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Abstract
This article argues for a processual and experiential approach to dealing with music. 
Starting from the theoretical writings of James, Dewey and von Uexküll as well as 
from empirical evidence from current neurobiological research, it introduces an 
adaptive model of sense-making, relying heavily on the epistemological paradigms 
of “embodied” and “experiential cognition”. Central in this approach is an “enactive” 
conception of music cognition as the outcome of interactions with the sounds, 
stressing the role of the cogniser as an actor who constructs and organises his/her 
knowledge. This involves low-level reactive machinery—a kind of lock-and-key—as 
well as higher-order cognitive mediation that goes beyond mere causality and that 
allows the music user to “cope” with the sounds. 

Is music something out there? A kind of artefact that is reified or objectified, 
and that can be dealt with in a static way? Or does it rely on processes which 
call forth interactions with the sounds? Should we conceive of music users 
besides the music, and think about music as something which is perceived, 
conceptualised and enacted upon in order to be meaningful? And if so, what is 
the role of the body and the mind in this process of sense-making? This paper 
tries to answer these questions by introducing a theoretical framework that 
leans heavily on the seminal writings of John Dewey, William James and 
Jakob von Uexküll, together with empirical evidence from current 
neurobiological research. Its central focus, however, is on the role of musical 
experience and the way we make sense of it (see Blacking, 1955, Määttänen, 
1993, Reybrouck, 2004b, Westerlund, 2002). 

The musical experience is multifaceted: it is crucial in the construction of 
musical knowledge and points in the direction of a processual approach to 
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dealing with music—with “embodied” and “experiential cognition” as major 
epistemological paradigms. But what exactly is embodied and experiential 
cognition? And how are both related to the process of dealing with music? In 
order to answer these questions, I propose to introduce a general adaptive 
model of sense-making which is grounded in our biology and our cognitive 
abilities (Reybrouck, 2005a, 2006b) in an attempt to bring together body, mind 
and music. There are, in fact, current conceptual developments in cognitive 
science which argue for the inclusion of the body in our understanding of the 
mind. As such, it is possible to articulate a plausible and grounded theory 
which is closely related to theories of cognitive organisation which treat 
cognition as an activity that is structured by the body which is immersed in an 
environment that shapes its experience. Or put in other terms: cognition 
depends upon experiences based in having a body—with sensorimotor 
capacities—that are embedded in an encompassing biological, psychological, 
and cultural context (Lakoff & Johnson, 1999, and for a musical analogy: Iyer, 
2002 and Saslaw, 1996). 

This approach to cognition—the embodiment hypothesis—suggests an 
alternative basis for cognitive processes in general. It understands perception 
as perceptually guided action (see below), and conceives of sensory and 
motor processes as being fundamentally inseparable, mutually informative, 
and structured so as to ground our conceptual systems (Varela, Thompson & 
Rosch, 1991: 173). It allows the cognisers to explore their environment with 
their bodies and their senses, correlating multisensory input with bodily 
experience through elaborate mechanisms of feedback among the sensory 
and motor apparatus, and with temporary information in the sensory input 
being matched to motor images of the body in the sensorimotor loop (Todd, 
1999).

In this embodied viewpoint, the mind is no longer seen as passively reflective 
of the outside world, but as an active constructor of its own reality. In 
particular, cognition and bodily activity intertwine to a high degree in the sense 
that the fundamental building blocks of cognitive processes are control 
schemata for motor patterns which arise from perceptual interactions with the 
environment. This means that the drives for the cognitive system arise from 
within the system itself, in the form of needs and goals, and not merely from 
the outer world (Prem, 1996).

1 Introductory claims: dealing with music

The major topic of this paper is a processual approach to dealing with 
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music,stressing the role of sensory-motor experience and interactions with the 
sounds—both at at the level of manifest and virtual interactions. It is an 
approach which is somewhat related to the early claims of cognitive 
musicology:

Goal state analysis [score analysis] of music misses the crucial point that music 
is above all a human experience, not merely a set of artefacts or “structures' 
(Laske 1977: 71).

This claim can not be overstated: it has been remolded several times (Cusick 
1994, Polednak 1985) with approaches that go beyond analytical conceptions 
of music as a “mind-mind game”. What matters are not practices of 
composer’s minds for the sake of informing the practices of other minds, but 
the real and actually sounding experience. To quote Cusick: 

...the score is not the work of the performer; nor is the score-made-sound the 
work: the work includes the performer’s mobilizing of previously studied skills so 
as to embody, to make real, to make sounding, a set of relationships that are 
only partly relationships among sounds (1994: 18).

Music, on this view, is something which is heard and “enacted” upon rather 
than being merely imagined or represented. It is not merely reducible to 
symbolic representations of the sounds—with the score as a prototypical 
example—and not to sounds as artefacts. Sounds, on the contrary, arethe 
outcome of human actions. Even if they are not self-produced, they can induce 
a kind of (ideo)motor resonance that prompts the listener to experience the 
sounds as if they have been involved in their production (Reybrouck 2001b). 
This is a claim which is somewhat analogous to the “central version” of the 
motor theory of perception (Scheerer 1984, Viviani 1990, see Reybrouck 
2001b for a musical analogy). The key phenomenon in this conception is that 
motor ”intention”—rather than manifest motor behaviour—is thought to be a 
largely endogenous phenomenon which is localised in the central nervous 
system. It has been shown, in fact, that there is a motor aspect in perception 
and that the same areas in the brain are activated during imagined and 
executed actions (Berthoz 1997, Decety 1996, Jeannerod 1994).Yet, not all 
perception is reducible to motor components, but motor components are 
involved in perception and are an integral part of it. Even if they are not 
manifest, they operate at virtual levels of imagery and simulation—also called 
ideomotor simulation—with motor behaviour being manifest only at an 
ideational level of mental representation.

Each theoretical discourse about music, therefore, should deal to some extent 
with an understanding of the bodily activities—if only at a subliminal level—that 
are involved in the production and perception of the sounds (Blacking 1995, 
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Iyer 2002, Mead 1999, Shove & Repp 1995). The problem, however, is rather 
tedious, as there is a considerable amount of music which obscures the 
recognition of sounds as the result of sound producing actions. This is the 
case, e.g., with acousmatic listening(Chion 1983, Schaeffer 1966) where the 
listener is encouraged to focus on the sonic properties of the sounds without 
any reference to their visible sources. This is a kind of “reduced listening” 
where acousmatic sounds are heard through loudspeakers without any clue as 
to their causes. These acousmatic sounds are presumed to be the basic 
elements of the vocabulary of “acousmatic arts” and of “musique concrète” in 
the sense that they go beyond an “explanatory” way of listening: there is no 
straight connection between the sound-as-heard and any sound-producing 
action. 

There is, however, some natural search for auditory source-images which is 
typical for listening in general: auditory cognition involves source-knowledge 
(Bregman 1990, McAdams1984, 1993) and this in a cross-modal way (motor, 
kinesthetic, haptic and visual besides the purely auditory components). As 
such, listening can refer toauditory sources, to sound-producing actions and to 
the associated kinematic images (Godøy 1997b, 2001). 

These findings are important: they stress the role of action and perception, and 
reveal the shortcomings of theories that deal exclusively with symbolic and 
highly computational aspects of behaviour. Higher-order behaviour, in general, 
is adaptive to a high degree: it relates sensory input to motor behaviour 
through mental mappings and correlations and through elaborate mechanisms 
of feedback.

These “sensory-motor” claims can be easily translated to the realm of music, if 
we are inclined to adopt a processual approach to music as a temporal and 
sounding phenomenon. Central in this approach is the concept of dealing with 
music, which I consider to be a generic term that encompasses traditional 
musical behaviours—such as listening, performing, improvising and 
composing—, as well as more general “perceptual” and “behavioural” 
categories, such as exploring, selecting and focussing of attention on the 
perceptual side, and actions, interactions and transactions with the (sonic) 
world on the behavioural side. In order to encompass all these behaviours, it is 
desirable, further, not to speak of listeners, or performers—as these embrace 
only some of the possible ways of dealing with music—but of music usersin 
general as a broad category of subjects that deal with music by means of one 
or more of these behaviours. 

Each of these behaviours can be considered in isolation, but actual musical 
behaviour, often involves most of them—be it at a manifest or internalised 
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level. Playing a musical instrument, e.g., is a typical example: it involves the 
actual production of sound as well as listening to this sound, along with mental 
processes such as rehearsal from memory, anticipation as to what is coming 
next, and evaluation and control of what is actually sounding. Other musical 
behaviours such as listening or composing rely on the same mechanisms with 
either the sensory input or motor output being skipped. They force the music 
user to rely on simulation and imagery in order to deal with the music at a 
virtual level of interaction. 

The concept of interaction, however, is rather ill-defined. Much depends on the 
actual definition of the term: what does it mean to interact? Is interaction to be 
distinguished from action and transaction? And what is the relation with 
experience proper? Must we conceive of an actual interchange between actor 
and that which is enacted upon—a kind of “here-and-now-semantics”—, or 
should we conceive of interaction at a virtual level of imagery and 
representation? A critical element in this questioning is the actual relation with 
time and the processing of music “in time” or “out-of-time”. What counts in this 
distinction is the perceptual bonding with sounding stimuli which are actually 
present as against the same stimuli allowing imagery to complement the 
percepts with imaginary projections. Listening, e.g., proceeds in time, and 
keeps track with the unfolding over time. Composing, on the other hand, 
mostly proceeds out-of-time, relying on imagery and mental replicas of the 
sound rather than on the music as it actually sounds. Improvising, in turn, is a 
hybrid case: the actual process of playing proceeds in time but many of the 
mental computations proceed out-of-time (anticipating with respect to future 
playing and recollecting previous playing in memory). Real musical 
experiences, however, are time-consuming in keeping step with the sonorous 
articulation over time.All other kinds of dealing with music are secondhand and 
highly mediated with the mind working with mental replicas rather than with the 
actual sounding music. 

Dealing with music “in time” calls forth ongoing processes of epistemic 
interactions with the sonic world. This is exemplified in figure 1 which displays 
two girls who are playing together in a kind of imitative play. The fixation of 
their gaze illustrates the way they are involved in mutual communication with 
the music as a mediator. Each executive movement of the fingers is motivated 
by input through the senses or by the activation of previous schemata in their 
memory. The produced sounds, in turn, are fed back to the senses allowing 
them to adjust them if necessary.
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Figure 1. Two girls involved in imitative play, exemplifying the role of sensorimotor 
integration. 

The example illustrates a general claim: the musician who is actually playing 
needs the qualitative media of actual sounding, with the meaning of music 
being embodied in immediate experience and relying heavily on its sensory 
qualities.

Sensory processing, however, is only the first stage of sense-making. In real 
interaction it is to be complemented by the motor part and the cognitive 
processes which are built on it. The latter, especially, have received 
considerable attention in traditional music research. There is, however, a 
danger of nominalism, in providing only conceptual labels for events which are 
characterised by a sonorous unfolding over time. As such, we should avoid to 
deal with music in dualistic terms—separating the body from the mind—in 
favour of a more holistic and integrated way, that brings together sensory 
experience, motor reactions and cognitive processing. The approach I am 
proposing, therefore, is an integrated model of “sensorimotor integration” with 
the music user behaving as “device” that co-ordinates input and output through 
input-output-mappings.

