that the common definition of music as ‘hu-
manly organised sound’ presupposes on-going inter-
action between performing and listening (even if both
roles are played by the same person in some cases). I
then considered the many wider roles often involved
in musicking and the various interactions that occur
both within and between sets of incumbents of these
various roles. Embellishing this further, I first consid-
ered the ‘coordination problems’ posed by all attempts
at interaction and the role of convention in helping
participants to resolve these problems. I then consid-
ered the role of resources in musicking and the pool-
ing, exchange and combination of resources in musi-
cal interactions. Finally, I considered the wider net-
works of interaction which comprise ‘music worlds’
and which in various ways enable musical interaction.
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Abstract

In this paper, we discuss the central role of sounds
as semiotic vehicles to integrate and connect different
compartments of natural and human domains.

We present the new discipline of ecoacoustics,
which investigates in a non-invasive way the ecolog-
ical role of sounds. This discipline is an example of
epistemological integration with general ecology and,
in particular, with landscape ecology.

Then, we will bring into question the ecosemiotic
property of sounds and the possibility of using sounds
as an efficient tool to activate interactions between
the natural world and the hybrid world created by hu-
manity.

Finally, we will explore new technological advance-
ments that allow us to make virtual trips around the
world, giving an extraordinary opportunity to people
to explore remote areas thanks to a net of on-stream
acoustic sensors, and to participate in the develop-
ment of citizen science.

1 Introduction

The environment is an extraordinary collection of or-
ganisms and geophysical, biological, ecological and
semiotic processes tuned by astronomical and cli-
matic constraints. Most of our scientific knowledge
is based on the functioning of the physical world
driven by processes like climate dynamics, soil geo-
chemistry and population and community dynamics
[Odum, 1971]. However, despite the incredible accel-
eration of ecological knowledge that has occurred in
the last decades, the semiotic domain that pertains
communication, signification and environmental cod-
ing remains poorly investigated.

Visual, olfactory, acoustic and tactile senses are at
the basis of this semiotic domain [Farina, 2022]. The
information enclosed in this semiological "universe"
is dominated by visual cues such as the colour pat-
terns of bird feathers or the design of butterfly wings.

These signals are utilized to maintain social cohesion
in groups, populations, guilds and communities and
in reproductive behaviour.

The semiology of sounds is part of this ecosemi-
otic universe that until now has provided only a mi-
nor amount of information. However, studies on nat-
ural and human sounds have recently experienced a
promising spring opening, a grand vista on a new
unexplored world of acoustic signs [Farina, 2014];
[Farina & Gage, 2017]. The advent of bioacoustics
[Fletcher, 2014] and the recent development of ecoa-
coustics have shed new light on the complexity and
diversity of bio-ecological processes.

A multitude of organisms produce sounds to acti-
vate and maintain intra- and inter-specific commu-
nication, navigate across the landscape and track re-
sources. Passive/active sounds are extraordinary ve-
hicles of information and meaning through natural
and human-modified habitats. Although they have
not received much attention, sounds are dominant
phenomena in several environments. For instance,
wind and rain are penetrative and persistent sounds
that often mask or alter the majority of biological
sounds. The spectacular falls of the Niagara River
wouldn’t be so majestic without the deafening sound
of the river making a 99-meter leap. Bird choruses in
the morning twilight in temperate and boreal forests
or the insects’ and frogs’ daily choruses in tropical
forests are examples of the degree of the dominant
effects of this sonic phenomenon.

The roles of sounds and their application to the ev-
eryday life encouraged Stuart Gage, a pioneer in this
field, to conceive that sounds are a powerful tool to
listen the Earth’s beat. Bernie Krause, composer and
field recordist, considers sounds to be a celebration of
the magnificence of the biodiversity offered by organ-
isms as their choruses operate like "a natural orches-
tra" [Krause, 2012]. A decrease in the abundance of
individuals in a population or a reduction in the num-
ber of species in a community reduces the quantity
of sounds released. Several decades ago, the reduc-
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tion of biological sounds was used by Rachel Carson
to denounce the Earth’s degradation [Brumm, 2009]
as consequence of the abuse of pesticides were impor-
tant causes of bird decline after the second world war.
In particular, DDT and its relatives alter birds’ calcium
metabolism which results in thin eggshells.

In the field of biodiversity conservation, sounds
are extraordinary testimonials of thousands of unde-
scribed species that are at risk of extinction before hu-
manity can classify them for the first time. "Fragment
of extinction" is a wonderful program carried out by
David Monacchi, composer and music professor at the
Giacomo Rossini Conservatory in Pesaro, Italy. This
scholar has tested innovative recording technologies
based on multichannel devices in primeval forests of
Borneo, Ecuador and Central Africa. The acoustic files
collected in this way return a multidimensional sound
used for a more realistic reproduction in a dedicated
exhibition theatre, "the sonosfera" [Monacchi, 2016].

Natural sounds and the sounds produced by ma-
chines have a contact in hybrid landscapes where hu-
man intrusion intercepts the natural processes, reduc-
ing the level of spontaneous functionality of the envi-
ronment. The diffusion of hybrid landscapes, charac-
terized by a blend of undisturbed and modified habi-
tats, poses a great challenge to the conservation of
natural habitats, their dynamic processes and biodi-
versity.

2 Ecoacoustics: a short presenta-
tion

The ecological study of sound has been carried out in
recent years by a new branch of ecology: Ecoacous-
tics [Sueur & Farina, 2015]. After a world congress in
2014 in Paris, scientists attributed the name "Ecoao-
custics" to the study of sounds under an ecological per-
spective. Ecoacoustics is the result of the integration
of other disciplines like physical acoustics, bioacous-
tics, ecology, animal behaviour, biotremology, land-
scape ecology and ecosemiotics [Farina, 2022]. Fig-
ure 1 depicts a scheme of the sources, epistemologi-
cal references, tools and applications offered by ecoa-
coustics.

Ecoacoustics has been recognized as an umbrella
discipline that offers a scientific and cultural "niche" to
several aspect of the sonic domain. Soundscape ecol-
ogy, a term used before 2014 to indicate the study
of sounds across a landscape, was recognized as a
branch of ecoacoustics. Scholars were aware that the
epistemological and semantic aspect of the study of
environmental sounds was of primary importance to
offer a clear vision of this subject.

Sounds in ecoacoustics are processed according
to two major acoustic fundamentals: Frequency
and Amplitude. The quantitative analysis of fre-
quencies (represented by a spectrogram) is possible
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Figure 1: The epistemological domain and its competences
[Farina, 2022].

thanks to indices like the Acoustic Complexity In-
dex [Pieretti et al., 2011], the Normalized Difference
Soundscape Index NDSI index [Gage & Axel, 20141];
[Kasten et al., 2012], [Harris et al., 2016]] and their
implementation. There are more then 60 indices
available to ecologists to dissect sound and to re-
turn quantities and qualities [Sueur et al., 2014];
[Gasc et al., 2015]].

3 The ecological and ecoacoustic
paradigms

Before exploring the level of similarity between land-
scape ecology and soundscape ecology, we make a
connection between ecoacoustics and some ecologi-
cal paradigms like habitat, community and niche.
Ecological habitat and acoustic habitat

The habitat is a geographical area that guaran-
tees most resources for a species [Farina, 2012]. In
ecoacoustics, the acoustic habitat is a geographical
area characterized by sounds that are perceived as
favourable to a species. For instance, some species
avoid the urban soundscape but others find this
soundscape at least neutral [Mullet et al., 2017]. The
acoustic habitat represents the acoustic resources nec-
essary to a species to settle down and find other re-
sources.

Ecological community and acoustic community

The ecological community consists of aggregates
of groups of various species occupying the same
geographical area at the same time. In ecoacoustics,
the acoustic community is defined as an aggregation
of species that produce sounds by using internal
or extra-body sound-producing tools. An acoustic
community is composed of only soniferous species
and has an ephemeral life, regulated by solar dy-
namics [Farina et al. in prep.]. For instance, an
acoustic community active during morning twilight is
substituted by another after sunrise. The same may
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happen at evening twilight when bird choruses are
substituted by nocturnal insect choruses. Acoustic
communities also change during a season and across
different regions.

Ecological niche and ecoacoustic niche The ecological
niche is a central paradigm in ecology because it
conjugates evolutive and adaptive processes with
environmental constraints. This concept has attracted
generations of ecologists for more than a century,
feeding a scientific debate headed by Joseph Grinnell,
Charles Sutherland Elton and G. Evelyn Hutchinson.
For Grinnell, a niche is the habitat in which a species
lives [Grinnell, 1917]. For Charles Sutherland Elton
the niche is the place where an animal is in relation
to food and enemies [Elton, 2001]. For Hutchin-
son, niche is a "'n-dimensional hypervolume" where
the dimensions are realized by the environmental
condition and resources [Hutchinson, 1957]. In
ecoacoustics, the acoustic niche is the frequency
repartition that distinguishes one species from
another and may be considered one axis of the eco-
logical niche. This hypothesis has been introduced
by Bernie Krause [Krause, 1987]; [Krause, 1993]
to explain the contemporary presence of singing
species that use different frequencies to avoid an
acoustic overlap. Today a growing mass of evidence
confirms this hypothesis, especially in frogs, in-
sects, birds and bats (e.g., [Sinsch et al., 2012];
[Schmidt & Balakrishnan, 2015];

[Gomes et al., 20211).

