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Abstract 

 

[99] This is a programmatic paper. It elaborates on the concept of similarity as a 

cognitive tool for sense-making in music. Taking as a starting point the 

definition of similarity as a relational concept it tries to provide a description in 

terms of standard and goal that can be applied to the delimitation of elements as 

well as to the comparison of these elements with each other. As such it  focusses 

on three major topics: (i) the delimitation of elements, (ii) the comparison of 

these elements to themselves (self-reference) and to each other, and (iii) an 

operational framework for the delimitation of these elements. The latter is 

considered from the position of deixis and ecological perception, relying on the 

“deictic” act of mental pointing to elements that are eligible for deliberate 

attention as well as on the “ecological” principles of event perception and 



cognitive economy. It is possible, further, to conceive of pointing as an internal 

construction of an external operation, and to consider pointing as a predication 

process which can be applied to focal points as well as to events with at least 

some extension through time. 

 

 

INTRODUCTION 

 

There are several approaches to similarity perception in music. Depending upon 

the goal setting of the music user it can be used (i) as a heuristic device for 

music retrieval purposes, allowing the searcher to find a positive match between 

what he/she is looking for and  what has been found; (ii) it can be used also as a 

tool for sense-making, allowing the listener to experience a kind of recognition 

in listening to complex music; and (iii) it can be used as a syntactic category in 

order to build up coherence over time.  

 

There is, further, a dynamic tension between similarity as a structural feature of 

the sounding music [100] and similarity as perceived by the listener, somewhat 

analogous to Lerdahl’s (1988) distinction between “composing” and “listening 

grammars” which stresses the distinction between intended and perceived 

structure of the music. 

 

This paper is about musical sense-making and the role of similarity perception 

in this process. It conceives of listeners as epistemic systems that build up 

semiotic linkages with the sounding world (Reybrouck, 2005a, 2006). These 

linkages determine the categories of perception and cognition that are available 

to the system, but to the extent that they can be modified, the system can learn to 

make new distinctions and create new observational categories or “observables”, 

as Cariani coins them (Cariani, 2003). As such, listeners can be considered as 



adaptive epistemic systems that determine the semantic relations with their 

external world through processes of selection and delimitation and by giving 

semantical weight to these distinctions. 

 

Musical knowledge, in this view, can be generated as a tool for adaptation to the 

sonic world. Music, in fact, can be conceived as a universal phenomenon with 

adaptive power. According to Miller (2000, see also Trehub 2003), it 

exemplifies many of the classic criteria for complex human adaptation: (i) no 

culture in any period of recorded history has been without music (universality); 

(ii) the development of musical abilities is orderly; (iii) the ability is widespread 

in the sense that almost every normal adult can appreciate music and carry a 

tune (basic perceptual and performing skills); (iv) adults can recognize 

thousands of melodies, implying specialised memory; (v) special-purpose 

cortical mechanisms are involved; (vi) there are analogues in the signals of other 

species such as songbirds, gibbons, and whales, raising the possibility of 

convergent evolution; and (vii) music can evoke strong emotions which implies 

receptive as well as productive adaptation.  

 

Music, thus, is not to be seen as an evolutionary luxury, but  is grounded in the 

“ecological” approach to knowledge generation which studies the human 

cognitive and perceptual apparatus in the service of survival and orientation in 

the environment (Shepard, 1984, and Reybrouck, 2001 for a musical analogy). 

As such, it goes beyond a merely structural description of the music, calling 

forth a process-like description of “coping” with the music as environment. 

What counts, in this approach, is not merely the sounding music in its objective 

qualities, but also the music as perceived and listened to. Listeners, accordingly, 

are supposed to make sense out of the music as a challenging environment. To 

do so, they should rely on basic mechanisms of information extraction with the 

perception of similarity as a major strategy. It is an approach that fits in with an 



adaptive model of perceptual categorisation that allows the assignment of 

salience to events that have adaptive value and that requires the negotiation of 

the ongoing activities of delimitation, discrimination and association of events 

(Edelman, 1989). 