2 Music and musicological research:
interdisciplinary claims

How does music research relate to these experiential claims? Is the musical 
experience an established topic of research or is it to be found only in the 
margins of musicology as a discipline? The answer is not obvious. There are, 
in fact, prevailing paradigms which run through musicology such as historical 
research, music analysis and performance studies. On the other hand, new 
paradigms are evolving which challenge traditional approaches by stressing 
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some weaknesses and shortcomings of traditional approaches. I see five 
major topics here: (i) the subject matter of much traditional music research is 
too narrow in focussing primarily on the western canon of art music (the 
common-practice tradition), (ii) music research is basically object-oriented and 
deals with second order stimuli, relying on symbolic transcriptions of the music 
rather than on the music as it sounds, (iii) there is a lack of operational 
terminology for describing both the music as a temporal art and the process of 
dealing with the music—what is needed is a descriptive as well as an 
explanatory vocabulary with terms that refer unambiguously to what they stand 
for; (iv) there is need of techniques for visualising and recording both the music 
and the reactions to the sounding music in an way that does justice to the 
scientific claims of exactness, completeness and repeatability.

Many of these claims are current topics of research. I only mention the 
contributions from cognitive and computational musicology, from acoustics and 
computer sciences, besides some recent neurobiological and psychological 
studies. Many of theses disciplines, however, are working in isolation with only 
little connections with each other. What I argue for, therefore, is an 
interdisciplinary approach that brings together contributions from different 
fields that are all related to the process of dealing with music. This common 
field is not yet established as an official research community—with institutions, 
official journals and academic positions—but there are at least emerging 
research communities which focus on a kind of common paradigm which is 
articulated by four major claims: (i) music as a sounding art; (ii) the process of 
dealing with music; (iii) the role of the musical experience and (iv) the process 
of sense-making while dealing with music.

(i) The first claim is an ontological claim: it states that music is only real music 
when it sounds. This is an empiricist claim that stresses the firsthand 
information in perception rather than relying on second-order stimuli. It means 
that we should conceive of “music-as-listened-to” and “as-perceived”, rather 
than thinking and conceptualising of music at a mere symbolic level without 
any actual connection to the music as it sounds. The claim is important as it 
challenges symbolic approaches which deal with music merely at a mental 
level. The act of composing is a paradigm case, but even sight-reading and 
score analysis deal with notes—as symbolic reference to sounding 
things—rather than with music as it sounds. 

(ii) The second claim concerns the role of interaction with the sound, either at 
the actual level of real sounding music or at the virtual level of imagery and 
representation. 

Real time interaction, e.g., mostly relies on conservative behaviour: it keeps 
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step with the actual unfolding over time in an attempt to hold possible 
disturbances between fixed limits. It is obvious in many musical applications 
such as the traditional pedagogy of instrumental teaching—where the 
apprentice tries to imitate the teacher’s instrumental playing—, the act of 
playing music from a score and the act of improvising. Most of these 
interactions combine motor output and sensory processing with the aim to 
deviate as little as possible from the standard of performance (the target 
performance which they hear imagine). In all these cases, the mind is 
functioning as a central processing mechanism that co-ordinates the input-
output mappings.

It is possible, however, to go beyond conservative behaviour and to perform 
mental operations which transcend the inexorable character of time-bound 
reactivity. As such, the mind operates at a level of virtual simultaneity which is 
working “out-of-time” through mechanisms of anticipation and memory. This is 
the level of mental computations and symbolic play (Reybrouck 2002, 2006a) 
which considers the input/output couplings which can be handled in terms of 
modelling or predictive computations (Bel & Vecchione 1993) and which entail 
the basic idea of the homo ludens as a playing automaton. 

This is, in fact, a broader conception of computation—computation is 
considered mainly from a symbol-processing point of view with as basic idea 
formal symbol manipulation by axiomatic rules—which embraces the whole 
field of “mental operations” which can be performed on symbolic 
representations of the sound. They allow the music user to have access 
simultaneously to events which are stored in memory or which canbe created 
“de novo” in imagery and to achieve a level of “epistemic autonomy” in the 
transactions with the sonic world. 

(iii) The role of musical experience, thirdly, has been rather marginal in existing 
musicological research. There are psychological studies (Deutsch 1982, 
McAdams &Bigand 1993, Tighe & Dowling 1993, Sloboda 1985,1988, and 
Hodges 1996 for an overview) and music reception and cognition studies 
(Deliège & Sloboda 1997,Francès 1958, Handel 1989, Swanwick 1994), but 
musicology as a discipline is still waiting for a comprehensive and theoretically 
grounded framework that explains the idiosyncrasies and commonalities of 
listening behaviour. Yet there is a considerable body of older theoretical 
writings that have dealt extensively with the topic of having an experience 
(Dewey 1925, 1934/1958, James 1912/1976, 1968). These writings, however, 
did not yet receive much attention in musicological research (see Määttänen 
1993, Reybrouck 2004b, 2005a, Westerlund 2002). Central in their claims is 
the tension between percept and concept, and between the particularities of 
the sensory experience and the conceptual labels that are applied to them. 
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Theoretical writings, however, have the danger of being speculative and 
intuitive at times. It is interesting, therefore, to look for empirical findings that 
can support their claims, and much is to be expected from the growing field of 
music and brain studies. It offers a vast body of empirical grounding for the 
theoretical framework that is related to having a musical experience (Peretz & 
Zatorre 2003, Wallin 1991, Wallin, Merker & Brown 2000, Zatorre & Peretz 
2001). 

(iv) The process of “sense-making”, finally, implies a shift from ontological 
(what is music?) to epistemological questions (what is music cognition and 
how can it be acquired?) with as major claim the “construction” of meaning out 
of the perceptual flux (Reybrouck 2001a, 2002, 2005a). It involves a 
semiotisation of the sonic world which means that we must conceive of the 
music user not as a mere passive recipient but as an organism that tries to 
build up semiotic linkages with the world. In building up these linkages, he or 
shecan rely on innate and acquired mechanisms of information “pickup”and 
information “processing”. As such, there is a tension between wired-in 
reactivity to the (sonic) environment—with reactions that behave like lock-and-
key—and mediate reactions which are the outcome of learning processes and 
cognitive mediation. 

The contributions of biosemiotics should be mentioned here: they provide 
important insights about signification processes which are typical for living 
organisms in general and which are rooted in their biology (for an overview, 
see Kull 2001, and for an application to music: Reybrouck 2001a, 2005a). 
Being an interdisciplinary field of theoretical and empirical research of 
communication and signification in living systems, it focuses on the study of 
the behaviour of living systems in their interaction with the environment. 

3 Theoretical and empirical grounding: 
knowledge construction and the coupling of 
action and perception

New paradigms are not emerging in a vacuum: they are mostly the outcome of 
theoretical insights and empirical facts that point to some converging claims. 
This is true especially for semiotics which has been very programmatic in its 
initial claims but which is now moving steadily and gradually to a more 
evidence-based discipline. The program, then, is to bring theory and facts 
together in a coherent and comprehensive framework. To quote Morris: 
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There is need both for fact-finders and for systematizers. The former must 
makeclear the conditions under which semiosis occurs and what precisely takes 
place in the process, the latter must in the light of available facts develop a 
precise systematized theoretical structure which future fact-finders can in turn 
use (1938/1975: 56).

The theoretical framework I want to advocate is centred around the 
construction of meaning, which, in turn, can be considered as a kind of 
adaptation to the environment (Reybrouck 2005a, b). Knowledge, on this view, 
serves an organism to organise its experience—as was maintained already by 
Piaget (see von Glasersfeld 1991: XVIII): it is not a representation of an 
independent reality but an organism-dependent way of knowing that is relative 
to its way of experiencing.

A beautiful example of this claim is von Glasersfeld’s doctrine of radical 
constructivism (von Glasersfeld 1978, 1982, 1995a, b). Starting from 
Kant—especially his Critic of Pure Reason—who stated that whatever we call 
knowledge is necessarily determined to a large extent by the knower’s way of 
perceiving, and conceiving and restating the epistemological claims of Piaget 
who tried to describe by what means the human mind goes from a state of less 
sufficient knowledge to a state of higher knowledge, he introduced a theory of 
“active knowing” which is the outcome of our own construction: 

... knowledge is not passively received but built up by the cognizing subject, and 
the function of cognition is adaptive and serves the organization of the 
experiential world, not the discovery of ontological reality (von Glasersfeld 
1995b: 18). 

Knowledge, on this view, is in the heads of the persons, and is constructed as 
the outcome of their experience. 

These claims may sound somewhat speculative and remote from current 
musicological research. There is, however, a lot of empirical 
evidence—especially from the field of neurobiological research and “music and 
brain” studies—that points in the direction of musical applications. I only 
mention four topics: (i) studies concerning the plasticity of the brain, (ii) the role 
of adaptation, (iii) the search for neural correlates of skill acquisition and the 
(iv) search for anatomical markers of musical abilities and competence. 

The search for “anatomical markers” of musical skills, firstly, has resulted in 
rather interesting findings which point to structural and functional adaptation of 
brain tissue in response to intense environmental demands during critical 
periods of brain maturation. Dealing with music (processing and performance), 
in particular, is a skilled activity that is dependent on several higher functions 
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of the brain: it requires the simultaneous integration of multimodal sensory and 
motor information with multimodal sensory feedback mechanisms to monitor 
performance (Gaser & Schlaug2003). 

This neural “plasticity” is typical of adaptive behaviour. It favours multiple 
interactions with the world—both at the sensory and motor level—and is 
related to the field of sensorimotor learning. To quote Paillard: 

The concept of sensorimotor integration is an important notion in biology. It 
poses the question as to the origin of structural solidarities and functional 
cohesions that are to be found in the individuation of biological systems and the 
interdependency of the organism and its environment. The individual memory, 
for example, is the outcome of its capacity to control its present activities in 
terms of personal experiences that are the outcome of previous activities. The 
organism enriches, in a way, its repertory of genetic adaptations in 
supplementing it with acquired dispositions that are immediately at hand and 
mobilizable when confronted with a situation that can be foreseen or recognized 
as a familiar one (Paillard 1994a: 925).

Sensory-motor co-ordinations are important strategies: they are “conservative” in 
keeping step with the actual perceptual flux and extend the level of interaction 
with the environment, ranging from mere sensory processing, to active 
behaviour and co-ordination between them. This is quite obvious in instrumental 
playing: a musician who is playing a violin “shapes” his sound through the 
mechanisms of sensory-motor integration and feedback. The same holds true 
also for listening, if we conceive of it as an internalised simulation of the actual 
performance of the music. As such there is a continuity between sensory-motor 
integration and ideomotor simulation, the former dealing with movements that 
are actually executed and manifest—as in the actual production of musical 
sounds—and the latter dealing with movements that are simulated at an internal 
level of imagery (Paillard 1994b, Reybrouck 2001b).

Ideomotor simulation, further, has a major role in “motor learning” and 
“enactive listening”: there is, in fact, a close relation between motor imagery 
and motor execution with empirical evidence showing that both processes 
involve activities of very similar cerebral motor structures at all stages of motor 
control (Crammond 1997). It means, further, that we can conceive of music in 
motor terms without actually performing movements. But even more important 
is the coupling of perception and action, in the sense that motor imagery is 
involved in perception—sometimes called the motor theory of perception 
(Berthoz 1997, Jeannerod 1994, Mackay 1992, Scheerer 1984, Viviani & 
Stucchi 1992, and Reybrouck 2001b for a musical analogy). There is, in fact, a 
growing body of research that focuses on the relation between action and 
motor imagery (Annett 1996, Berthoz 1997, Decety 1996, Deecke, 1996, 
Jeannerod 1994, Paillard 1994a, and for musical applications: Godøy 2001, 
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Gromko & Poorman 1998) and on the concept of perception as simulated 
action and as active exploration (Berthoz 1997). 