4 Landscape ecology and sound-
scape ecology: an example of
epistemological interaction

Landscape ecology is a branch of ecology and has
a main goal of investigating the geographical di-
mension of ecosystems. It was developed in Cen-
tral Europe at the beginning of the last century and
achieved popularity in North America at the end of
the nineteen-eighties thanks the great contribution of
botanist Richard Forman [Forman & Godron, 1986]
and agronomist Frank Golley, founder of the jour-
nal Landscape Ecology, just to cite two of the most
influential figures. In Europe during the same pe-
riod, thanks to the contribution of ecologists like Zev
Naveh and Wolfgang Haber, landscape ecology de-
veloped a more cultural integrated approach linking
the spatial pattern of the environment with cultural
stratification, identity and human values attributed to
landscapes [Naveh, 1990]; [Haber, 2004]. In synthe-
sis, landscape ecology focuses on the spatial distribu-
tion of vegetation, the movement of animals across
an environmental matrix and the influence of human
transformation of the landscape [Wiens, 2002]. Be-
cause the spatial distribution of sounds across a re-
gion is influenced by the characteristics and dynam-
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ics of the landscape, landscape ecology has been a
source of inspiration to develop new ecoacoustic theo-
ries and experiment on novel indicators to assess and
monitor the environment [Pijanowski et al., 2011a];
[Fuller et al., 2015]. The relationship between
landscape attributes and soundscapes is the ob-
ject of interesting studies on behavioural ecology
[Laiolo & Tella, 2005]; [Briefer et al., 2010].

Sounds are so important in the natural world that
we have no hesitation to call the acoustic universe
around us a "sound-scape", using a substantial mod-
ification of the more popular term "land-scape". Ac-
cording to the source, a soundscape is the result
of the overlap of geophonies (e.g., running water,
rain, wind, sea waves), biophonies (e.g., bird song,
insects, fishes calls), anthropophonies (e.g., human
voice) and technophonies (e.g., movement of cars,
trains, airplanes, music) [Pijanowski et al., 2011a];
[Pijanowski et al., 2011b].

Sounds are present in every type of fresh-
water, marine and terrestrial environment. Ev-
ery environment/habitat/landscape has a specific
sonic ambience that concurs to create a strict re-
lationship with different abiotic and biotic com-
ponents of the ecosystems [Tonolla et al., 2010];
[Staaterman et al., 2013]; [Gottesman et al., 2020].
Soundscape ecology, as a branch of ecoacoustics, in-
vestigates the distribution of sounds across the land-
scape. Thus, the first point in common between land-
scape ecology and soundscape ecology is the geo-
graphic dimension in which sonic processes occur.
Sounds spread across the spatial structure of a land-
scape and are influenced by such a configuration
with a strong impact on the behaviour of species
[Laiolo & Tella, 2005]; [Briefer et al., 2010]. Land-
scape ecology and soundscape ecology are examples
of semantic and epistemological interactions. To bet-
ter understand the epistemological link between land-
scape ecology and soundscape ecology, it is useful
to examine separately the patterns and the processes
that occur across a landscape. According to the Amer-
ican school [Forman, 1995], a landscape is composed
of a mosaic of spatial units (patches) with homoge-
neous characters. Composition, size, shape and spa-
tial distribution are the major attributes of these units
that are the result of alternation between vegetation,
bare soil, water and human settlements.

The spatial distribution of different sounds cre-
ates homogeneous units like landscape patches that
we call "sonotopes" [Farina, 2014] composed of the
combination of geophonies, biophonies and techno-
phonies. When we consider only the distribution of
biophonies, we call such aggregations "soundtopes"
[Farina, 2014] (Figure 3). Soundtopes are the geo-
graphical representation of the acoustic communities.
In landscape ecology ecotones are areas of connection
between two or more different patches. In sound-
scape ecology the areas of contact between two or
more sonotopes/soundtopes are called sonotones and
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Figure 2: Functional units in ecology and ecoacoustics.
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Figure 3: Comparisons between landscape and soundscape
structural entities.

soundtones, respectively.

Disturbance, fragmentation, connectivity, connect-
edness and corridors are further elements in common
between landscapes and soundscapes.

Disturbance

Disturbances such as a wildfire, a flood or the
spray of pesticides are common processes in land-
scapes, originating new patterns and processes
[Rykiel Jr, 1985]; [Rundel, 1998]. In ecoacoustics,
disturbance is represented by the competition be-
tween sounds that have the same frequencies. For
instance, technophonies with high amplitudes that
commonly occur in urban areas have frequencies
that overlap the same frequencies of biological ori-
gin. In this case the masking of a dominant
sound (e.g., car traffic) at a higher amplitude over
weaker sounds originated by biophonies is commonly
known as noise and produces changes in the acous-
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tic performance of soniferous species. Noise rep-
resents one of the most popular themes in ecoa-
coustic research [Erbe et al., 2018]; [Fletcher, 2012];
[Brumm, 2013].

Fragmentation

Fragmentation is a process by which homoge-
nous areas are transformed into isolated fragments
of different sizes and levels of separation accord-
ing to the severity of the natural disturbances (e.g.,
wildfires, tornados, tree gaps) or the level of hu-
man intervention (deforestation and urbanization)
[Lindenmayer & Fischer, 2013]. Fragmentation has
consequences for several organisms that move across
the landscape and that perceive the spatial configura-
tion at different level of connectivity. In ecoacoustics
this process has direct consequences with the sepa-
ration between intraspecific acoustic sources. For in-
stance, the isolation of a singing bird from another
conspecific singer or from eavesdropping reduces or
prevents intraspecific communication. Acoustic frag-
mentation may also be observed at the scale of an
acoustic community. In this case, acoustic fragmenta-
tion is noticed as a high value of dissimilarity between
two sampled positions [Farina et al. in prep.].

Connectivity and connectedness

The habitat is part of the environment that a
species perceives as favourable/suitable for finding
all the necessary resources to stay alive. Connec-
tivity measures the way in which organisms main-
tain a functional contact with their habitats. When
part of the necessary resources are located in an-
other geographical area a species must travel to track
those resources across a hostile environment. The
amount of travel and the friction suffered while cross-
ing such unfavourable environments to move from a
part of a habitat to another is measured as the level
of connectivity and remains species-specific. Con-
nectedness, on the contrary, is the physical distance
between two patches that have the same charac-
ters, and this variable is independent of the species
[Baudry & Merriam, 1998]. These two concepts find
some difficulties in being translated into the ecoa-
coustic domain. For instance, we can assume that
the presence of a physical obstacle like a ridge, bar-
riers like a row of dense, tall vegetation or a noisy
stream may prevent the propagation of sound. When
an area is favourable for several individuals of the
same species, acoustic connectivity is potentially high.
Landscape connectivity has been demonstrated as in-
fluencing acoustic communities and the diversity of
the acoustic community [Desjonqueres et al., 2018].

Corridors

In fragmented habitats, corridors represent a strat-
egy to connect isolated patches of habitat offering an
amount of favourable habitat sufficient to guarantee
the transit of species from one portion of habitat to an-
other (e.g., [Xu et al., 2019]). Ecoacoustic corridors
are represented by a portion of an acoustic commu-
nity represented only by one or a few species that are
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sufficient to guide other conspecifics.

5 The anthropological
tance of soundscapes

impor-

The study of the relationships between natural and
anthropogenic sounds is gaining a growing interest
worldwide [Schafer, 1994]; [Samuels et al., 2010].
Sound analysis is fundamental to investigate biodiver-
sity and the human impact on terrestrial and aquatic
systems. Sounds are sources of information on pop-
ulation and community dynamics. The phenologi-
cal phases of sounds, called sonophases [Mullet et
al. in prep.], may be used as a proxy of the long-
term climate change or simply to document the ef-
fect of environmental manipulation by human ac-
tion. Sounds are characterized by a high capacity
to integrate different epistemological approaches and
have been sources of inspiration by our ancestors, a
way to reduce the philosophical distance between the
real world and the spiritual world beyond. Sounds
have been used in sacred ceremonies in all the reli-
gions and historic periods. The use of instruments
like drums (universally used by all the ancient peo-
ple) or the bullroarer (used by Australian aborigines)
that mimics the sound of nature have encouraged
this cultural approach. It is important to spend more
words on this subject that is investigated by archeo-
acoustics, a branch of acoustics that tries to connect
space, the position of ancient monuments and sacred
sites as resonant boards [Diaz-Andreu et al., 2022].
For instance, the location of a sacred/dangerous place
close waterfalls in the Virginia Blue Ridge Mountains
is an example of utilization of the sound of a wa-
terfall as a sensory experience. The location of vi-
sual motifs in Upper Paleolithic caves and acoustic re-
sponses seem correlated, confirming that sound could
have influenced the behaviour of Paleolithic societies
[Fazenda et al., 2017].

Modern anthropogenic sounds contribute to the
identity of a place and the disappearance of charac-
teristic sounds and may reduce the identification and
recognition of a place. The sounds become an inte-
gral part of every landscape and may be considered
true landmarks. Sounds are recognized in the same
way as mountain peaks or other scenic environments.
In particular, in rural landscapes the sounds of nature
are mixed with the sounds of human activities, cre-
ating a unicum that becomes an important compo-
nent of the local culture. The decennial land abandon-
ment of rural areas in most of the world contributes to
the loss of this intangible resources. For instance, on
Gomera Island the whistle of residents represents a
language based on sound modulation [Classe, 19571;
[Lindblad, ]. This "language" developed in an en-
vironment with a steep morphology, rich in vertical
walls separated by deep canyons. The great difficulty
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of crossing the territory has produced the whistles as
a semiotic tool of human communication.

Education from sounds

Our ancestors utilized passive sounds to localize
prey and prevent predator attacks in the savanna and
forest in which they were wandering in search of prey,
seeds and fruits. In modern societies this attitude has
been forgotten but not erased in our genetic heritage
and the rediscovery of sounds eliciting a great number
of dormant sensations. According to the ecosemiotics
narrative, natural sounds may be considered optional
resources according the GTR [Farina, 2012] that be-
come necessary to achieve some spiritual and psycho-
logical goals. The human well-being is also passing
through the presence of natural sounds. The recent
history of honeybee therapy that uses the sounds pro-
duced by thousands of wings flapping (buzzing) from
the interior of a hive teaches us about the importance
of this sound in alternative medicine and opens new
modalities to recover from several diseases. If sound is
important for the scientific advancement, in the same
way it is a relevant subject for a permanent educa-
tion of "common" people. Today, new technologies of
digital communication based on the transmission of
information from satellite internet allows deployment
of microphones in remote regions of the Earth to hear
live-streaming of the environmental sounds to obtain
a useful and educational tool available to every cate-
gory of people.

For instance, the "Locus Sonus Stream Project ! of-
fers a worldwide network of "open mikes" that perma-
nently stream local soundscapes to a dedicated server.
The resulting live audio is used in a large variety of
artistic projects.

A recent project (December 2022) of the Fivizzano
Commune of Northern Tuscany, EcoSoundscape? of-
fers the soundscape from four mikes that stream all
day from different rural landscapes. The website pro-
vides detailed information about the locations, the
species and also offers a "scientific diary" in which rel-
evant acoustic events are published (Figure 4). This
project will receive a further implementation with the
automatic identification of the species by applying
techniques of machine learning that allow the auto-
matic identification of species. The original files are
stored in a temporary memory located in the device
and can be downloaded on demand for scientific data
processing and analysis. The creation of a net of such
devices in a region will allow us to monitor changes
in animal phenology, biodiversity composition and dy-
namics and assess the level of human intrusions, just
to list some of the potential services offered by this
technology.

Recently, thanks to the new algorithms of arti-
ficial intelligence (AI) are available platforms that
identify bird species in real time and are grow-

LThttps://locusonus.org/wiki/index.php?page=Locustream.en
2https://Ecosoundscape.it
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Figure 4: A SET™ (Lunilettronik.it), a station used in the
Eco-Soundscape project ® for the International In-
stitute of Ecoacoustics.

ing projects in so-called citizen science that may be
defined as public participation in scientific projects
[Eitzel et al., 2017]. For instance, BirdNET is a cit-
izen science platform launched by the K. Lisa Yang
Center for Conservation Bioacoustics at the Cornell
Lab of Ornithology®. BirdNET is also a software that is
used to analyse large collections of audio. This appli-
cation can identify 3,000 of the world’s most common
species and the list will be enlarged in the future.

An active role from citizen science is realized by
Merlin, a platform launched at the same laboratory,
that can transmit a record from a smartphone to a
server that will be associated with the GPS position
of the smartphone in the locality in which the contact
is established. In this way, a great amount of acous-
tic information can be harvested around the world,
creating an open data bank that can be accessible to
scientific processing and evaluation.

6 Concluding comments: Sound
as an ecosemiotic barrier to
Earth’s degradation

Sounds, conceived as a tangible resource actively

tracked by soniferous species to satisfy functions
like reproduction, territorial patrolling, socialization,

Shttps://birdnet.cornell.edu/
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safety assessment, navigation and habitat selection,
are also efficient vehicles of eco-semiotic interactions
at the scale of individuals, populations and commu-
nities. Many of the vital traits of organisms are
guided and shaped by emitted and received sounds.
Sounds create a network of dynamic interactions that
converge into the semiotic agency of the "acoustic
community”. Sound is probably the least expensive
ecosemiotic vehicle to transfer information between
organisms. Sound is a dynamic and independent vec-
tor according to who is hearing it and complete in-
formation is associated to it. Its ecosemiotic nature
is confirmed and represents the best way to track
biodiversity or to assess environmental quality with-
out moving through a hostile environment or disturb-
ing the source. In conclusion, while biodiversity is
currently decreasing at an alarming rate and species
change their habitats or suffer from phenological mis-
matches, natural sounds represent the most accessible
tool to investigate environmental quality.
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Abstract

According to Meyer, the musical style gradually
evolves through the normalization of deviations
and the creation of new ones. This raises the
question of continuity and interaction between the
music of the past and the future, in particular for
the music of the last century and the current one.
The writer's algorithmic composition library,
FDSDB_XXth_CT,' for OpenMusic, devoted to
compositional techniques of the twentieth century
and beyond, can fit into this panorama,
contributing to the continuity between past,
present and future. After a brief description of
general concepts, we move on to describe the
overall structure of the library menus, the functions
introduced in the updating phases, and those
planned for the next release, exemplifying some
patches. The compositional techniques globally
refer to composers such as Schonberg, Berg,
Webern, Babbitt, Boulez, Carter, Donatoni, Ligeti,
Maderna, Manzoni, Messiaen, Nono, Stockhausen,
Xenakis, and soon also Harvey and Eimert. The
possible dangers inherent in an unaware use of
these tools are also highlighted during the paper,
and the benefits and applications are described in
the conclusions, both for composition and for
teaching, as well as possible uses for electronic
composition.

FDSDB stands for the initial letters of my first name and

my two surnames, XXth refers to the last century, CT

stands for “Composition Techniques”. You can download

it from the following page:

https:/ /sites. le.com/site /fdsdbmascagni
xxth ct-per-open-music-1.

de/fdsdb

1 Introduction

Meyer defines style as a system of relations
between sounds, characterized by exact
probabilistic relationships.> The most frequent
procedures establish the normative components,
the less frequent ones represent the deviations.
Precisely because they are rarer, deviations create
the expectation of solving a problem posed by their
very occurrence, and thus produce an affective
reaction, and a series of interactions — anticipations
and feedbacks — between what the listener expects
and what will actually occur in the unfolding of the
music. The stylistic evolution occurs when the
most experimental composers, impelled by a more
fervent expression, use a larger number of
deviations than the average, deviations that, in the
long run, stabilize and become the normative
procedures of the next stylistic stage. In Meyer's
perspective, mainly aimed at the tonal system, we
find an evolution that is essentially continuous.
How can we reconcile this position with twentieth
century music and current compositional
production? Or again: what place can the
compositional techniques of the recent past occupy
in today's composition? The writer's algorithmic
composition library, FDSDB_XXth_CT, devoted to
compositional techniques of the twentieth century
and beyond, proceeds from the reversibility of
musical analysis and compositional techniques,’
formalizing in algorithms a series of compositional
processes derived from one's own music analysis
or those of others, finally arriving at the realization

2 [Meyer, 1992], p. 77.
*  [Bent, 1990], p. 2.
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of a library for OpenMusic.* Compositional
techniques, musical analysis and aesthetics
according to Bent are in fact elements distributed
along an axis. In this sense, the path from the
finished work to its constituent cores is
substantially the reverse in musical analysis and
composition. That is, just as the analyst can come to
define the main cores of a work, so the composer,
starting from a few basic elements, can arrive at the
finished work.

The library object of this contribution can have
different purposes and applications, which will be
illustrated at the end, but at the same time it could
also arouse a certain compositional automatism,
reducing the compositional techniques of the past
to passive instruments, without a real awareness of
personal compositional and aesthetic processes.
Moreover, this danger is always present when we
place ourselves in front of assisted musical
composition and information technology tools in
general.5 However, we would like to make
Donatoni's statement our own: «I am almost
certain I can share the opinion according to which
composing cannot be taught if with this expression
one wishes to consider the inventive act considered
in its entirety. [...] It may happen, however, that the
dormant inventiveness of a young person needs
any discipline in order to wake up. [...] It is within
the framework of this discipline that [...] the means
[...] that make up any compositional process can be
taken into consideration.»®

Computer-assisted musical composition can then
be considered a tool of rapid and precise
development of the musical material and of the
composer's intentions, and also a mean of
preserving and transmitting a heritage of
compositional techniques of the past, as well as a
source of stimulus for 'l'inventiva assopita”,
towards new solutions and personal inventions.
Trying, we hope, to create an interactive bridge
between past and present, towards the future, in
order to recover that continuity which we
mentioned earlier in relation to Meyer.

In this paper, after brief notions of a general nature,
the structure of the library object of this
dissertation is presented, illustrating some of the
updates made with respect to what has already
been described elsewhere,” and previewing those
of the next release, to end with some conclusive
considerations.

2 The assisted composition

OpenMusic is an algorithmic composition software
developed and maintained at Ircam:

See also what is discussed finally in [De Sanctis De
Benedictis, 2018].

6 [Donatoni, 1982], pp. 83-84. Translation by the author.
We again refer to [De Sanctis De Benedictis, 2018].
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Computer-assisted composition, or algorithmic
composition, is the musical composition that uses
algorithms, that is a series of unambiguous,
detailed and finite instructions, which can be
interpreted and executed with speed and accuracy
by a computer program or by an automaton. The
approach to this discipline can be constructive or
declarative, that is the computer program can be
used for the production of musical material, or the
actual creation of a composition that responds to
constraints imposed by the user.® Almost all the
functions of the library object of this paper follow a
constructive approach. However, by combining
some functions together it is possible to arrive at
the determination of complete compositions or
compositional fragments, with a very similar
approach to the declarative one, although without
the aid of constraint programming.

3 The library FDSDB_XXth_CT

A library is a piece of software that adds new
functionalities to an existing computer program.
FDSDB_XXth_CT presents numerous functions
related to the composition techniques of composers
of the last century and beyond. With a few
exceptions, it appears that extensive work has
never been done in this area,’ at least as far as we
know. Its main menu is divided into:
Dodecaphony, Serial-postserial music, PCST
(Pitch-Class Set Theory), Rhythm, Pitch, Utilities.
Each item is divided into submenus which include
the techniques of composers who have used that
particular system: under Dodecaphony we have
the items Schoenberg, Berg, Webern, Babbitt; about
serial and post-serial music we find Babbitt,
Boulez, Carter, Donatoni, Ligeti, Maderna,
Manzoni, Messiaen, Nono, Stockhausen, Xenakis;
PCST includes functions for composing with
pitch-class sets, mainly referring to the theoretical
work of Robert Morris;' the Rhythm menu
includes generic development tools for the
duration parameter; under Pitch we have other
tools for the pitch parameter; finally Utilities menu
contains utilities to facilitate the work with the
functions of this library.

The addressed compositional techniques are many,
and each function is accompanied by a specific
inline documentation, as well as specific examples
that can be showed by selecting the function and

8 About constraint programming we refer to [Truchet —

Assayag, 2011]. About the concepts of constructive and
declarative approach to algorithmic composition we refer
to [Agon — Assayag — Bresson 2006] e [Bresson — Agon —
Assayag 2008].

We can remember an algorithmic formalization of the
compositional process of Achorripsis by Xenakis, made by
Michail Malt in Open Music, and libraries like OMTristan
or Esquisse that contain functions relative to spectral
composition techniques.

1 [Morris 1987, 1991, 2001].
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pressing the “t” key on the computer keyboard.
Tutorials are also available. The documentation
and the examples show the bibliographic source
from which the compositional technique was
taken, subsequently formalized and verified in an
OpenMusic patch, finally coded in LISP language
to create the library function.