The claims are appealing: they point in the direction of “action-oriented” 
research, in addition to the already existing psychology of “perception”. What 
really matters here is a shift from rather static categories of perception to 
functional categories that integrate perceptual attributes and classes of action 
(Mazet 1991: 100). It prompts us to consider the role of the body with its 
sensory and motor interfaces and to conceive of music cognition in “embodied” 
and “experiential” terms. 

4 Experiential cognition and cognitive semantics

The transition from “static” categories of music knowledge to a more “dynamic” 
and “processual” approach is motivated by theoretical grounding, which is 
related to two major topics: the concept of processand the philosophy of time. 

The “processual” approach can hardly be overstated: music, as a temporal art, 
is characterised by consumption of time. In distinction to, e.g., a geometric 
figure which is presented at a glance, it relies on the successive presentation 
of its component parts. As such, there must be some completion—also called 
point of condensation (Francès 1958)—before the music user can make sense 
of the music. In order to do so, he or she should bring together the 
particularities and idiosyncrasies of the sonorous unfolding and the more 
overarching principles of relational continuity. As such, there is a basic tension 
between the discreteness and successivity of small temporal windows and the 
more global synoptic overview (seefigure 2). The latter allows the music user 
to grasp the music in a simultaneous act of consciousness or comprehension 
(Godøy 1997a, Reybrouck 2004a) in order to conceive of it at a more global 
level of representation. Such global processing is an “economic” way of 
processing: it affords a global overview but at the cost of the richness and 
fullness of the full perceptual experience.
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Figure 2. Music as motion. The top figure depicts the listener as a still spectator who 
can distance at will in order to recollect a small or bigger portion of the music. The 
lower part depicts the music in a kind of representational format allowing the listener to 
navigate through the music and to inspect its unfolding over time through a small 
temporal window.

The tension between “richness of experience” and “economy of processing”, 
further, isnot typical of music. It has been elaborated already extensively in the 
pragmatic philosophy of Dewey (1934/1958) andJames (1912/1976) with as 
major topic the concept of “having an experience”. As Dewey puts it: 

Experience in the degree in which it is experience is heightened vitality. Instead 
of signifying being shut up within one’s private feelings and sensations, it 
signifies active and alert commerce with the world; at its height it signifies 
complete interpenetration of self and the world of objects and events 
(1934/1958: 19).

This heightened vitality has “adaptive value” as well: it is exemplified in the life 
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of the savage man who is in danger in a threatening environment. 
Observation, for him, is both “action in preparation” and “foresight for the 
future” with the senses functioning as sentinels of immediate thought and 
outposts of action. They are not mere pathways for gathering material that is 
stored away for a delayed and remote possibility (Dewey 1934/1958: 19).

Having an experience, further, is not unidirectional with the senses as the only 
interface. According to Dewey, it has pattern and structure because it is doing 
and undergoing in relationship. It is exemplified most typically in the artistic 
experience: 

...art, in its form, unites the very same relation of doing and undergoing, outgoing 
and incoming energy, that makes an experience to be an experience.—Man 
whittles, carves, sings, dances, gestures, molds, draws and paints. The doing or 
making is artistic when the perceived result is of such a nature that its qualities 
as perceived have controlled the question of production. The act of producing 
that is directed by intent to produce something that is enjoyed in the immediate 
experience of perceiving has qualities that a spontaneous or uncontrolled activity 
does not have. The artist embodies in himself the attitude of the perceiver while 
he works” (1934/1958: 48). And further: “Without external embodiment, an 
experience remains incomplete—It is no linguistic accident that `building', 
`construction', `work', designate both a process and its finished product. Without 
the meaning of the verb that of the noun remains blank (Dewey 1934/1958: 51).

The perceptual experience, further, has another quality: it is characterised by 
full and rich experience:

... the object of—or better in—perception is not one of a kind in general, a 
sample of a cloud or river, but is this individual thing existing here and now with 
all the unrepeatable particularities that accompany and mark such existences. In 
its capacity of object-of-perception, it exists in exactly the same interaction with a 
living creature that constitutes the activity of perceiving (Dewey 1934/1958: 177). 

Most objects of our ordinary perception lack this completeness, being cut short 
as soon as there is an act of recognition. The full perceptual realisation of just 
the individual thing we perceive is replaced by the identification of something 
that acts as an index of a specific and limited kind of conduct. Aesthetic 
perception, on the other hand, is characterised by full perception.

A musical experience, on this view, is not basically different from an auditory 
experience at large. It is continuous with the natural experience or experience 
proper (see Dewey 1934/1958) with a difference in degree rather than in 
quality. Or put in more general terms: the connection of art and aesthetic 
perception with experiences at large does not signify a lowering of their 
significance and dignity. Nor is the attempt to connect the higher and ideal 
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things of experience with basic vital roots to be regarded as betrayal of their 
nature and denial of their value. It is legitimate, on the contrary,to bring the 
high achievements of fine art into connection with common life, the life that we 
share with all the living creatures (Dewey 1934/1958: 20).

A somewhat related approach was advocated by James (1912/1976) who 
introduced his doctrine of radical empiricism, which is an original epistemology 
that deals with the tension between “concept” and “percept”. It stresses the 
role of knowledge-by-acquaintance—as the kind of knowledge we have of a 
thing by its presentation to the senses—and states that the significance of 
concepts consists always in their relation to perceptual particulars. What 
matters is the fullness of reality which we become aware of only in the 
perceptual flux (1911/1968). Conceptual knowledge is needed only in order to 
manage information in a more “economical” way. As such, it is related to 
principles of cognitive economy, or as James himself puts it: 

We extend our view when we insert our percepts into our conceptual map. We 
learn about them, and of some of them we transfigure the value; but the map 
remains superficial through the abstractness, and false through the discreteness 
of its elements; and the whole operation, so far from making things appear more 
rational, becomes the source of quite gratuitous unintelligibilities. Conceptual 
knowledge is forever inadequate to the fullness of the reality to be known. 
Reality consists of existential particulars as well as of essences and universals 
and class-names, and of existential particulars we become aware only in the 
perceptual flux. The flux can never be superseded (James 1912/1976: 245).

A related position has been advocated by Dewey, who states that

... the object of—or better in—perception is not one of a kind in general, a 
sample of a cloud or river, but is this individual thing existing here and now with 
all the unrepeatable particularities that accompany and mark such existences. In 
its capacity of object-of-perception, it exists in exactly the same interaction with a 
living creature that constitutes the activity of perceiving (Dewey 1934/1958: 177). 

Most objects of our ordinary perception lack this completeness, being short-
circuited as soon as there is an act of recognition. The full “perceptual 
realisation” of just the individual thing we perceive is then replaced by the 
“identification” of something that acts as an index of a specific and limited kind 
of conduct.

Aesthetic perception, of course, is characterised by “full perception” that 
stresses the fullness and richness of perception. The same also holds true for 
listening to music, which is both an “experiential” and a “conceptual” matter: 
consisting of sensory realia as well as their symbolic counterparts, it embraces 
both “perceptual immediacy” and “conceptual abstraction”.
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Experience, however, is not only related to the richness of perception. It has a 
role in the construction of knowledge with meaning being characterised in 
terms of the “experience” of the human beings who are doing the cognising. As 
such, it is a basic claim of cognitive semantics (Jackendoff, 1987, Johnson, 
1987, Lakoff, 1987, 1988) which accounts for 

what meaning is to human beings, rather than trying to replace humanly 
meaningful thought by reference to a metaphysical account of a reality external 
to human experience (Lakoff 1987: 120). 

The same holds true for conceptual or mentalistic semantics which state their 
priority over real semantics in stating that 

one cannot take for granted the “real world' as the domain of entities to which 
language refers. Rather, the information that speakers can convey must be 
about their construal of the external world, where one's construal is the result of 
an interaction between external input and the means available to internally 
represent it (Jackendoff 1987: 83).

There are two major claims in this approach: non-objectivism and embodiment. 
The first (non-objectivism) conceives of meaning as a matter of human 
understanding—it is called also a semantics of understanding (Fillmore, 
1984)—and constitutes our experience of a common world we make sense of 
(Johnson, 1987). Cognition, on this view, must not be considered as a 
“recovery” or “projection” that exists out-there (objectivism). Rather, it stresses 
the role of experience and interaction with the environment: 

...cognition is not the representation of a pregiven world by a pregiven mind but 
is rather the enactment of a world and a mind on the basis of a history of the 
variety of actions that a being in the world performs(Varela, Thompson & Rosch, 
1991: 9). 

The embodiment hypothesis, on the other side, takes an epistemological 
position of “experiential realism”. It grounds our cognitive activity in the 
embodiment of the actor and the specific context of activity and defines 
cognition as 

embodied action that depends upon the kinds of experience that come from 
having a body with various sensorimotor capacities which are embedded in a 
more encompassing biological, psychological, and cultural context(Varela, 
Thompson & Rosch, 1991: 173).

The epistemological claims of experiential and enactive cognition (Johnson, 
1987, Lakoff, 1987, Varela, Thompson & Rosch, 1991) are intertwined with this 
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approach. They function as a typical example of non-objectivist semantics, 
which defines meaning as a matter of human understanding which is highly 
dependent upon structures of embodied imagination and which highlights the 
dynamic, interactive character of meaning and understanding (Johnson, 
1987:175). It is a position which has received attention in recent developments 
in cognitive science, with a move toward the inclusion of the body in the 
understanding of the mind. As such, it is related also to the “experiential 
approach” in cognitive linguistics (Fauconnier, 1985, Lakoff, 1987, Lakoff & 
Johnson, 1980, Langacker, 1986, 1987, Sweetser, 1990) which states that the 
fundamental conceptual representations in the human cognitive system are 
schematic perceptual images extracted from all modes of experience. 

According to Barsalou et al. (1993), there are three assumptions that underlie 
this “experiential” approach: (i) the perceptual representations from experience 
that represent concepts are not holistic analog images but compositional 
images that are built analytically from smaller component images; (ii) 
perceptual representations are much sparser than most actual perceptions: 
they are abstract and schematic; and (iii) perceptual representations do not 
arise solely from vision but from any aspect of experience, including 
proprioception and the introspection of representational states, information 
processing operations and emotions. The representations are not “perceptual” 
in the traditional sense, but they are more generally “experiential”, arising from 
any aspect of experience during perception of the external and introspection of 
the internal world. 

Cognitive scientists, further, have begun to infer connections between the 
structure of mental processes and physical embodiment (Iyer, 2002). It is a 
viewpoint which is known as embodied or situatedcognition and that treats 
cognition as an activity that is structured by the body situated in its 
environment—as embodied action.