In a previous article we have already discussed
version 1.0 of the library," here, in order to avoid
unnecessary repetitions, we would like to illustrate
the steps taken to upgrade to version 1.1 and 1.2, as
well as to mention some of the features that will
soon be implemented in the next update. In Figure
1 the scheme of the main menu of the library and
the sub-menu related to Messiaen's compositional
techniques.

NRE NED
> | NRR-USER-POLY
Xenakis > | NRR-RANDOM-MONODIC

TURANGALILA-MULT

1
TURANGALILA-DIV

Figure 1: Library menu structure

4 Updates to version 1.1 and 1.2

In version 1.1, the work set up for a Masterclass
held during the academic year 2020-2021 at the
Sassari Conservatory — together with my friend
and colleague Francesco Maria Paradiso, and
focused on the figure of Messiaen — mainly
merged. The writer's role concerned the
implementation  in  OpenMusic  of  the
compositional techniques described and the
explanation of the mechanism of the involved
functions. Some of those were already present in
the first version of the library, this occasion gave
the starting point and the possibility to expand
them, to include almost all the compositional
processes described in Tecnica del mio linguaggio
musicale."” In Figure 2, for example, we find a patch
relating to the automatic development of a
rhythmic pattern similar to the 14th-century Talea.

I [De Sanctis De Benedictis, 2018].
12 [Messiaen, 1944-1999].
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Figure 2: The talea function.

The function receives the following parameters as
input:

e proportions of the duration of the first
rhythmic module — (332 2)

e proportions of the duration of the second
rhythmic module - (211122)

e rhythmic unit of measure in milliseconds,
here 250, equivalent to the sixteenth note
with the quarter note set to 60

e last four parameters related to rhythmic
quantization

In Figure 3 we can see the complete result in
musical notation. The convenience of this function,
and more generally of computer assisted
composition, consists in the fact that to obtain other
results we have just to change the initial
parameters, without having to rewrite the whole
algorithm from scratch.

Figure 3: The result of the previous function.

In the next update is already foreseen a function
that allows to use not only two modules, as
reported in the examples in the Messiaen treatise,
but also more than two. In Figure 4 the preparation
and verification patch for the subsequent addition
of this function to the library.
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Figure 4: The patch relating to the next
implementation of the talea-n function.

This is not the place to explain in detail all the
functions used and the logic of the algorithm. We
can simply say that in the left part of the figure we
have the implementation of the algorithm through
the native functions of OpenMusic or of the LISP
language in general.” The function in the right part
of the figure, denominated "lispfunction", contains
the LISP code built on the model of the objects
used in the previous algorithm. It is essentially the
coded version of the "visual" algorithm, so to
speak, of the left part of the figure. It will be this
code, with a few necessary additions, to be used for
the realization of the specific object of the library,
talea-n. The resulting advantage consists in having
a single object instead of ten or more functions of
the starting algorithm, thus being able to develop
more complex combinations with greater
immediacy and in less visual space.

In Figure 5 we report the contents of lispfunction.

Figure 5: The LISP code contained in the

3 LISP is the programming language on which OpenMusic is

based.
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lispfunction object.

Figure 6 instead shows the musical result of the
previous algorithm, which will be identical both
evaluated through the functions of OpenMusic and
through the LISP code.

S=8E SSss=—====sJ=s=SE8 =%

o e e oo o | o o e se
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3
I
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Figure 6: Result of Figures 4 and 5.

The input parameters are, in order:

e the list of proportions lists, one for each
voice — ((32) (21) (1 3))

e the list of multiplying factors for each voice
— (250 500 750), i.e. sixteenth note, eighth
note, dotted eighth note

e the rhythmic quantization parameters in
the last four inputs

In the wupdate to version 1.1 Messiaen's
compositional techniques have been enriched to
the point of having a situation like the following:

e limited transposition mode theory,
including functions for detecting common
notes between two modes and
complementary sets

e various types of chord sequences such as
chord canons, rhythm canons, rhythm
pedal, modal successions, etc.

e various ways of managing regular and
irregular rhythmic augmentation and
diminution, including the addition of the
point

e rhythmic canons of different types, by
augmentation, by adding a point, by
retrogradation, etc.

o different techniques related to
non-retrogradable rhythms, including the
creation of random rhythmic polyphonies
or determined by user parameters

e various forms of melodic permutation, use
of interval cells, circular series, repetition
of a sequence of notes with progressive
elimination of pitches from the end

In version 1.2 they have been implemented: quarter
tone series, series with specific interval relations, as
in Klang by Stockhausen, Babitt's time points
system, the twelve-tone matrix in music notation,
techniques derived from Lumen by Donatoni,
tendency masks, techniques taken from Canto
Sospeso by Luigi Nono, inversion in space of
absolute pitches (P-Space), random asynchronous
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rhythms. In the next version, probably the number
1.2.1, in addition to the cited talea-n, they will be
introduced techniques taken from:

o Jonathan Harvey (Quartetto n. 1, Ritual
Melodies)

e an additional version of Ligeti's Lux
Aeterna polyphony

e various forms of development of a
twelve-tone series, desumed from Eimert
and Berg

Similar work is expected in the future for some
analytical methodologies.

5 Conclusions

About the possible purposes of this library we have
already mentioned the dissemination, preservation
and enrichment of the compositional techniques of
the past, with a view to continuity with the future,
encouraging an effective interaction between past,
present and future. An additional advantage in
adopting a this library, if you choose to use the
described techniques, consists in freeing the
composer from the tiring work of development of
the compositional material, allowing him to focus
more on results and processes, on music. A
non-negligible aspect is then the use in teaching,
being able to immediately show examples of even
complex processes, listening to the sound result by
means of the MIDI implementation possibilities
given by the software. A further particular, and
often fruitful, use may consist in combining these
tools with audio synthesis and spatialization, using
other OpenMusic libraries such as OMChroma,
om2csound, om4dcsound, Modalys, OM-Chant,
OM-pm2, OM-5Spat, OM-SuperVP, OMPrisma,
obtaining potentially unprecedented results.
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Abstract

The ASMA project (Assistance for Singing and Mu-
sic Aesthetics) studies the social and aesthetic im-
portance of vocal training in elementary schools, un-
der the prism of contemporary teaching methods and
the informed use of assistive educational tools. The
aim of this project is the development of an interac-
tive educational tool-suite supporting vocal instruc-
tion and correct singing practices in the Greek ele-
mentary school music courses. This work presents
the revised ASMA Tool-Suite in its entity, after the
necessary revisions that followed its original testing.
The ASMA tool-suite consists of (a) Vowel Maps and
Phonetograms, (b) Vocal Quality Tools, (c) Rhythmic
and Melodic Tools, and (d) Polyphonic Tools, offer-
ing a wide range of vocal analysis and tuning tools,
as well as vocal warm-up and training exercises. The
Tool-Suite is accompanied by a “Guidebook of Proper
Vocal Practice and Instruction for Elementary School
Teachers”, providing teachers with a fundamental sci-
entific, aesthetic, empirical, and technological back-
ground, necessary to better incorporate singing in the
elementary school classroom.

1 Introduction

The act of singing is a very powerful tool in the
hands of music teachers as it is a natural way of
introducing students to, otherwise rather complex,
music concepts, such as melody, rhythm, dynamics,
form etc, while also promoting the children’s well-
being [Welch et al., 2014]. Nevertheless, vocal in-
struction in Greek elementary schools is challenging
for several reasons, including but not limited to i)
the reduced time music instruction occupies in the
weekly curriculum (once a week), ii) the lack of spe-

cialized classrooms, acoustically treated and prop-
erly equipped for music lessons, and iii) the fact that
the majority of music teachers does not have the
proper expertise to approach children vocal instruc-
tion effectively [Sotiropoulou Zormpala et al., 2015].
Based on the above observations, it becomes ev-
ident that music instruction in Greek elementary
schools needs to be reformed through the use of
a modern educational model, employing contempo-
rary teaching practices and educational tools which
will tailor music instruction to needs of the students
[Stavropoulou et al., 2014].

Over the past two decades there has been an in-
crease in the number of academic or commercial
software tools enriching music instruction and pro-
viding opportunities for personalized learning expe-
riences to students. There exists evidence show-
ing that such tools can widen the students’ vocal
range and help them become conscious of their voices
[Fuchs et al., 2009]. These tools monitor a wide va-
riety of parameters, such as pitch / tonal accuracy,
rhythm precision, formant analysis, spectral qualities,
or even electroglottograph (EGG) indications, in an
attempt to affect the students’ singing voice develop-
ment and musicianship, in general [Tu, 2020]. Ex-
amples of such tools include but are not limited to
Voce Vista! and AIRS (Advancing Interdisciplinary
Research in Singing) Test Battery of Singing Skills
[Gudmundsdottir & Cohen, 2015]. For a compre-
hensive overview of such software, including both
scientific prototypes and commercial products, see
[Andreopoulou et al., 2021].

ASMA (Assistance for Singing and Music Aesthet-
ics)?, is a 2-year research project, funded by the
H.F.R.I. (Hellenic Foundation for Research and Inno-

L https://www.vocevista.com/
2 https://asma.music.uoa.gr
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vation), which studies the social and aesthetic impor-
tance of vocal training in elementary schools, under
the prism of contemporary teaching methods and the
informed use of assistive educational tools. Within
this scope, ASMA has focused on the development
of an interactive educational tool-suite supporting vo-
cal instruction and correct singing practices in ele-
mentary school music courses. Prototype versions of
selected tools from the project have been published
in [Andreopoulou et al., 2021, Angelakis et al., 2021,
Kotsani et al., 2021]. This work will present the
ASMA Tool-Suite in its entity, after the necessary re-
visions that followed the Alpha testing period, dur-
ing which, constructive feedback was collected from
members of the extended project team, the external
project advisors, and selected user groups.

2 The ASMA Datasets

Three distinct periods of audio sample collection from
students and adults speech and singing voices, choir,
or solo recordings, resulted in the creation of a rich
dataset with annotated audio samples. More specif-
ically, the first two periods consisted of solo student
voices, recorded and used for the design and imple-
mentation of the analysis and assessment tools of solo
voices, and the third included recordings of selected
children choirs, which was used for the design and
implementation of tools assessing accuracy and coor-
dination in polyphonic settings. An additional dataset
of warm-up vocal exercises, melodic and rhythmic ex-
ercises, and scales in various tuning systems was com-
piled for the implementation and enrichment of the
Melodic and Rhythmic Tools.

3 The ASMA Tools

The initial stage of the ASMA project included the cre-
ation of a “Guidebook of Proper Vocal Practice and
Instruction for Elementary School Teachers”, which
accompanies the proposed manual and digital tools
listed within the next subsections. This guidebook is
intended to assist teachers, by providing them with
the fundamental scientific, aesthetic, empirical, and
technological background, necessary to better incor-
porate singing in the elementary school classroom.
The guidebook objective is two-fold: i) to help teach-
ers acquire a more concise knowledge and use of their
own voice, and ii) to equip them with information,
knowledge, educational strategies, and music tools,
enhancing and enriching the singing instruction of
their young pupils. This edification of the Elementary
School Music teachers is intended to make the mu-
sic lesson at school more efficient, enjoyable, motivat-
ing, and engaging, as well as safer both for the chil-
dren’s and the teachers’ voices. To this end, the guide-
book provides i) a thorough overview of the vocal in-
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strument (anatomy, physiology, acoustics) through a
practical approach, ii) edification on pertinent learn-
ing theories, psychology matters, methodological ap-
proaches, and advice on vocal health, and also con-
tains iii) an overview of vocal training basics (exer-
cises, repertory suggestions, etc.). The Guidebook is
supplemented by a database of appropriate music ma-
terial for use in the classroom.

3.1 Phonetic Maps and Phonetograms

This set of tools targets basic characteristics and qual-
ities in speaking and singing, the assessment of which
is fundamental in any attempt to characterize an in-
dividual’s voice. The Phonetic Map tool and the For-
mant Range Profile (FRP) tool, take as input a stu-
dent’s voice pronouncing the Greek vowels, and out-
puts a visualization of the user’s vowel pronunciation.
When the spoken vowels are used as input, the tool
extracts the first two formants (F} by F,) from the
audio files and outputs an F by F; static plot (Pho-
netic Map). When the sung vowels are used as in-
put, the user can choose to see how the first two for-
mants change over time. The Phonetic Map and the
FRP tools, help music teachers identify the way chil-
dren articulate each vowel when speaking and how
it is positioned in the articulatory space. In addition,
the FRP tool can be used for studying the homogene-
ity in a student’s singing voice timbre among the vari-
ous voice registers or among other students’ voices in
a choir (see Section 3.4. The output of FRP tool can
be seen in Figure 1.

The Vocal Range Profile (VRP) tool, otherwise known
as a Phonetogram, takes as input a variety of students’
vocal recordings gradually reaching their vocal range
extremes. The more information is given as input, the
denser a student’s Phonetogram is. The Phonetogram
tool helps music teachers determine the vocal range
of their students, as it visualises the calculated pitch
(fundamental frequency) by its dynamic level (sound
intensity).

Intensity [dB]

Fundamental Frequency [Hz]

Figure 1: The Output of the Phonetogram Tool
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3.2 Vocal Quality Tools

For the analysis of the students’ vocal qual-
ity, two novel tools for quantifying breathiness
and nasalitation in singing were implemented
[Angelakis et al., 2021, Kotsani et al., 2021]. The
Breathiness tool quantifies the breathiness char-
acteristic of the students’ singing voice using as a
parameter the Smoothed Cepstral Peak Prominence
(CPPS). In addition, using multiple linear regression,
a new index (CDH) for the quantification of the
breathiness characteristic is being introduced, which
is based on audio samples and EGG signal results
from the CPPS, DOQ, and HOQ parameters.

The Nasality tool quantifies the nasality characteris-
tic of the students’ voice based on the formant central
frequencies and bandwidths. Both tools take as in-
put an audio sample of a student’s voice pronouncing
the ’A’ vowel, and output a rating of the nasality and
breathiness quality of their voice.

3.3 Rhythmic and Melodic Accuracy
Tools

This set of tools, which is developed in Max/MSP, tar-
gets the improvement of the students’ tonal and rhyth-
mic accuracy, through practice exercises, tuning tasks,
and real-time qualitative and quantitative feedback.

The Digital Warm Up Tool (Figure 2) loads midi
files of melodic and rhythmic exercises in a variety of
scales, tempos, and levels of difficulty to be used by
the students for properly and effectively warming up
their voices prior to singing. A database of such exer-
cises (Section 2) is already pre-loaded in the tools, but
the collection can be further expanded by new, user-
defined entries. All exercises have recommended pre-
sets for the tempo and the optimal range of transpo-
sitions. Nevertheless, users can also choose to change
those to their preferred settings. The tool operates in
two modes: "student-view", which displays only the
score of the exercise to be sang, and “teacher’s view”,
which includes the melodic line accompaniment of
each exercise with a pre-count bar, as well as real-time
visual feedback of the student’s voice spectral charac-
teristics and their tonal accuracy. Both modes offer
the same parametrization option to the users. The
students can either just read the score and sing or
can choose to listen to the exercises in real-time via
head-phones.

The Beat Tracking Tool operates in two modes: as
a regular metronome and as a rhythmic trainer. In
its first functionality, the tool operates as a regu-
lar metronome, which the students can use to main-
tain a steady paste as they sing or train. Users can
parametrize the frequency of the metronome tone, as
well as its speed. In its second functionality, the tool
allows users to load rhythmic exercises, either from
a wide variety of presets (Section 2) or user defined,
and helps them train their rhythmic accuracy by pro-
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viding them visual feedback of their deviation from
the target onset times. In the “teacher’s mode” the
tool also displays statistics of the overall accuracy of
the students as they practice a certain rhythmic pat-
tern.

The Tuner Tool, operates in two modes too: as a
regular tuner and as a musical interval trainer. As
a regular tuner, it lets users set a reference tone in
Hz, and monitor their tonal accuracy and deviation
from the target tone, as they attempt to sing that ref-
erence. Users have control over the frequency, tim-
bre, and duration of the reference tone. Deviations
from the target are displayed on the tools graphi-
cally (color coded) as well as numerically in cents. As
a musical interval trainer the tool is designed to re-
spond to various tuning systems, including but not
limited to “European-equal tempered”, “European-
modal”, “Byzantine-modal”, “Ancient Greek”, as well
as custom tunings defined by the users. Users are sup-
posed to select a tuning system, as well as a certain in-
terval or melodic phrase from a collection of presets,
and attempt to sing it, while maintaining the inter-
val characteristics of that system. Onve again, devia-
tions from the proper tuning are displayed on the tool
graphically as well as numerically.

Both the Beat-Tracking as well as the Tuner tools,
can function either as stand-alone applications or in
conjunction with the the Digital Warm-up Tool provid-
ing additional real-time feedback to the users singing
melodic or rhythmic practice exercises.

Open Midi File Play Stop Pause

Lowest Scale  Highest Scale J e
‘4 g

Exercise Direction

Clef Tempo

rd

Teachy
c'PJIaylu!c?‘ki;nslruﬂrgﬁt W e

) i R X r
Acoustic Grand Piano Pt g, "
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(Un)tHide Student View [
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Figure 2: The ASMA Tool-Suite Digital Warm-up Tool

3.4 Coordination and
polyphony

This set of tools is designed to assist teachers monitor
the singing accuracy and enhance the coordination of
students singing in large ensembles. More specifically,
the Vocal Homogeneity Tool is programmed to help
teachers quantify the vocal homogenity of a small en-
semble or choir, based on the students phonetic map
and vocal data. With the help of simple vocal mea-
surements as described in Sections 3.1 and 3.2 teach-
ers can identify where the vocal properties of each

accuracy in

ASMA LabMAT
NKUA
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student lie in comparison to the rest of the ensemble
and help them solve individual issues in a targeted
manner.

The Tonal Accuracy in Polyphony Tool uses auditory
spatialization in order to surround users with virtual
choir-related auditory information, to help them train
in more realistic situations. It assists vocal tuning
when singing in a choir, a setting which is normally
polyphonic. In such a setting, the position of a choir
member within a large ensemble is directly related to
what they hear around them, and as a result to what
cues they may use in order to be in tune and coordina-
tion with the others. With this tool, the aim is to vir-
tually place the users, who will wear headphones, in
various spots within a choir, helping them realize the
changes in auditory cues they may perceive, and, in
a way, training them for a smoother integration with
the choir.

4 Future Work

The ASMA Tool-Suite opens up new possibilities in
singing education in Greek public schools, offering
teachers the additional tools to assess student voices,
and, more importantly, to engage students in explor-
ing the foundations of artistic expression using their
voice. For the purpose of developing ASMA digital
tools, the human voice has been regarded as a system
consisting of separate, albeit interconnected, physio-
logical mechanisms. However, the practical-empirical
scope, under which the accompanying Guidebook
presents the necessary background for a healthier and
more efficient vocal production, attempts an approach
involving the whole individual through kinesthetic
learning and cognitive functions that promote voice
perception and awareness [Leman, 2007]. This is also
the direction toward which the ASMA tools will evolve
in the future. In its current state the ASMA Tool-Suite
has been re-designed after having completed its Alpha
testing by the extended team of the project, external
project advisors, and selected users. Currently, we are
in the final stage of the project, during which the tools
are being extensively tested by music teachers. A pub-
lication of the evaluation results will follow along with
a public release of the tools. Future extensions of the
ASMA Tool-Suite will include (i) the transfer of all
tools to a web-based platform, (ii) gamification pos-
sibilities, to assist teachers engage students in using
the tools in the classroom, and (iii) more options for
parametrization.
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Abstract

In a world in which a large amount of learning in-
teractive tools deal with the musical abilities, with-
out really supporting a high level of music education,
CrazySquare, inspired by the Gordon’s theory, guar-
antees the acquisition of the learning guitar objectives
that students should learn at the end of Italian Mid-
dle Schools. Initially implemented as a paper-and-
pencil game, supporting the study of rhythm and its
representation, currently, CrazySquare is an interac-
tive tool for learning guitar. It is designed according
to a multidisciplinary Technology-Enhanced Learning
User-Centered Design methodology, which allows to
adequately integrate the technology into teaching ac-
tivities.