This is, in fact, a theory of cognitive organisation,and the writings by Lakoff and 
Johnson (Johnson, 1987, Lakoff, 1987, 1990, 1993, 1994,Lakoff & Johnson, 
1980, and for a musical application: Bowman, 2000, Brower, 2000, Cano, 
2003, Cox, 2001, Saslaw ,1996, Zbikowski, 1997-98, 1997, 2002, Walser, 
1991, Iyer, 2002, Lidov, 1987, Reybrouck, 2001a, 2005a)can serve as a 
primary orientation here. They have proposed useful ways of reconceiving the 
nature of linguistic meaning, stressing the role of metaphor as a basic structure 
of understanding and the role of the body in providing “cross-domain 
mappings”. Metaphors, in fact, make it possible to conceptualise an unfamiliar 
domain—the target domain—in terms of another more familiar domain—the 
source domain (see Zbikowksy, 1997 for a critical review). The human body, 
then, can function as a primary source for this mapping. 
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Central in this approach is the focus on image schemata which are based on 
direct experience of a “kinesthetic” nature. They are defined by Johnson as 
“recurring, dynamic pattern[s] of our perceptual interactions and motor 
programs that give[s] coherence and structure to our experience ” (Johnson, 
1987, xiv). As such, they are operating continuously in perception, bodily 
movement through space and physical manipulation of objects. 

Image schemata, further, are not propositional—in the sense of abstract 
subject-predicate structures—but they exist in a continuous, analog fashion in 
our understanding (Johnson, 1987: 23-24 & 44). They function as gestalt-like 
structures that organise our mental representations at a very basic 
“preconceptual” level of cognitive organisation. As such, they are not rich, 
concrete images or mental pictures, but structures that are more general and 
abstract than the level at which we usually form particular mental imagetargets 
of the world (Johnson, 1987: xxxvii, see also Saslaw, 1996). 

Image schemata are embodied—they arise from the human body—and entail 
metaphorical projections from the kinesthetic source domain. As such they rely 
on non-arbitrary “cross-domain mappings” that function as agents of 
conceptual organisation (Lakoff, 1993: 203 and for empirical evidence: 
Barsalou, 1999, Barsalou et al. 1993, Gibbs & Colston, 1995) and that are 
motivated by biological factors as well (Edelman, 1989: 295, Edelman 1992: 
252, Edelman, 1995: 43). 

Several kinds of image schemata have been identified (Lakoff ,1987, Johnson, 
1987). According to Saslaw(1996), there are two major types: those that deal 
with our bodies themselves (container, center-periphery, front-back, part-
whole) and those that deal with our orientation in, and relationship to the world 
(link, force, path, source-path-goal, near-far). 

There is no place to go in detail here. I only mention two of them which are 
likely to be relevant for the process of dealing with music (see Brower, 
2000,and Saslaw, 1996 for an overview): the container schema and the source-
path-goal schema (see figure 3).
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Figure 3. Diagrams of the container schema (left) and the source-path-goal schema 
(right) (free after Brower 2000).

The container schema, as an example of the first type, derives from the 
conception that the human body is a container with an interior, an exterior and 
a boundary between them. It is a pervasive mode of understanding everyday 
experiences in terms of “in” and “out”, with some of these orientations being 
kinesthetic and directly experienced, while others are related to mental states 
which are treated as containers our minds are in. 

The source-path-goal schema, as an example of the second type, is an 
important tool in structuring our conception of music as a temporal art. It is 
grounded in the bodily experience of moving from a starting place to a kind of 
destination and is defined by four structural elements: (i) a source or starting 
point, (ii) a destination or end point (or goal), (iii) a path or sequence of 
contiguous locations connecting the source and the destination; and (iv) a 
direction toward the destination. The basic logic of the schema is that in 
proceeding from source to destination along a path, we must go through all the 
intermediate points on the path and that the further along the path we are, the 
more time has passed since starting (Lakoff, 1987: 275-278, see also Saslaw, 
1996: 221). 

The musical analogies of these image schemata are obvious. They have been 
belaboured by Brower (2000) who argued convincingly for the role that three of 
their most important features—containers, pathways and goals—should play in 
the structure and elaboration of musical plot (see also Saslaw ,1996). The 
basic metaphor of goal-directed motion, e.g., is supported by mappings of 
tonic as centre and ground, triads and keys as nested containers, scales and 
arpeggios as pathways for melodic motion, circles of fifths and thirds as 
pathways for harmonic motion, and tonal motion as subject to forces of gravity, 
inertia, and tonal attraction. All these basic-level metaphors, further, may 
undergo extensive elaboration in the context of a musical work. As such, they 
can be captured in the form of schemas for musical plot structure (see figure 
4).
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Figure 4. Schemas for musical plot structure (after Brower 2000, with permission).

5 The role of the subject in interaction: 
Jakob von Uexküll and cybernetics

The “enactive” approach to cognition grounds cognitive activity in the 
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embodiment of the actor and stresses the role of the cogniser as a “subject” 
who constructs and organises his/her knowledge. This claim—already 
advocated by Kant—was reformulated by Jakob von Uexküll who proposed 
nothing less than a new research programme: 

All reality is subjective appearance. This had to be the great, fundamental 
understanding also of biology ... Kant has put the subject, man, in opposition to 
the objects and has discovered the fundamental principles according to which 
the objects are formed in our mind. The task of biology is to widen the results of 
Kant’s research in two directions: 1. to take into account the role of our body, 
especially of our sense-organs and our central nervous system and 2. to explore 
the relations of other subjects (the animals) to the objects(von Uexküll, 1973: 9-
10). 

Von Uexküll’s claims have been rediscovered recently as a new paradigm for 
biology and semiotics (Kull, 2001). They are appealing for at least three 
reasons: (i) they stress the role of the subject and of subjectivity, (ii) they 
provide a firm theoretical grounding and a very operational terminology for 
describing the process of interaction of an organism with its environment, and 
(iii) they fit in very easily with current conceptions about cybernetics and 
artificial devices. In what follows, I will elaborate on each of them, in an attempt 
to provide a viable framework for an operational description of the process of 
sense-making as related to music.

5.1 Von Uexküll, subjectivity and second-order 
cybernetics

Jakob von Uexküll was a biologist who developed an original and very 
operationaltheory of meaning—commonly known as Umweltlehre—, which 
focuses mainly on the interaction with the environment and the role of sense-
making and construction of knowledge as the outcome of this interaction (von 
Uexküll, 1937, 1934/1957, 1920/1973, 1940/1982). 

The basic idea behind this theoretical construction is the assumption that an 
organism perceives the world through a network of “functional relations” which 
constitutes its own phenomenal world or Umwelt. This is the world around 
animals as they themselves perceive it and which has been described by von 
Uexküll in rather poetic terms: 

The best time to set out on such an adventure is on a sunny day. The place, a 
flower-strewn meadow, humming with insects, fluttering with butterflies. Here we 
may glimpse the worlds of the lowly dwellers of the meadow. To do so, we must 
first blow, in fancy, a soap bubble around each creature to represent its own 
world, filled with the perceptions which it alone knows. When we ourselves then 
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step into one of the bubbles, the familiar meadow is transformed. Many of its 
colorful features disappear, others no longer belong together but appear in new 
relationships. A new world comes into being. Through the bubble we see the 
world of the burrowing worm, of the butterfly, or of the field mouse; the world as 
it appears to the animals themselves, not as it appears to us. This we may call 
thephenomenal worldor the self-world of the animal” (von Uexküll 1934/1957: 5). 
And further: “We no longer regard animals as mere machines, but as subjects 
whose essential activity consists of perceiving and acting. We thus unlock the 
gates that lead to other realms, for all that a subject perceives becomes his 
perceptual world and all that he does, his effector world. Perceptual and effector 
world together form a closed unit, the Umwelt. These different worlds, which are 
as manifold as the animals themselves, present to all nature lovers new lands of 
such wealth and beauty that a walk through them is well worth while, even 
though they unfold not to the physical but only to the spiritual way (1934/1957: 
6).

Each “Umwelt” describes the phenomenal world of an organism: it is a 
collection of “subjective meanings” which are imprinted upon all objects of a 
subjective subset of the world at large, and which include all meaningful 
aspects of the world for a particular organism. Umwelts, on this view, are not 
“out there”, but are constructed and constrained: 

The Umwelt of any animal that we wish to investigate is only a section carved 
out of the environment which we see spread around it ... The first task of Umwelt 
research is to identify each animal’s perceptual cues among all the stimuli in its 
environment and to build up the animal’s specific world with them (von Uexküll 
1934/1957: 13).

In order to make his claims more operational, von Uexküll has introduced two 
additional concepts: the concepts of “functional tone” and “functional cycle”.

The first—functional tone—illustrates the sensitivity of organisms—both 
animals and human beings—to the functional characteristics of their 
environment. There simply is no one-to-one relationship between an object in 
the outer world and its meaning. Its actual meaning is rather dependent on a 
number of different qualities or tones which are, in turn, dependent on the 
intentions that the organism confers on it. Von Uexküll mentions the example 
of a tree: it can function as a shelter for a fox, a support for the oil, a 
thoroughfare for the squirrel, hunting grounds for the ant, egg-laying facilities 
for the beetle and a source of valuable raw material for the forester (von 
Uexküll, 1934/1957). Another example is a barking dog which threatens a 
walker on a rural path. The walker may find a stone on the ground and throw it 
to the dog in order to chase him off. The stone, which had a “path-quality” up 
to this moment, gets a “throwing-quality” on this occasion. What matters, then, 
are not merely the objective qualities of the stone, but the functional qualities it 
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affords to the user of the stone at a particular occasion. 

Umwelt research is closely related to the study of functional tones. The latter, 
in fact, are decisive for the actual description of an Umwelt. As von Uexküll 
puts it: 

The Umwelt only acquires its admirable surety for animals if we include the 
functional tones in our contemplation of it. We may say that the number of 
objects which an animal can distinguish in its own world equals the number of 
functions it can carry out. If, along with few functions, it possesses few functional 
images, its world, too, will consist of few objects. As a result its world is indeed 
poorer, but all the more secure. [...]As the number of an animal’s performances 
grows, the number of objects that populate its Umwelt increases. It grows within 
the individual life span of every animal that is able to gather experiences. For 
each new experience entails a readjustment to new impressions. Thus new 
perceptual images with new functional tones are created (von Uexküll, 
1934/1957: 49). 

As such, there is not merely “one” Umwelt, but multiples of them with the 
organism’s perceptual and effector cues functioning as functional tones.

These perceptual and effector cues define the kinds of interactions with the 
environment. They function as parts of the functional cycle or functional circle 
(see figure 5) which provides a basic schema for the interactions between the 
(human or animal) organisms and the objects of their surrounding worlds: 

Figuratively speaking, every animal grasps its object with two arms of a forceps, 
receptor and effector. With the one it invests the object with a receptor cue or 
perceptual meaning, with the other, an effector cue or operational meaning. But 
since all of the traits of an object are structurally interconnected, the traits given 
operational meaning must affect those bearing perceptual meaning through the 
object, and so change the object itself (von Uexküll, 1934/1957: 10).

Figure 5. The functional cycle, after von Uexküll (1934/1957).