This paper, after presenting the current prototype
of the interactive tool, briefly reports the conducted
expert-based evaluation and presents the ongoing
user-based evaluation protocol.

1 Introduction

Millions of people listen to music every single
day. As a consequence, learning to play mu-
sical instruments is something that many people
have interest in. Moreover, it is recognized by
the literature that musical learning (music edu-
cation and learning to play musical instruments)
enhances a wide range of cognitive and affect-
ing functions, such as language and social cogni-
tion [Miendlarzewska & Trost, 2014]. Nevertheless,
learning to play musical instruments is not an intuitive
and automatic task; in fact, many people consider
this a challenging task that requires a lot of time and
adequate guidance [Miendlarzewska & Trost, 2014].
This is especially true for the guitar that it is one of
the most popular musical instrument in Italian Mid-
dle Schools [Caruso et al., 2020].

Existing tools for learning guitar (pure commercial
products, scientific literature outcomes, and research
prototypes become commercial products) adopt ei-
ther one of or both the two approaches: (1) a more

experience-oriented approach supporting the instru-
mental practice and (2) a more lesson-oriented ap-
proach including music theory (e.g., ear-training) and
“how to play” modules. Most popular solutions fol-
low the approach (1). Commercially based solu-
tions are generally Software (SW) applications assist-
ing the users during the execution of exercises with
the guitar, providing real-time feedback of their per-
formance, thus improving the self-evaluation proce-
dures. Research-based prototype solutions are mainly
based on augmented reality technology. All the solu-
tions following the approach (2) are SW applications
implementing lessons trough video-tutorials made by
some teachers or musicians who explain in detail how
the learners have to properly perform practical exer-
cises. Solutions mixing the two approaches are com-
mercial SW applications that not only provide lessons
through video-tutorials but also interactively imple-
ment them, proposing “question and answers" mod-
ules. For a detailed discussion see Table 1.

Unfortunately, as discussed in [Beck, 2017], exist-
ing tools are often not adequately evaluated (espe-
cially in the case of commercial ones) and do not of-
fer the high level of music education that is guaran-
teed, at school, by the expertise of teachers following
consolidated music-oriented pedagogical approaches
(e.g., [Gordon, 2007, Jaques-Dalcroze, 1921]). In
particular, Gordon proposed a music learning theory
based on the concept of audiation [Gordon, 1989].

Furthermore, [Konecki, 2014] observed that al-
though research shows the positive impact of interac-
tive tools in music education, most of the existing ones
have limited effect due to the lack of individualiza-
tion of the learning process. Indeed, these issues are
also highlighted by the [Decree law no. 201, 1999]
that organized the music education in Italian Middle
Schools. This decree explicitly describes the musical
education skills that students should achieve at the
end of Middle School (melody, harmony, rhythm, tim-
bre, dynamic, agogic, and instrumental skills). Fur-
thermore, the adequately controlled adoption of tools
made available by modern technologies is defined to

30



CrazySquare: an Interactive Tool

be methodologically effective. Although the Decree
Law points out that one of the main objectives of
music education is to guarantee musical literacy, (1)
no specific guidelines are provided in terms of which
pedagogical approaches and interactive learning tools
should be applied to achieve the cognitive and instru-
mental skills and (2) no specific guidelines on the in-
teractive learning tools could be used to achieve these
skills.

According to new technologies that incorporates
concepts coming from games to boost students’
motivations and interests [Denis & Jouvelot, 2005],
CrazySquare aims at filling these lacks, by designing
a game-based interactive tool for music education, in-
spired by one of the most well-consolidated pedagogi-
cal theories to music education (i.e., the Gordon’s Mu-
sic Learning Theory (MLT) [Gordon, 2007]).

The tool is described in Section 2 both from the the
learning model and the interaction tool viewpoints.
Section 3 reports the conducted expert-based evalua-
tion and presents the ongoing user-based evaluation
protocol. Finally, in Section 4, conclusion and future
works are described.

2 CrazySquare

CrazySquare was conceived as a teachers’ ally in mu-
sic teaching activities in Italian Middle school, hence
utilized by students in the 10-14 age range. Currently,
CrazySquare is dedicated to the guitar since it is one
of the most popular musical instrument in Middle
Schools. To provide a “way” to effectively integrate
this technology into teaching activities, CrazySquare
is underpinned by the Technology-Enhanced Learn-
ing oriented User-Centered Design (TEL-UCD) ap-
proach [Di Mascio et al., 2016] that guarantees the
compliance of CrazySquare as an interactive learning
tool with Gordon’s MLT. The TEL-UCD methodology
expands the traditional iterative UCD approach to em-
phasise the necessity of designing in parallel both a
learning intervention and the interactive tool, realis-
ing it in a context of mutual dependency, along with
the choice of a learning theory.

After the identification of learner needs, the specifi-
cation of the context of use and the identification and
specification of psycho-pedagogical assessment strat-
egy is necessary, followed by the specification of re-
quirements, the definition of the learning model, and
the creation of the learning material. Additionally, the
evaluation of the prototyping solutions is mandatory,
both from the learning model and the usability view-
points. At the end, the realisation of the tool solution,
consists of the realization of both interactive tool and
the learning intervention.

2.1 The CrazySquare learning Model
According with the TEL-UCD, we regarded the spe-

cific teaching method adopted, within the Italian
Middle School, as a possible instantiation of a more
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general model capturing its specifics, as well as its
principles, from consolidated music-oriented ped-
agogical approaches, starting with Gordon’s MLT.
In [Gordon, 1989], the author underlines the dis-
tinction between music aptitude and music achieve-
ment, where the former mainly represents one’s po-
tential to learn to audiate whereas the latter mainly
represents what one has learnt to audiate. An ad-
equate interactive tool supports students with low
music aptitude as well as those have high music ap-
titude, the former should not become frustrated by
the difficulty of proposed exercises, whereas the lat-
ter should not become bored by the simplicity of
proposed exercises. The CrazySquare Musical Skill
Learning Model, namely MuS-LM, hence embed the
two concepts of achievement and aptitude, introduc-
ing gamification elements to ameliorate the learning
intervention and to making it more motivating and
engaging [Margoudi et al., 2016].

In particular, students have to achieve a set up of
(interdependent) musical skills:

* R - Rhythm skill: Perceive and maintain the pul-
sation for predefined Beats Per Minute (BPM)
value;

* RS - Rhythm Symbols skill: Recognize and exe-
cute by reading a sequence of rhythmic symbols;

* MN - Musical Notes skill: Play with the instru-
ment musical notes, articulating them through a
reading of rhythmic symbols;

* CC - Chord Change Speed skill: Execute change
chords at different speeds.

These skills are in turn achieved by acquiring com-
petencies of two levels of difficulty: base and ad-
vanced (from now denoted as 1 and 2). The learn-
ing intervention is then represented by the competen-
cies’ list to be acquired in a certain order, that is: (R*,
R?, RS, MN*', CCt, RS?, MN?, CC?). Thus, such
competencies will be acquired by doing sets of ho-
mogeneous learning exercises; the number of these
to do is not fix: students with low music aptitude
have to perform the set of mandatory one, while stu-
dents with high music aptitude can perform also the
set of optional ones. After a specific number of learn-
ing exercises, all students relax themselves by playing
relaxing mini-games (a type for each musical skill),
which serve precisely as rewarding mechanism, with
the dual aim of lowering the cognitive load, prevent-
ing its overload, while entertaining and engaging stu-
dents with riddles and quizzes. Mini-games are not
the only gamification elements; other elements (e.g.,
levels, stars, rewards, unlockable content) are intro-
duced in the CrazySquare tool to improve the interac-
tivity of the tool itself.

Specifically, taking advantage of the game-based
approach, each learning exercise is itself a game level
and, consequently, a specific set of learning exer-
cises address a specific musical skill. As better a stu-
dents perform learning exercises (i.e., game levels), as
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Table 1: Analysis of existing interactive tools for learning guitar ( C - Commercial product, R - Research outcome) against the main

requirements of CrazySquare: (U1) Mastery of playing guitar; (U2) Adaptive and motivating learning intervention.

Approach | Type | Name Application Learning Intervention Ul | U2
C SmartMusic Web application The system provides different exercises (i.e., music sheets) | Yes | -
[SmartMusic, 2022] to be executed with the guitar by the student. The system
@D)] assists the students during the execution of exercises, pro-
viding also real-time feedback on their performance.
RockSmith Music videogame for computer, | The player plugs in virtually any electric guitar to the de- | Yes | Yes
[Rocksmith, 2022] PlayStation, and Xbox vice and plays the songs included in the game. The system
assists the player during the execution of songs, providing
also real-time feedback on their performance
R GuitarSolo AR-based system including an | The system allows students to practice guitar, withouta mu- | Yes
[Seol et al., 2016] Arduino Mega2560 as the main | sic sheet, by lightening the LEDs on the corresponding posi-
controller board, a LED guitar | tions at the guitar fretboard. The augmented guitar is able
fretboard for fingering display, | to identify that the user is playing correctly by using the
and a smartphone applicationto | sensing information and then providing real-time feedback.
select the songs to play.
GuitAR AR-based system including a | The system allows students to practice guitar, withoutamu- | Yes
[Lochtefeld et al., 2011] | light-projector system to be | sicsheet, by projecting lights on the corresponding positions
mounted on the guitar fret- | at the guitar fretboard. The system is able to identify that
board (or in front of the player) | the user is playing correctly by using the audio heard from
and a mobile application. the mobile device running the application and then provid-
ing real-time feedback.
Both | Novaxe Web application The system provides different exercises (i.e., guitar tabla- | Yes
[Novaxe.com, 2022] ture) to be executed with the guitar by the student. The sys-
tem assists the students during the execution of exercises,
providing also real-time feedback on their performance.
C GuitarTricks Web application providing video | The system offers different video lessons. Yes
2) [GuitarTricks, 2022] lessons for learning guitar
FenderPlay Mobile application The system offers different video lessons. Yes
[FenderPlay, 2022]
Both | Rockway Web application The system offers different video lessons. Yes
[Rockway, 2022]
D+@) C MelodiQ Android mobile application The system provides a series of video lessons including also | Yes | Yes
[MelodiQ, 2022] an interactive practice activity. The system is able to provide
real-time feedback on the player performance.
Yousician Cross-platform application The system provides video lessons including also an interac- | Yes | Yes
[Yousician, 2022] tive practice activity. The system is able to provide real-time
feedback on the player performance.

higher the rewards student obtains in terms of gained
stars.