Interactions, on this view, consist principally of “perception” and “operation”: a 
neutral object from the environment is “harpooned” as a meaning-carrier by a 
perceiving organ in order to be modified by an effector organ (as meaning-
utiliser) in such a way that it disappears altogether from the surrounding world 
(von Uexküll 1987: 170). Object and subject are in a way dovetailed into each 
other in order to constitute a systematic whole: 

Every action that consists of perception and operation imprints its meaning on 
the meaningless object and thereby makes it into a subject-related meaning-
carrier in the respective Umwelt (von Uexküll, 1940/1982: 31).
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This is an important claim: it brings together the process of “sense-making” 
and the concept of “circularity”, as well as the role of “subjectivity” and its 
influence on our reactions to the environment. The emphasis on subjectivity, 
further, is an important link to second order cybernetics which emphasises the 
role of the knower and observer rather than the known things or events 
(Maturana 1978, 1988, Maturana & Varela, 1987,Pask, 1975, 1992, Spencer 
Brown, 1969, von Foerster, 1974, see also Brier, 2000a, b, Heylighen & Joslyn 
2001). As Maturana puts it: 

... we are seldom aware that an observation is the realization of a series of 
operations that entail an observer as a system with properties that allow him or 
her to perform these operations, and, hence, that the properties of the observer, 
by specifying the operations that he or she can perform determine the observer’s 
domain of possible observations...(1978: 28-29).

Arguing on these lines, we should conceive of dealing with music in 
“epistemological” terms (Reybrouck, 2003b): as music users, we are observers 
who construct and organise our music knowledge and bring with us our 
observational tools. For doing so, we can rely on strategies of sense-making 
and cognitive activities such as exploring, selecting, modifying and focussing 
of attention. Listening, on this view, is not merely the passive registration of an 
outer sonic world but an active process of selection and intentionality that 
involves a whole machinery of semanticity and semiotisation: what we are 
listening to are not merely “sounding things”—the sensory “realia”—, but 
“things as signs” which shape our (sonic) world (Reybrouck, 1999).It is up to 
the listeners, then, to go beyond the sensory material in order to delimit the 
elements and the relations that they consider to be significant and eligible to 
function in the larger framework of a piece of music (Reybrouck 1999, 2003a).

5.2 Cybernetics and the concept of circularity

Dealing with music, as I conceive of it, is a process of “sense-making” and of 
“adaptive control” (see below). It relies on perception, action and the mutual 
relations and co-ordinations between them. Embracing the major moments of 
perceptual input, effector output, central processing and feedback, it fits in with 
the cybernetic concept of a control system (see figure 6). 

Figure 6. The major moments of a control system.
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This linkage with cybernetics is important: cybernetics, as a unifying discipline, 
brings together concepts as different as the flow of information, control by 
feedback, adaptation, learning and self-organisation (see Bateson, 1972, Brier 
1999a, b, Cariani, 2003). It allows, further, to consider such important things as 
input-output correlations, the mappings between sensory input and motor 
output, the computations at the representational level of the brain and the role 
of feedback. 

The latter, especially, is an interesting extension of the linear stimulus-reaction 
chain: it substitutes a closed loop for an open loop and challenges the mere 
reactive approach to sensory stimulation (open loop) in favour of a dynamic 
concept of circularity (closed loop) which brings together perception and action 
in a continuous process of sense-making and interaction with the environment. 
It is a very fruitful approach which has received a lot of theoretical grounding 
and empirical support in recent contributions (Annett, Arbib, 1981,1996, 
Berthoz, 1997, Decety, 1996, Deecke, 1996, Jeannerod, 1994, Meystel, 1998, 
Paillard, 1994a). The basic claims, however, have been advocated already in 
the seminal contributions of von Uexküll and Piaget. 

The role of circularity is obvious in Jakob von Uexküll’s writings—his key 
concept of “functional cycle” is illustrative at this point (see above). Piaget’s 
claims about reflexive action (1937, 1945, 1967), however, should be 
mentioned here as well. Reflexive action, as he conceives of it, essentially 
consists of three parts: (i) a pattern of sensory signals (the stimulus), (ii) an 
activity which is triggered by the particular pattern of sensory signals (the 
response) and (iii) the experience of some change which is registered as the 
consequence of this activity and which turns out to be beneficial for the actor 
(see also von Glasersfeld, 1995b: 153). The parts, taken together, build up an 
action schema which increases the internal organisation of the organism, 
allowing it to act in the face of perturbation. As such, it supersedes the 
traditional concept of the reflex arc—as a “linear” stimulus-reaction chain—in 
favour of a basic principle of sensorimotor learning that goes beyond pure 
reactivity tosensory stimulation: a situation as it is perceived leads to an 
activity that is evaluated in terms of its beneficial or expected results (see also 
von Glasersfeld, 1995b: 65). What matters, therefore, are not merely the 
actions proper but their results. The “circularity” of stimulus and reaction, 
therefore, is a central topic in our epistemic interactions with the world. Or, as 
von Uexküll puts it: phenomena which are neutral in a way receive properties 
which they do not have independently from the reacting subject: 

Without the readiness to react, there can be no stimulus—with the cessation of 
the readiness to react, the stimulus ceases to be a stimulus—and without a 
stimulus there can be no reaction (von Uexküll, T. 1986a: 122-123).
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6 Levels of processing

Human beings are not cameras that capture the world in a kind of 
photographic image, but active perceivers that create their universe. They are 
involved in processes of sense-making that go beyond mere reactivity to 
sensory stimulation. As such, there is no one-to-one relation between the 
continuous flow of stimuli in the physical world and the perceptual and 
cognitive processes of the perceiver. Weshould consider, for short, the role of 
the way how human perceivers structure this perceptual flow. 

The same holds true for listening to music, which is not merely the passive 
registration of acoustic stimuli. There is, in fact, a critical distinction between 
hearing and listening (Chion, 1983, Handel, 1989, Schaeffer, 1966): the former 
is a purely physiological process, the latter leans upon psychological factors 
such as attention and motivation. But even if there is investment ofattention, 
there is an additional distinction between acoustical or auditory listening: 
acoustical listening is listening in terms of the acoustic qualities of the music; 
auditory listening is a process of sense-making that goes beyond the mere 
acoustical description of the sound (Handel, 1989).

There is, further, a basic tension between the bottom-up and top-down 
approach to music cognition. Do we process the huge amount of sensory 
information which is presented to the senses (bottom-up), or do we rely on 
cognitive mediation, with the mind weighing and selecting the sensory stimuli 
in terms of cognitive categories (top-down)? Music cognition, as I conceive of 
it, is not merely reducible to naive realism which takes the sounding stimuli for 
granted. It is dependent, on the contrary, on principles of cognitive filtering and 
mediation (Reybrouck 2004b, 2005a). 

An important aspect in this approach is the transition from sensation to 
perception. Perception, as it was originally conceived, is the experience of 
objects and events which are actually presented to the senses, with the 
exclusion of all things that are not sensed directly. In contrast to sensation, it is 
used for the more “general” aspects of this activity, reserving the term 
sensation for those facts in our experience which depend upon the activity of 
our sense organs (Boring, Langfeld & Weld, 1948: 216):“sensation” is merely 
the conscious response to the stimulation of a sense organ; “perception” 
involves the whole datum that is presented to our consciousness. It requires 
selection among sensations, combination, organisation and sometimes even 
supplementations from imagination (Lee, 1938: 25).
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In order to elaborate on this distinction, it is possible to rely on levels of 
processingwhich are rooted in our biological functioning. Ranging from the 
level of the reflexes as well as the higher-level cognitive processing of the 
brain, there is a continuum between lower-level reactivity, over mere 
information pick-up to higher-level information processing that relies on several 
higher functions of the brain (Reybrouck 1989, 2001a).

At the lowest level, there is mere “reactivity” to the sound without any cognitive 
mediation by the mind. This is the level of “causality” with specific stimuli 
eliciting specific reactions. It involves a reactive machinery that functions as a 
kind of lock-and-key—with wired-in and closed programs of behaviour that 
trigger reactions in a quasi-automatic way. As soon, however, as there is some 
cognitive activity, the organism goes beyond causality by introducing 
“intermediate variables” between stimulus and reaction (Paillard,1994b, 
Reybrouck, 2001b). This is cognitive mediation or cognitive penetration—to 
coin Pylyshyn’s (1985) term—which allows the music user to deal with music 
at a representational level of virtuality rather than merely reacting to the music 
as actually sounding stimuli.

The process of “mediation” is a major topic in coping with the sounds: it allows 
the perceiving organism to carry out adaptive changes in its transactions with 
the environment and marks off “human” and “animal” existence. As Werner & 
Kaplan put it:

In animals—particularly in lower animals—organism and environment are closely 
attuned to each other; one might say that both are elements in a comparatively 
closed system, within which stimulation and response are tightly interlocked. 
With ascendence on the evolutionary scale, the closed system begins to open 
up: the relative rigidity of adaptive responses, the species-species conformity to 
environments, gives way increasingly to choice responses, to modifiability and 
plasticity of behavior, and to an increasing trend toward learning through 
individual experience.” And further: “This human process of becoming familiar 
with one’s milieu is not simply a mirroring of an external, prefabricated “reality”, 
but it involves a formation of the world of objects by the human being in terms of 
his equipment and biopsychological “goals”. The human world, then, cannot 
claim to effect an independent “reality per se”; it is rather a coherent, man-
specific Umwelt, a representation of “what there is” by means available to the 
human being (Werner & Kaplan, 1963: 12-13).

What really counts in this approach is the “organism-environment interaction” 
and the role of the “subject” in this interaction. Four major claims can be 
considered in this process: (i) the speed of processing, (ii) the role of 
conservative behaviour, (iii) the role of simulation and symbolic play and (iv) 
the role of sense-making. 
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As to the speed of processing, there is a whole body of research which is 
related to the ecological claims of direct perception (Gibson, 1966, 1979, 
1982—see below —, Michaels & Carello, 1981), with as basic claim that 
perception is possible without the mind intervening in this process. It involves 
presentational immediacy and direct reactivity to the solicitations of the 
environment, stressing the role of information “pick-up” rather than information 
“processing”. Such “direct” perception can have adaptive value in case of 
threatening situations which require quick responses, but the speed of 
processing is at the cost of the richness of the sensory experience. 

This is not the case in conservative behaviour in general, which tries to keep 
step with the unfolding of the perceptual flux. Proceeding in real-time, it tries to 
achieve or to maintain a state of equilibrium by “measuring” and “controlling” 
all possible perturbations. The role of sensory-motor integration is obvious 
here: it allows us to think of the music user in functional terms as a controller 
or measuring device and it is most typically exemplified in music performance. 
Performing, in fact, is a skilled activity that requires the simultaneous 
integration of multimodal sensory and motor information with multimodal 
sensory feedback mechanisms to monitor performance (Gaser & Schlaug, 
2003). 

There is, thirdly, a new paradigm in neuroscience that transcends the 
conception of the brain as reactive machinery—with automatic responses 
through co-ordinated mobilisation of preadapted sensorimotor tools—in favour 
of a conception of the brain as a simulator (Berthoz, 1997). The critical factors 
are the introduction of mental operations that are interposed between the 
perception of the stimulus and the triggering of the action (Paillard, 1994b, 
Reybrouck, 2001b) and the construction of an internal model of the world 
(Klaus, 1972). It allows the organism to rely heavily on imagery and 
representation and to deal with the environment at the level of modelling and 
symbolic play (Reybrouck, 2002, 2006a). The music user, on this view, can be 
considered as a homo ludens or playing automaton, which is able toperform 
internal dialogues and to carry out symbolic computations on the mental 
replicas of the sounding music. In order to do this, however, the “player” must 
have at his/her disposal a symbolic repertoire for doing the mental arithmetic 
that is typical of symbolic behaviour in general. 

This brings us, finally, to the process of sense-making and the possibility of 
conceiving of musical stimuli as “signs” rather than as causal stimuli (Wallin, 
1991: 231). It allows the music user to perform a way of thinking which is 
playful, and which can defined in terms of paratelic thinking—a way of “playing 
around” with ideas, inferences and presuppositions for their own sake and 
following them wherever they lead, without worrying about their serious 
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implications or practical applications—rather than being goal-directed as in the 
“telic” mode of cognition (Apter,1984: 424).