2.2 The CrazySquare interactive tool

CrazySquare was implemented based on the so de-
scribed MUS-LM founding model as an Android mo-
bile application using Android Studio 3.2 and exploit-
ing several libraries (e.g., Tarsos-DSP and MIDI li-
brary). Its Grafical User Interface (GUI) is compliant
with the main guidelines and suggestions concerning
preadolescents’ GUI design [Nielsen, 2019]; for ex-
ample the used language is clear, simple, and close
to teen slang (see Fig. 1).

Each student need a personal account to play.
Then, the system provides both sign-up (see Fig. 1a
and Fig. 1b) or sign-in (see Fig. 1c) options. For
the sign-up, the system provides a two-step proce-
dure, also involving the student’s parents (as indicated
by [EU-GDPR - Art. 8, 2016]).

With its personal account, the student can start
a learning intervention according to the MuS-LM,
which is articulated into incremental difficulty game
levels (i.e, learning exercises). For example, game lev-
els addressing R deal with the learning of predefined
rhythms, that are easier in R' (i.e., 70, 75, and 65
BPM) and more advanced in R?. The student has to
perceive and keep the rhythm by executing a num-
ber of musical beats clapping their hands, vocalizing,
or pitching a guitar string. As a hint, the rhythm is
visualized by a bouncing circle placed at the center

of the GUI provided by this kind learning exercise
(see Fig. 1d); in addition, there is also an acoustic
metronome to help student keeping the rhythm. The
game levels addressing RS, M N, and CC are similar
to each other; the student has to recognize and exe-
cute by reading a sequence of rhythmic symbols fol-
lowing a specific BPM that is displayed through a vi-
sual metronome. These symbols are presented within
a four-by-four square grid (that inspired the crazy
square name). The visual metronome is shown as a
yellow highlighter of the rhythmic symbol to play (see
Fig. 1e and Fig. 1f). In particular, within the game
levels dealing with RS, the student performs the ex-
ecution of rhythmic symbols (basic in RS!, advanced
in RS?) by clapping hands, with the voice, or by pitch-
ing a guitar’s string. Instead, within the game levels
addressing M N, the student has to articulate the exe-
cution by playing, with the guitar, predefined musical
notes (basic in M N!, advanced in M N?). The game
levels relating to C'C' differ from those provided by
MN only on the number of rhythmic symbols to be
played with the same musical note. In fact, within
M N’s game levels, the change of chord happens ev-
ery four symbols; instead, within CC'’s game levels
the change happens every two symbols, and in CC'’s
game levels the musical note changes at every symbol.

During the execution of the task provided by
each game level, the system assists the student via
different visual/acoustic hints as well as evaluates
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Figure 1: Some screenshots of the current CrazySquare mobile application. (a-b) Sign-up, (c) Sign-in, (d) GUI of R’s game levels,
(e) GUI of RS’s game levels, (f) GUI of M N’s game levels

if he/her is performing well or not. Coherently,
at the end of each game level, CrazySquare shows
the student the number of stars gained according
to his/her performance. Once all the mandatory
game levels related to a specific competence were
passed, the system allows the student to continue
along the learning intervention accordingly to the
MuS-LM, i.e., the student can decide if play optional
game levels provided by this competence or continue
along the learning intervention, as indicated in
the MuS-LM, by playing the game levels related
to the following competence. As indicated by the
MuS-LM, CrazySquare regularly intersperses the
learning intervention with four types of relaxing
mini-games, according to the musical skills being
learned. For example, whether the student is playing
with R’s game levels, the system proposed a relaxing
mini-games consisting of watching two different
videos of people playing music (without sound) and
the student has to choose which one of the two plays
with the fastest or the slowest rhythm by tapping
the corresponding button on the screen. As another
example, during the learning intervention related to
RS, CrazySquare proposes a riddle, i.e., the system
plays a sequence of four rhythmic symbols and the
student has to find the corresponding sequence on a
row, a column, or a diagonal of the crazy square and
select his/her answer by tapping it on the display.
A video demo and the android Application Package
(APK) of the current prototype of CrazySquare are
available at https://drive.google.com/drive/
folders/1sSw-QTZZrdnUDBHwMOssD4Y0OY39JKhHT?
usp=sharing.

3 The CrazySquare Evaluation

The evaluation of the CrazySquare interactive
tool 1is currently articulated in one expert-
based evaluation (already conducted, see for de-
tails [Caruso et al., 2020]) and several user-based
evaluations, to be conducted. The expert-based eval-
uation aim was assessing the adequacy of learning
model and the usability of preliminary prototypes.

Experts (i.e., music teachers, guitar teachers, musical
pedagogues, involved within the project) evaluated
the MuS-LM and the correlated learning material
consisting of 574 learning exercises (350 mandatory
and 224 optional) and about 100 relaxing mini-
games, while experts of visual design evaluated
the GUIs prototypes using heuristic evaluation and
expert review. A number of issues came up and
successively fixed (e.g., the choice of how to display
the visual metronome in the GUI).

The user-based evaluation aim is evaluating if the
CrazySquare interactive tool is better/worse/equal
than its paper-and-pencil version, in terms of students’
performance. A between-group (true) experimental
design is to be arranged and conducted. Its protocol
will be administrated during regular school activities:

1. Students are randomly divided into two groups,
(G, and G}), matched for age and sex.

2. At the beginning of the school year, before start-
ing the learning intervention, all students (of
both groups) perform two tests that provide the
psycho-pedagogical assessment strategy: (1) an
entrance test to assess the students’ starting mu-
sical skills; and (2) the Intermediate Measures of
Music Audiation (IMMA) [Gordon, 2007].

3. During the school year, G, adopts the paper-
and-pencil version of CrazySquare while G, the
CrazySquare interactive tool.

4. At the end of the school year, both groups per-
form again both tests.

5. The statistical analysis to evaluate the differences
between GG, and G, in terms of students’ per-
formance, musical aptitude, and musical achieve-
ment levels, has to be carried out.

4 Conclusion and Future works

In this paper, we introduced and discussed the cur-
rent status of CrazySquare that aims to provide a
game-based interactive tool to support the teach-
ing/learning of guitar musical skills by preadoles-
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cences attending Italian Middle Schools, inspired by
Gordon’s MLT. A multidisciplinary research team was
involved within each step of the CrazySquare project.

The strength of the CrazySquare, unlike the avail-
able interactive tools for music education, is that it
aims to guarantee the acquisition of the learning ob-
jectives that students should learn at the end of Italian
Middle Schools. In addition, being designed following
multidisciplinary TEL-UCD methodology, it could be
easily integrated into classroom practices as a support
during the musical teaching activities and at home, as
a support of homework activities.

During the last school year, we conducted a (pilot)
controlled experiment involving a small group of first-
year students (i.e., 6 students, 4 males and 2 females)
attending the “Giovanni Pascoli” Middle School in Ri-
eti (Italy). However, due to the small sample size and
the limited continuity of the experimental activities
due to COVID-19 related issues, the so far data col-
lected is not enough to draw accurate conclusions. In
the next future, another user-based evaluation with
a large sample of students attending Italian Middle
Schools will be conducted.
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Abstract

In this paper, we present a prototype for an interac-
tive musical system, which allows the user to manage
musical patterns in real-time using images of printed
music in traditional Western notation. Monophonic
scores are interpreted by a pre-trained Optical Mu-
sic Recognition model, converted into numeric se-
quences, and sent to a pattern generator/synthesizer.
This prototype constitutes a novel proposal, integrat-
ing deep learning and computer vision techniques into
music making and promoting interactivity across dis-
ciplines.

1 Introduction

Musical composition through pattern manipulation
has a long tradition, ranging from the earliest exper-
iments in algorithmic music to the latest computer
music practices [Magnusson & McLean, 2018]. In the
last two decades, the emergence of live coding as a
performative practice has positioned the use of musi-
cal patterns at a prominent role in musical creation. In
this context, a great variety of libraries and dedicated
environments have been presented, each character-
ized by a specific form of notation capable of con-
trolling the evolution over time of these patterns (e.g
[Kirkbride, 2016, Roberts & Kuchera-Morin, 2012,
McLean & Wiggins, 2010]).  Regarding the nota-
tion of melodic-rthythmic structures, however, the
traditional notation - here referred to as Common
Western Music Notation (CWMN) - is still particularly
effective.

On the other hand, the recent advances in deep
learning have allowed for the development of mod-
els able to automatically interpret the content of
printed music, which have proven to be particu-
larly effective in the case of monophonic scores (e.g
[Liu et al., 2021, Castellanos et al., 2020]).

Our proposed prototype combines these two trends
into a single system that uses an Optical Music Recog-
nition (OMR) model to convert score images into pat-
terns that can be played by a digital synthesizer. This
paper is structured as follows: in Section 2 we present
the relevant related work in the fields of pattern mu-
sic, notations, and OMR; in Section 3 we briefly de-
scribe the implementations of the prototype; we then
discuss the usage and limitations, and eventually con-
clude outlining possible future developments.

2 Background

In this section, we briefly introduce several relevant
works and concepts from which we started to design
our system.