7 The music user as an open system: 
sense-making and the role of adaptation

Music cognition is not reducible to “naive realism”. It has the mark of our 
cognising with our minds.As Wallin puts it: 

The stimulus as a releaser of a purposive behavior ... is weighed by the 
organism not only by means of auditory capacity in analyzing an acoustical 
event, but through a simultaneous evaluation of the event’s significance as well 
(1991: 231).

This weighing, however, is not arbitrary: it depends upon “innate” and 
“acquired” mechanisms of sense-making, which, in the case of music, are 
complemented by continuous interactions with the sounds.

These interactions, especially, are able to change our “semantic”—semantics, 
in the main, is the study of meaning—relations with the sonic world: they afford 
meaning to the music user as the outcome of previous perceptual and motor 
interactions with the sonic environment. As such they are helpful in building up 
a sonic Umwelt through the mechanisms of functional relations and functional 
tones (see above).

Musical semantics, however, is a rather tedious topic. There is, firstly, a 
distinction between self-referential semantics—which conceives of music as 
referring only to itself—and real semantics—with the music referring to things 
and events that are outside the music in the “real” world. The distinction, 
however, is somewhat arbitrary, as music users do not deal with artificial 
distinctions but with sounds as “signs” that shape their interaction with the 
sonic world. Music users, on this view, behave as open systems that construct 
their knowledge as the outcome of interactions with their environment, and 
which are able to “adapt” themselves to this environment. As such, they are 
able to build up a perceptual, behavioural and sign repertoire which allow them 
to cope with the music as environment. 

This is an important claim. It emphasises the “construction” of knowledge and 
relies on the concept of “open system”, as defined already in von Bertalanffy’s 
theoretical writings: 
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Every living organism is essentially an open system. It maintains itself in a 
continuous inflow and outflow, a building up and breaking down of components, 
never being, so long as it is alive, in a state of chemical and thermodynamic 
equilibrium but maintained in a so-called steady state which is distinct from the 
latter. This is the very essence of that fundamental phenomenon of life which is 
called metabolism, the chemical processes within living cells...(von Bertalanffy, 
1968: 39).

Adaptation is fundamental to such a living system or organism. It provides the 
necessary means for coping with its environment. This latter term, which is 
used mostly with regard to its physical universe—the physical environment, the 
prey to catch, the predators to avoid—can, by extension, be used also with 
regard to its “symbolic” or “cultural universe”. A major question, however, is the 
tension between wired-in coping mechanisms and those that are the outcome 
of a learning process. This is, in fact, the “nature/nurture dichotomy”, or the 
distinction between nativism and empiricism with its corresponding 
epistemological positions which claim that knowledge is dependent upon 
innate faculties (the Chomskyan position) as against the construction of 
knowledge as the result of interaction with the environment (the Piagetian 
position) (see Hargreaves, 1986, Reybrouck, 1997, 1989, 2005a). This debate, 
which has coloured decades of discussions about musical competence, is far 
from being closed, yet, there is a lot to be expected from the neurobiological 
approach to music research which is providing empirical evidence for theories 
and intuitions which were intuitive up to now (Peretz & Zatorre, 2003, Wallin, 
1991, Wallin,Merker & Bown, 2000, Zatorre & Peretz, 2001).

Rather than joining this debate, I hold a position that conceives of the music 
user as an adaptive device (Reybrouck, 2005a, b) which is able to change its 
“semantic relations” to the sonic world. The model I propose is not really 
innovative: it is the translation of the concept of adaptive devices to the realm 
of music (Reybrouck, 2005a, b). It takes as a starting point the frequently 
denounced “robot model” of human behaviour which has been so dominant in 
psychological research. A leading concept in this context is the stimulus-
response scheme, with behaviour being considered as a response to stimuli 
coming from outside. It is a mechanism which is partly based upon “inherited” 
neural mechanisms—as in reflexes and instinctive behaviour—but the more 
important parts are “acquired” or “conditioned” responses (von Bertalanffy, 
1968: 189). 

The inherited mechanisms are commonly known: most animals and men have 
neural coding strategies that are used in the representation and the processing 
of sensory information. To quote Cariani:

While the particular experiential textures of things, their qualia, undoubtedly vary 
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among different vertebrates, the basic body-plans, sensory organs, and neural 
representations are roughly similar. We see in different colors, hear in different 
frequency registers, and smell different odors, but the basic relational 
organizations of our percept-spaces in the end may not be so radically different 
(Cariani 1998b: 252).

Human beings, in fact, are biological adaptive systems with similar basic life-
imperatives as breathing, eating, drinking, sleeping and mating, and higher-
level processes of cognitive functioning. As such, it is possible to conceive of 
“universals of knowing and perception”, and the same holds true for “musical 
universals” (Brunner, 1998, Kon, 1998,Marconi, 1998, Miereanu & Hascher, 
1998, Normet, 1998, Padilla, 1998) which are subclasses of more 
encompassing levels of cognitive functioning.

According to Murdock, there are three categories of universals, which 
correspond to (i) primary, genetically coded (instinctive) impulsions, (ii) 
acquired habits, rooted in fundamental bio-psychological demands and (iii) 
cultural habits with only very thin links to the conditions of the secondary level 
(Murdock, 1945). A somewhat analogous distinction has been drawn by 
Bystrina (1983) who distinguishes between primary, secondary and tertiary 
codes. Primary codes are of an innate nature (genetic code, perception code 
and intraorganismic code), secondary codes are the result of a learning 
process (language code), and tertiary codes operate at the level above the 
secondary code (cultural codes) (see also Jiranek, 1998). It is possible, 
however, to transcend the lower levels and to go beyond the mere causal 
relationships. As Buck puts it: 

we enter the craddle as a mixture of inherited tendencies for which we are not in 
the least responsable, and all our reactions will be in accordance with them 
unless in later life we learn to modify them through training and education.” This 
training and education, in the end, is nothing more than “one prolonged 
endeavour to substitute acquired reactions for native ones (1944/1961: 12).

The distinction between primary, secondary and tertiary codes is very viable. It 
allows us to rely on primary codes, which are, in a sense, our perceptual 
primitives. Besides, there is the possibility of knowledge acquisition and 
learnability, not only at the perceptual, but also at the behavioural level and the 
level of the mental computations. This means, for short, that the music user 
behaves as an “adaptive system” with the possibility of adaptation at each 
level of the control system.

The concept of adaptation, further, is a biological concept: it allows an 
organism to change itself in order to survive in its environment (Fleagle, 1999). 
The claim, however, can be translated to the realms of cognition, as advocated 
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already in the seminal contributions ofPiaget (1936, 1937, 1967, and von 
Glasersfeld, 1978, 1982 for a critical review). Central in this theory are the 
related principles of “assimilation” and “accommodation” which have furthered 
the constructivist approach to knowledge acquisition in general (see von 
Glasersfeld, 1995a, b). 

The mind primarily “assimilates”, if it perceives and categorises experience in 
terms of what it already knows: 

... no behaviour, even if it is new to the individual, constitutes an absolute 
beginning. It is always grafted onto previous schemes and therefore amounts to 
already constructed structures (innate, as reflexes are, or previously acquired 
(Piaget, 1976: 17). 

Cognitive “assimilation” thus comes about when a cognising organism fits an 
experience into a conceptual structure it already has. If the result of this 
process creates a kind of perturbation, then a revision is set up which may 
lead to accommodation with a corresponding change in existing structures or 
to the formation of new ones. The principle of accommodation thus provides a 
mechanism for learning which allows the learner to modify his/her semantic 
relations with the world. A basic claim in this approach is theepistemological 
assumption that all information which is acquired from the outer world is 
matched continuously again internal schemes (Piaget, 1967: 294). If there is 
no match, the system must accommodate in order to adapt itself to the 
environment.

Knowledge construction, on this view, has “adaptive value”. It relies on the 
mechanisms of assimilation and accommodation, which are related to 
thecentral processing of the control system. Adaptation, however, is not 
restricted to the mental level of processing: it can be expanded to each level of 
the control system—perceptual, effector and computational—and can be 
described in the operational terminology ofadaptive systems or adaptive 
devices (see Cariani,1991, 1998a, Pattee, 1982, 1985 and Rosen, 1978). 
Such devices are able to alter their basic functions of sensing, c­o-ordinating 
and acting with as final result a change in their semantic relations with the 
world. According to Cariani (1989, 1991, 2001, 2003) there are three 
possibilities for doing this: (i) to amplify the possibilities of participatory 
observation by expanding the perceptual and behavioural repertoire, (ii) to 
adaptively construct sensory and effector tools and (iii) to change the cognitive 
tools as well.

As to the sensing function, it is possible to modify or augment the sensors, 
allowing the device to choose its own perceptual categories and to control the 
types of empirical information it can access. Several strategies are possible 
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here (Cariani 1991, 1998b), but the basic mechanisms are reducible to only 
two or them: to alter the existing sensing functions or to add new ones. 
Accordingly, there are four possibilities: (i) prosthesis or adaptive fabrication of 
new front-ends for existing sensors, (ii) active sensing or using motor actions 
to alter what is sensed through interaction (poking, pushing, bending), (iii) 
sensory evolution or adaptive construction of entirely new sensors and (iv) 
internalised sensing by creating internal, analog representations of the world 
out of which internal sensors extract newly-relevant properties (1998b: 718). 

As to the effector function, there is the possibility of “active measurement” as a 
process of acting on the world and sensing how this world behaves as a result 
of actions we perform on it. This is “active sensing” which changes our sensing 
function without altering the sensor structures, requiring only additional co-
ordinative and motor resources to be used.

The co-ordinating function, finally, is related to the central processing of the 
control system. It enables the construction of better cognitive tools for dealing 
with the environment and allows the device to handle information processing in 
terms of a “transfer function” from sensorium to motorium, leaning heavily on 
innate and wired-in mechanisms of information processing. 

“Music users”, also, can be considered as adaptive devices (Reybrouck 
2006b): they can change their semantic relations with the world in arbitrarily 
choosing what kinds of “distinctions” are to be made—perceptual categories, 
features and primitives—(Reybrouck 2004a), what kinds of “actions” are to be 
done on the environment—primitive action categories—and what kinds of “co-
ordinative mappings” are to be carried out between perception and action. This 
is, in fact, a whole research program, but the claims fit in very easily with the 
concept of adaptive devices. To quote Cariani again: 

... adaptive systems ... continually modify their internal structure in response to 
experience. To the extent that an adaptive epistemic system constructs itself 
and determines the nature of its own informational transactions with its environs, 
that system achieves a degree of epistemic autonomy relative to its surrounds 
(Cariani 2001: 60).
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Figure 7. Diagram of a perception-cognition-action loop (after Cariani, 1989). The 
sense organs provide the input (sensorium), the effector organs the output (motorium) 
and the central processing the co-ordinations between them. 

What matters, on this view, is an operational approach to the adaptive control 
of percept-action loops in artificial devices (Cariani 1989, 2001, 2003, Ziemke 
& Sharkey, 2001). It is an approach that fits in with the ‘‘ecological conception’’ 
of interaction with the environment and that presupposes an ‘‘epistemic cut’’ 
between the organism and its environment. It further draws an operational 
distinction between the “input” (sensorium), “output” (motorium) and “central 
processing” as a kind of sensory–motor integration which does the mapping 
and the co-ordination between sensorium and motorium (Cariani 2001, 2003) 
(see figure 7).

8 The claims of ecosemiotics and ecological 
acoustics

The way the music user makes sense out of the perceptual flux is not 
gratuitous. It is “ecologically” constrained in the sense that it is related to the 
way how organisms interact with their environment. This ecological claim goes 
back to the original definition of Haeckel who conceived of ecology as “the 
science of the relations between the organisms and the environmental outer 
world” (1988 [1866]: 286). The related field of “ecosemiotics” can be defined 
accordingly as the study of the semiotic interrelations between an organism 
and its environment (for a critical definition, see Kull 1998). It means that a full 
description of perception cannot be given by analysing either the organism or 
its environment—organism-environment dualism—, but that we need an 
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approach which treats the “environment-as-perceived”. Perception, on this 
view, is not “organism-neutral”, hence the role of interaction and of mutualism 
of organism and environment (Ingold, 1992).

Music perception, in turn, can be conceived in terms of organism-environment 
interaction—with the music user as an organism and the music as environment 
(Reybrouck, 2006b)—and the related notion of “coping” with the world. 
Ecological perception, in fact, studies the human cognitive and perceptual 
apparatus in the service of survival and orientation in the environment 
(Shepard, 1984). As such, it is related to adaptive behaviour, which fits in with 
the claims of biosemiotics as an area of knowledge which describes the 
biological bases of the interaction between an organism and its environment 
(Hoffmeyer 1997a, b, 1998, Sebeok, 1998, Sebeok & Umiker-Sebeok, 1992). 
Music, on this view, can be considered as a challenging “environment” and the 
music user as an organism that must adapt itself in order to cope with this 
environment. To quote Ingold: “the environment sets the problem, in the form 
of a challenge; the organisms embodies the solution, in the form of its adaptive 
response” (Ingold, 1992: 40-41).

There is, however, no tradition of thinking of music in ecological terms (see 
Gaver 1993a, b, Reybrouck, 2005a, Windsor, 2004, see also Godøy, 1999, 
Martindale & Moore, 1989, McAdams, 1993; Neisser, 1987). The broader field 
of ecological perception in general, on the other hand, is an established 
research domain with considerable theoretical and empirical grounding. Its 
major focus is on “visual” perception but some of its basic claims are likely to 
have relevance for the field of audition as well. A major problem, however, is 
the time-consuming character of music as a temporal art: it challenges the 
claims of direct perception (see below) in calling forth mechanisms of cognitive 
processing and conceptual construction of time (Reybrouck 2001b, 2004b). It 
is interesting, therefore, to explore some basic contributions from the 
ecological approach which may be translated to the realm of music. I see four 
major topics: (i) James Gibson’s contributions of direct perception—together 
with his conception of the senses as perceptual systems and his concept of 
affordances—, (ii) the principle of reality and cognitive economy, (iii) event 
perception, and (iv) ecological acoustics.

The concept of ecological perception goes back to Gibson (1966, 1979, 1982). 
He has provided a wealth of conceptual tools which are valuable instruments 
for giving an operational description of the process of perception. His key 
concept of direct perception, e.g. (see also Michaels & Carello, 1981), 
conceives of perception as occurring immediately without the mind intervening 
in this process. It involves direct contact with the sensory stimuli, which elicit 
reactions in a kind of lock-and-key approach. It means further that information 
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is processed in an “all-or-none way” as a “discrete” reaction to stimuli which 
are continuous. The advantages are obvious: there is the speed of processing 
and the adaptive value for surviving in case of threatening situations. 

Direct perception, however, is a somewhat ill-defined category (Reybrouck, 
2005a). It calls forth direct reactivity to the environment, but it is dependenton 
processes of learning and development as well. A central notion in this 
approach is Gibson’s concept of information pickup: perceivers ‘‘search out’’ 
information which then becomes ‘‘obtained’’ information. They pick up 
information which is already part of the environment and which affords 
perceptual significance for the organism. In order to do so, they must not lean 
on ‘‘senses’’—which simply function to arouse sensations—, but on 
“perceptual systems” which are tuned to the information that is considered to 
be useful. Perception, on this view, is not to be explained in “mechanistic” 
terms of stimuli and reactions, but in terms of active systems that search for 
information. As Gibson puts it:

We shall have to conceive the external senses in a new way, as active rather 
than passive, as systems rather than channels, and as interrelated rather than 
mutually exclusive. If they function to pick up information, not simply to arouse 
sensations, this function should be denoted by a different term. They will be 
called perceptual systems (Gibson,1966: 47).

There are basically five of them: (i) the orientation system, which is the basic 
system from which the other systems take their starting point, (ii) the auditive 
system, (iii) the haptic system, (iv) the smell and taste system and (v) the 
visual system. All of them are oriented to the direction of attention through 
adjustments of the bodily posture and exploratory movements. As such, it is 
possible to conceive of the “eye-head system”, the “ear-head system”, the 
“hand-body system”, the “nose-head system” and the “mouth-head system”, 
with the orientation of the head and body being presupposed as a default 
condition, and the movements of eyes, ears, hands and mouth being in 
addition. Stimuli, on this view, are not merely stimuli, but stimuli to be 
“searched for”. It means that perceptual systems are more encompassing 
systems than mere sensory receptors for exploring the environment: they 
involve the whole gamut of exploratory movements (sniffing, sensing, groping, 
directing the head to the stimuli, fixing of the gaze...) which facilitate the 
process.

What matters in this approach, is a conception of perception as an active 
process of information pickup. Rather than being the passive registration of 
sensory stimuli coming from the outer world, it aims at the acquisition of 
knowledge (Michaels & Carello, 1981). Hence the role of key concepts as 
attunement, reciprocity and resonance and the corresponding perceptual 
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processes of detection, discrimination, recognition and identification. 

The perceivers, on this view, must attune themselves to the information which 
is available in order to pick it up through mechanisms of attentional strategies. 
To the extent that this is done more easily and more efficiently, it is possible to 
consider also the role of perceptual learning (Gibson,1966). The perceiver, 
then, relies on mechanisms of “information pickup” and “information extraction” 
by searching actively for useful information. 

This brings us to the concept of affordances, which, according to Gibson, are 
environmental supports for an organism’s intentional activities. Animals—and 
by extension also human beings—are sensitive to the functional characteristics 
of their environment. They perceive environmental objects in terms of what 
they “afford” for the consummation of behaviour rather than in terms of their 
objective perceptual qualities (Gibson, 1979: 127, see also Gibson, 1966, 
1982). 

These affordances are “subjective” qualities that render the environment apt 
for specific activities—supporting locomotion, concealment, manipulation, 
nutrition and social interaction for the animal—but they are “real” and 
“objective” as well: 

An important fact about the affordances of the environment is that they are in a 
sense objective, real, and physical, unlike values and meanings, which are often 
supposed to be subjective, phenomenal, and mental. But, actually, an 
affordance is neither an objective property nor a subjective property: or it is both 
if you like. An affordance cuts across the dichotomy of subjective-objective and 
helps us to understand its inadequacy. It is equally a fact of the environment and 
a fact of behavior. It is both physical and psychical, yet neither. An affordance 
points both ways, to the environment and to the observer (Gibson,1979: 129).

It is not difficult to apply this to the realm of music: sounds, e.g., can be 
objectified as things which can stand off against us, resist us or even harm us. 
Music users, then, should try to understand music in terms of what it affords to 
them rather than relying merely on its acoustical qualities. The question, 
however, is what these “musical affordances” are? 

Several options are possible here. One of them is to rely onperceptual-motor 
interactionswith the sonic environment in an attempt to broaden the cognitive 
structures from the rather limited linguistic categories to those categories that 
are the outcome of perceptual-motor interactions with the environment (Mazet, 
1991: 92). What matters here is a broadening from mere “perceptual” to 
“functional categories” of cognition, integrating both perceptual attributes and 
classes of action (Mazet, 1991: 100). The case of a driver who crosses a rural 
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landscape, a village or a city is illustrative at this point: in trying to describe his 
crossing, there is a difference between a description in terms of “nouns” or 
“adjectives”—referring merely to perceptions of the environment (valley, 
meadow, forest or village elements as church, market, shop)—as against a 
description in terms of “action verbs”—referring to speedways and busy traffic.

The same holds true for music, which we can compare to a kind of sonic 
landscapewith places to be labelled in perceptual or actions terms. As to the 
“perceptual aspect”, many fragments of music can be considered as “sonic 
biotopes” which resemble the natural biotopes of an interesting landscape. 
Inspection of the titles of many movements of classical romantic music is 
revealing at this point. But it possible also to describe things in terms of their 
activity signature (Beck, 1987). The word “chair”, e.g., means something to sit 
down or get up. This motor element in applying descriptive categories was 
already advocated in earlier theories of categorisation (Rosch & Lloyd, 1978), 
but the translation to the domain of music mostly still has to be done (see 
Delalande, 1984, Godøy, 1997b, Lidov, 1987, Reybrouck 2001b).

There are, as yet, many possibilities that stress the “action aspect” of dealing 
with music. I mention five of them: (i) the sound producing actions proper, (ii) 
the effects of these actions, (iii) the possibility of imagining the sonorous 
unfolding as a kind of movement through time, (iv) the mental simulation of this 
movement in terms of bodily based image schemata and (v) the movements 
which can be possibly induced by the sounds (seeGodøy, 1997b, 2001, 
Johnson & Larson, 2003, Reybrouck, 2001b).

“Sound producing actions”, obviously, are primary examples to function as 
musical affordances. According to Godøy (1997b, 1999), there are singular 
“sound-producing actions”—like hitting, stroking, kicking, blowing etc.—as well 
as more complex or compound actions—such as drumming a rhythmic pattern 
or sliding up and down a melodic contour. But even the metaphors used in 
talking about music refer to sound-producing actions (slow, fast, up and down 
...) and the same applies to many musical terms like martellato, leggiero, 
tenuto, and legato. 

The “effects” of sound producing actions provide another approach to musical 
affordances. Sounds, in fact, mostly are effects of natural forces. They convey 
meaning which invites the listener to “react” to them or even to “cope” with 
them. As Dewey puts it:

[Sounds are] effects of the clash, the impact and resistance, of the forces of 
nature. They express these forces in terms of what they do to one another when 
they meet; the way they change one another, and change the things that are the 
theater of their endless conflicts. The lapping of water, the murmur of brooks, the 
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rushing and whistling of wind, the creaking of doors, the thud of fallen objects, 
the sobs of depression and the shouts of victory—what are these, together with 
all noises and sounds, but immediate manifestation of changes brought about by 
the struggle of forces? Every stir of nature is effected by means of vibrations, but 
an even uninterrupted vibration makes no sound; there must be interruption, 
impact, and resistance.“ And further: “Sound stimulates directly to immediate 
exchange because it reports a change. A foot-fall, the breaking of a twig, the 
rustling of underbrush may signify attack or even death from hostile animal or 
man. Its import is measured by the care animal and savage take to make no 
noise as they move. Sound is the conveyer of what is likely to happen. It is 
fraught much more than vision with the sense of issue (Dewey, 1934/1958: 236 
& 238).

There is, however, a distinction between the effects of self-produced sounds 
and sounds which come from the outer environment, but both can be 
evaluated as to what they afford to human beings. 