2.1 Pattern music

In the musical context, the term pattern generally
refers to a well-recognizable melodic-rhythmic cell,
which repeats itself over time. In the last century,
examples of compositions through the creation,
superimposition, and permutation of patterns can be
found both in the field of instrumental music (signif-
icant examples are In C by Terry Riley or Clapping
Music by Steve Reich), and in that of computer music
(for example in the works of Grossi [Mori, 2015]
or Spiegel [Spiegel, 1981]). Although the use of
musical patterns has been explored since the first
experiences of algorithmic music, in the last two
decades their use has become particularly prominent
in the context of live coding, a performative practice
in which the performer improvises music on the
computer by compiling instructions in real-time in
the form of code [Magnusson & Mclean, 2018].
Most of the dedicated libraries and environments
(e.g. TidalCycles [McLean & Wiggins, 2010], Gib-
ber  [Roberts & Kuchera-Morin, 2012], FoxDot
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[Kirkbride, 2016], ect) allow the user to gener-
ate patterns that are synchronized and repeated
cyclically. While these improvisations are generally
performed from scratch, another popular approach
involves specifying a series of patterns in advance
and simply playing them in a given order during the
performance. Magnusson defines this approach as
"weak coding" [Magnusson, 2014a].

At this stage, our system allows for a similar com-
positional approach, in which the user can pre-define
a palette of patterns and play them to his or her liking.

2.2 Notations

In Section 2.1, we have seen that there are several
environments that allow users to manage musical
patterns in real time. Each of them requires the
use of a specific form of notation. Various ways of
encoding music have been proposed: some systems
allow the user to specify a melodic-rhythmic pat-
tern through pairs of numerical values, respectively
pitch (note or frequency) and duration (absolute or
relative), as in SuperCollider [McCartney, 2002];
others implement specific mini-notations (e.g.
TidalCycles [McLean & Wiggins, 2010] or ixi lang
[Magnusson, 2011]), or make use of graphical ob-
jects or visual feedback (e.g. Betablocker or Scheme
Bricks [McLean et al., 2010]). These notations
are often designed to be also applicable to control
parameters, effects, functions, etc. However, they
can result quite difficult to interpret, especially in
the case of sequences of a certain length or den-
sity [Blackwell & Collins, 2005]. Indeed, writing
instructions requires a certain abstraction, that is, to
formalize musical thought into a symbolic-syntactic
notation capable of being understood by the software
interpreter. As for the notation of twelve-tone equal
tempered pitch and metrical rhythm and duration
musical cells, CWMN can prove to be more effec-
tive [Magnusson, 2014b], but its use is currently
overlooked.

Therefore, we have decided to integrate it into our
work.

2.3 Optical Music Recognition

OMR has been defined as "a field of research that in-
vestigates how to computationally read music nota-
tion in documents" [Calvo-Zaragoza et al., 2020]. Al-
though it has been explored for over 50 years, re-
search in this field has advanced considerably in the
last decade thanks to the adoption of deep learning
techniques (e.g. [Liu et al., 2021, Bar¢ et al., 2019,
Castellanos et al., 2020]). Nowadays, various com-
mercial softwares exist that integrate OMR for score
scanning (e.g. SharpEye !, PhotoScore 2, SmartScore

Thttp://www.visiv.co.uk/
2https://www.neuratron.com/photoscore.htm
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3). Nevertheless, OMR still involves a variety of non-
trivial tasks to be addressed. In the first place, the set
of semantic relationships between the various musical
symbols - as in the case of polyphonic music, articula-
tion marks, or irregular rhythms - can be particularly
complex. Furthermore, the general lack of large la-
beled datasets with balanced classes makes it difficult
to deal with the great variety of symbols in CWMN
[Novotny & Pokorny, 2015]. As shown by Shatri and
Fazekas, most works in the OMR field are focused on
the encoding of monophonic scores, in which neural
networks are able to achieve excellent performance
[Shatri & Fazekas, 2020].

Since pattern music is generally composed of a se-
ries of monophonic and quite simple musical struc-
tures, we have decided to include one of these neural
networks in our system.

3 Implementation

The system proposed consists of three main mod-
ules: an OMR model, which converts the images into
semantic notation, a translator/OSC parser module,
which converts the semantic notation into messages
suitable for the pattern generator, eventually sending
them to the server via OSC, and a synthesizer module,
which plays the notes as they are sequenced (Figure
1).
In this section, we briefly describe each module.

Figure 1: Overall system pipeline

3.1 OMR model

For this prototype, we decided to use a pre-
trained, end-to-end, and open-source solution
[Calvo-Zaragoza et al., 2017]. The model is trained
on a series of monophonic musical incipits, namely
the PrIMuS dataset [Calvo-Zaragoza & Rizo, 2018],
and therefore proves to be sufficiently accurate for
our needs. The model consists of a feed-forward
Convolutional Recurrent Neural Network (CRNN),
which extracts the individual features and converts
them into discrete sequences of musical symbols.
Further implementation details can be found in the
original paper [Calvo-Zaragoza et al., 2017].

Shttps://www.musitek.com/smartscore-pro.html
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The model receives as input an image of a mono-
phonic score on a single staff, and is sensitive to both
clef and key signature. Consistently with the dataset
used in the training phase by the authors of the origi-
nal work, we consider inputs of a maximum of 4 bars
in length. As output, we obtain a semantic encoding,
which contains a list of all the musical symbols de-
tected by the network in an extended format (Figure
2).

(@

o
/

. :

)

clef-G2, keySignature-DM, timeSignature-4/4,
rest-half, rest-eighth, note-A4_eighth,
note-B4_eighth, note-C#5_eighth, barline,
note-D5_quarter., rest-eighth, note-E5_sixteenth,
note-F#5_sixteenth, note-E5_sixteenth,
note-C#5_sixteenth, note-A4_quarter, barline

Figure 2: An example of an input image (a) and the respective
output in semantic notation (b)

3.2 Translator

The translation module is responsible for converting
the OMR model output into a format that the pat-
tern generator for the synthesizer can understand,
and for sending it through the Open Sound Control
(OSC) protocol. The translation is performed by di-
rectly mapping a fixed vocabulary of durations and
notes. The durations are considered to be relative to
the quarter (e.g. quarter = 1, eighth = 0.5, etc.),
while the notes are mapped to MIDI notes (e.g. C4 =
60, Db4 = 61, etc.). Rests are represented by the sym-
bol "\" (Figure 3). We preferred to insert this transla-
tion module rather than retrain the model end-to-end
for two main reasons: first, the retraining would have
required the entire dataset to be completely repro-
cessed. Even if end-to-end retraining would be nec-
essary for a possible definitive system, as specified in
5, at this stage we found semantic notation flexible
enough to be easily translated into different types of
notation.

3.3 Synthesizers

The synthesis engine, implemented in the popular
open-source software SuperCollider (SC)*, is com-
posed of seven instruments: two additive synthesizers
(characterized by a different type of envelope), two
pitched single-oscillator (one octave up and one oc-
tave down, respectively), one subtractive, one FM and

“https://supercollider.github.io/
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clef-G2, keySignature-DM, timeSignature-4/4,
rest-half, rest-eighth, note-A4_eighth,
note-B4_eighth, note-C#5_eighth, barline,
note-D5_quarter., rest-eighth, note-E5_sixteenth,
note-F#5_sixteenth, note-E5_sixteenth,
note-C#5_sixteenth, note-A4_quarter, barline

O}

[\, '\, 57, 59, 61, 62, '\, 64, 66, 64, 61, 57
[2,0.5,0.5,0.5, 0.5, 1.5, 0.5, 0.25, 0.25, 0.25, 0.25, 1]

Figure 3: An example of a semantic notation (b) translated
into value arrays suitable for SuperCollider (c)

one producing pink noise (ideally simulating a simple
drum). These instruments are recalled by the OSC
messages sent by the translation module, while the
related melodic-rhythmic patterns are recorded and
sequenced on a quantized rhythmic grid. By default, a
maximum of eight patterns can be played at the same
time. In addition, the patterns are indexed: in this
way, the user can activate/deactivate/overwrite spe-
cific patterns. In this first version, we have decided
to keep the timbre characteristics of each instrument
fixed: the user can therefore decide which instrument
to play the input pattern.

4 Usage and limitations

As for the practical use of the system, it is first nec-
essary to load a series of N images containing short
musical sequences, which will be recalled with their
index. These images constitute the palette of differ-
ent musical sequences that can be converted into pat-
terns. The user can input instructions consisting of
four numbers, specifically representing: 1) image [1
- N1; 2) pattern index [0 - 7]; 3) instrument number
[0 - 71; 4) amplitude [O. - 1.]. The script is constantly
waiting for instructions from the user, who at any time
can decide to allocate a new pattern or overwrite an
existing one. Note that the interpretation/translation
system, on an 8GB commercial CPU, takes ~200ms to
send the message to the SC server. Since the pattern
generator is by default quantized to the quarter note
and set to a tempo of 60 b.p.m., this latency has to be
taken into account.

As for the limitations, the model used is currently
not very robust in the presence of numerous ledger
lines and particularly high musical densities. How-
ever, being sensitive to the keys, it is already possi-
ble to obtain a sufficient pitch range: in case the user
needs more extended sounds, we have inserted two
transposing instruments (see 3.3). As for the rhyth-
mic density, we have decided not to consider dura-
tions lower than thirty-second. While we recognize
this as a limitation, shorter durations are rarely used
in pattern music. Finally, the available prototype does
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not allow direct manipulation of musical patterns or
control over the parameters of the instruments.

5 Conclusions and future work

In this paper, we have presented a working prototype
of a pattern music improvisation system starting from
musical fragments in CWMN. We believe that the sys-
tem proposed in this paper represents a contribution
to developing further systems that can integrate West-
ern musical notation in the context of interactive mu-
sic production, constituting a possible creative stim-
ulus, especially for more traditionally trained musi-
cians, or a possible tool for music education. In ad-
dition, the prototype lends itself to various expan-
sion possibilities, such as integration into existing
systems/environments, both software and hardware,
and the addition of additional interfaces/control pos-
sibilities. As a future work, the main objective will be
to work on a new OMR model trained on fragments
of handwritten scores in an end-to-end fashion, which
also allows taking into account more complex musical
symbols and relationships, in order to create an inter-
active system with more expressive possibilities with
which the user can interact directly by writing music
in real-time.
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