The possibility to imagine the sonorous unfolding as movement through time, 
thirdly, is another way of dealing with music. It leans upon “body-based image 
schemata”—as advocated in cognitive linguistics (see above)—which claim 
that conceptual structures are meaningful because they are tied to 
preconceptual bodily experiences. They use the body as a reference for 
interactions with and making sense out of the outer world and are basically 
“egocentric” in describing subjective experiences in terms of bodily metaphors. 
As such, it is possible to conceive of music as movement over time, and this 
movement, in turn, can be imagined as movement of our body. Listening, then, 
involves a kind of motor imagery that projects our bodily movements on the 
music. 

This bodily projection, further, is rather complex, as the music can be 
conceived as the mover, but the listener can move as well (see above). As 
such, it is in a way related to the distinction between the objective-exosomatic 
and subjective-endosomatic realm of cognition (Lidov, 1987) and the 
distinction between the observer and the observed thing. What I argue for, 
therefore, is a kind of phenomenal experience which involves the experience 
of movement but without the action being actual or manifest. It corresponds to 
the so called internal imagery—or first person perspective—which enables the 
transition from overt action to internalised forms of action. The whole process 
calls forth a kind of motor empathy and ideomotor simulation, allowing the 
listener to experience the music as something that moves over time, while 
simultaneously experiencing this movement as movement of the own body 
(Reybrouck, 2001b). 

A final interpretation of music in terms of affordances is the possibility to move 
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as a reaction to the music. Movements, in fact, can be induced by sounds. The 
whole domain of dance music is illustrative at this point, but it is possible to 
move with other kinds of music as well. Music, then, is a stimulus for 
movement and is perceived in terms of its motor induction capacities. The 
movements can be specific and articulate, but they can relate also to more 
general levels of motor induction, as illustrated in the energetic approaches to 
music psychology, advanced, e.g., by Kurth (1931) and Mersmann (1926). 
This level of ideomotor simulation can be basically conceived of as “forces” 
and “energies” that are inherent in musical structures which, in turn, account 
for our perception and imagination of “tension”, “resolution” and “movement”.

9 Categories and categorisation: 
the principle of reality and cognitive economy

Dealing with music in ecological terms is a challenging approach (Gaver, 
1993a, b,Reybrouck 2005a,Windsor, 1995, 2004). It stresses the adaptive 
value of coping with the sounds in terms of interaction between listener and 
environment. There is, in fact, no causal relation between the objective 
qualities of the sounding music and their perception by the listener. Most 
listeners, in fact do not rely on “auditory listening” which focuses on the 
acoustical characteristics and musical dimensions of the music. They listen, on 
the contrary, in ecological terms and in terms of global extramusical categories 
(Reybrouck, Verschaffel & Lauwerier, submitted). 

There is no unambiguous explanation for this phenomenon. Yet, there is an 
ecological assumption which states that common strategies of sense-making 
rely on cognition as a schematising process that ecologises the stuff of the 
world, either to render it more assailable by the organisms or to accommodate 
the organism to its environment (Shaw & Hazelett, 1986). As such, it is related 
to the principles of categorisation with their basic principles of cognitive 
economy and the principle of reality. 

Categorisation, in the main, is a cognitive activity that stresses the importance 
of providing the maximum of information with the least cognitive effort. This is 
“cognitive economy”: it allows the perceiver “to render discriminably different 
things equivalent, to group objects and events and people around us into 
classes, and to respond to them in terms of their class membership rather than 
their uniqueness”(Bruner, Goodnow & Austin, 1956). It means also that 
genuinely diverse inputs lead to one single output, without preserving the 
shape, size, position and other formal characteristics of the stimulus (Neisser, 
1967, 1987). As such we use categorisation as a tool for managing complex 
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environments: it is fundamental to any sort of discrimination task and is 
indispensable in using previous experiences to guide the interpretation of new 
ones. 

Categorisation, further, mostly starts from the assumption of an implicit 
ontological realism—as advocated already in the early work of Rosch on 
categorisation (Rosch 1977, Rosch et al., 1976, Rosch & Lloyd,1978, see also 
Dubois, 1991)—, claiming that the perceived world is not unstructured, but 
consists of real and natural discontinuities and co-occurrent properties. It takes 
the categories in the external outer world for granted, as advocated in 
“objectivist cognition” or “objectivist semantics”. Categorisation, however, does 
not deal merely with “ontological categories” but with conceptual structures 
which contain constituents that are differentiated by major ontological category 
features such as thing, place, direction, action, event, manner and amount, 
smell and time (Jackendoff, 1988). As such, it brings together the claims of 
“objectivist“ and “conceptual” or “cognitive semantics” (Reybrouck, 2005a).

The principle of cognitive economy has many implications. An example is the 
difference between recognising a sounding object or sonic event as a discrete 
entity and the experience proper of its sonorous articulation over time. It brings 
us to the related distinction between categoricalvs. auditory perception. 
Categorical perception is economical: it assigns one discrete meaning to an 
event that is evolving over time. Auditory perception, on the contrary, relies on 
auditory or acoustical listening which provides a phenomenological description 
of the sound in terms of its acoustic qualities. Purely auditory or acoustical 
listening is quite improbable (Handel, 1989): observers do not perceive the 
acoustical environment in terms of their acoustic qualities but rather in terms of 
ecological “events” (Balzano, 1986, Lombardo, 1987). What matters, then, is 
not really the continuous flow of matter in the physical world—music in its 
acoustic qualities—, but “music-as-heard” and the way the music user can 
make sense of it. 

There are two possibilities for doing so. The first is the reliance on auditory 
images (McAdams, 1984) as psychological representations of sound entities 
which exhibit a coherence in their acoustic behaviour. The second is related to 
event perception which allows the listener to recover invariant patterns over 
time. Events, in a more operational definition, can be considered as higher-
order variables with time-varying complex acoustic properties which can be 
described in terms of their invariants. 

The concept of “event” is an interesting conceptual tool: it brings together 
perceptual and conceptual knowledge, as events are continuous in their 
unfolding but discrete in their labelling. They involve, further, “changes in 
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objects or collections of objects” (Michaels and Carello, 1981), allowing the 
extraction of invariants which can be structuralor transformational(Bartlett, 
1984, Michaels & Carello, 1981, Shaw, Flasher & Mace, 1996): structural 
invariants refer to features that are not—or only slowly—changing, while 
transformational invariants refer to styles of change (Shaw & Pittenger, 1987). 

The perception of events, on this view, can be defined in intuitive terms as 
something happening to something, with the “something happening” being 
specified by “transformational” and the “something” to which something is 
happening by “structural” invariants (Michaels and Carello, 1981: 26). 
Transformational invariants specify the change that is occurring in or to the 
object, structural invariants describe the object by itself. Recognition of the 
sound of a clarinet, for example, is a structural invariant, the specific 
articulation of the sound is transformational.

The concepts of structural and transformational invariants and of events are 
tightly intertwined: the former act as a kind of “glue” that “unitises” sequences 
of stimulus information into coherent events (Bartlett, 1984). They allow us to 
describe events both at a glance and in their temporal unfolding, providing a 
propositional and a continuous description of invariant patterns over time. As 
such, it is possible to conceive of event description in a propositional way and 
to specify an event (E) perceptually when both the transformational (TI) and 
the structural invariant (SI) are available to be detected. An event, then, can be 
specified when the two-variable function E(TI, SI) can be evaluated (Shaw et 
al. 1996). To give an example: an event involving a bouncing ball might be 
denoted as E(TI = bouncing, SI = ball) = bouncing ball. 

“Events”, further, behave as basic building blocks. They function as units in 
perception and memory, calling forth an “ecological approach” to memory 
phenomena, which is related to the concept ofschemata and the three core 
ideas of event perception: (i) the units of perception and memory are 
temporally extended “events”; (ii) the basis of perception and memory is the 
pick-up of invariants over time; and (iii) perception and memory are essentially 
veridical. 

Event perception, thus, is related to principles of “cognitive economy”. It allows 
the music user to cope with the sonic world in a way that is less demanding as 
to processing efforts. There is, e.g, a difference between the recognition of 
basic level events such as impacts, scraping, and dripping, as well as more 
complex events such as bouncing, breaking, spilling, and machinery as 
against the acoustical description of these sounds. The same holds true for 
complex acoustic events such as e.g. the sound of a propeller airplane (the 
event) as against a technical description of the same event as “a quasi-
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harmonic tone lasting approximately three seconds with smooth variations in 
the fundamental frequency and the overall amplitude” (Gaver 1993a). At this 
level of description there is a distinction between what we actually hear and 
what we think we hear—our interpretation of what we hear. There is, in fact, a 
difference between the experience of hearing events in the world—to hear a 
sound in terms of its source—and hearing these sounds for themselves. 
According to Gaver (1993) this is the distinction between everyday 
listening—which is reducible to the perception of sound-producing 
events—and musical listening which reduces to the experience of soundsin 
terms of their sensory and acoustic qualities. 

Music theory has hardly ever addressed the topic of everyday listening. The 
claims, however, are challenging in the sense that may provide means for a 
better understanding of the process of listening. To quote Gaver:

Studies of everyday listening may serve as the foundation of a new framework 
for understanding sound and hearing... What should an account of everyday 
listening be like? It must answer two fundamental questions. The first question is 
“What do we hear?”. In seeking to expand accounts of sound and hearing 
beyond the traditional preoccupation with sensations such as pitch and 
loudness, we must develop a framework for describing ecologically relevant 
perceptual entities: the dimensions and features of events that we can actually 
hear. The second question is “How do we hear?” As we expand our account to 
include dimensions and features of events, we must also develop an ecological 
acoustics, one which describes the acoustic properties of sounds that convey 
information about the events we hear. The first question deals with the content 
of everyday listening, while the second deals with he acoustic structures that 
allow that content to be heard. By exploring both questions together, then, we 
can start to build a psychophysics of auditory event perception, in which the 
relations among perceptual and acoustic dimensions of events are examined 
(Gaver, 1993a: 287)

10 Conclusions and perspectives

In this paper I have focussed on the process of dealing with music, stressing 
the role of the musical experience proper. In order to do so, I have tried to give 
a rather extensive overview of both theoretical grounding and empirical 
evidence, relying heavily on some seminal works of Dewey, James and von 
Uexküll as well as on the findings of current neurobiological research. 

A major claim of my contribution is the definition of dealing with music as a 
musical behaviour that is in a way reducible to the basic mechanisms of 
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sensorimotor interactions with the sonic world. These interactions can be 
actual and manifest—as in “conservative behaviour”—but they can be carried 
out also at the level of imagery and representation, stressing the role of 
ideomotor simulation and symbolic play.

Another claim is the aim to provide an operational description of the process of 
dealing with music. Besides the observable and manifest behaviour I have 
argued for the introduction of both subjectivity and intentionality in my 
approach, in order to provide a viable framework for describing the process of 
sense-making out of the perceptual flux.

An additional claim, finally, is my intention to go beyond a merely descriptive 
approach to the process of dealing with music, and to argue for the desirability 
of changing the kinds of common interactions with the sounds. In order to do 
so, I have introduced the concept of music users as adaptive devices which 
are able to change their semantic relations with the sonic world. As such, it is 
possible to conceive of an adaptive model of sense-making with the possibility 
to change all kinds of interactions, both at the sensory and effector interfaces 
and at the level of the mental computations. It allows us, finally, to apply these 
theoretical claims to the whole field of music education and music learning in 
general. 
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