 

The question, however, is on what listeners select to focus. Do they rely on 

innate and wired-in mechanisms of reactivity to sounding stimuli or do they call 

forth higher-level processes that relate to [101] levels of epistemic autonomy? 

Should we consider acts of deliberate attention, which are to a great extent 

arbitrary and subjective, or acts of obligatory attention that are triggered merely 

by perceptual saliency? According to Wiggins, there are three levels in coping 

with sounds: physics provide the basics on which general audition is founded, 

survival provides the selection force that perpetuates general audition and 

human associative memory and learning provides the rest (2007, p. 318). As 

such there is a basic tension between “nature” and “nurture” with both innate 

and acquired mechanisms of sense-making (Reybrouck, 2008). The question, 

however, should not be stated in terms of a choice between stimulus-driven, 

bottom-up processes or conceptually-driven, top-down processes, as both of 

these processes are continually in play in the perception and interpretation of 

music in its aural form (see e.g. Bregman, 1990, with his distinction between 

primitive and schematic perceptual processes). Even though one may distinguish 

these two aspects of perception in a  number of ways, both are routinely active 

and interacting with one another.  

 

In this paper it is argued  that listeners are able to learn to distinguish and to 

make sense out of these distinctions and observables with a corresponding shift 

from focal attention to acts of recognition and identification. In order to provide 

an operational framework for these claims, three major contributions are 

discussed below: (i) the deictic approach of mental pointing, (ii) the ecological 



approach to sense-making and (iii) the role of similarity perception in this 

approach.  

 

The “deictic approach” covers the aspect of how musical events can denote 

something and be delimited from each other. Arguing for a dynamic-vectorial 

approach to sense-making, it allows to describe listening experiences in a real-

time listening situation using concepts from linguistic theory, semiotics, the 

philosophy of language and logic. The “ecological approach” stresses that music 

listening is a real-world activity which should be studied with empirical 

methods. Here, general questions about the constituents of perception come into 

play which are analysed by means of several important concepts such as events, 

invariants and transformation. The “similarity perception” approach, finally, 

treats this process as an important element of perception in general and music 

perception in particular, with a stratification of the concept in different degrees 

of similarity. The major advantage of these approaches is the real-time and 

contextual embedding of the listening situation rather than  providing merely a 

post-hoc description of music as an artefact which proceeds mostly out of the 

time of actual unfolding. 

 

DEIXIS AND THE ACT OF POINTING 

 

The delimitation of sounding elements involves processes of focal attention that 

can be approached from the domain of deixis and indexical devices. This means 

that we should conceive of the listening process as a referential exchange 

between the music and the listener and that we can rely on linguistic 

[102] means in an attempt to allocate the points of focal attention in time and 

space. These linguistic means involve a number of  deictic terms which “pick 

out” or “point to” things in relation to the participants in a speech situation 

(Clark, 1978). To speak of the sound of “this” clarinet is an example. And 



referring back to the sound we just heard as “that sound”, or simply “that”, is 

another one. That sound is only obvious for the participants of the previous 

listening situation who shared an act of joined attention.  

 

These deictic terms are related to Peirce’s notions of index and indexical sign, 

which are signs that point to something else. They may be distinguished from 

other signs in having no significant resemblance to their objects, in referring to 

individuals, single units, single collections of units, or single continua, and in 

directing the attention to their objects by blind compulsion (Peirce, 1960: 172). 

A such, they are used in the same way as Bühler (1934) talks about “pointing 

words” as opposed to “naming words” (Lyons, 1982). They go back to the 

distinct fields of meaning which Bühler called the field of pointing and the 

symbolic field  (1982). The former holds a dynamic-vectorial approach to the 

world and is directive in nature; the latter relies on distancing and polarisation 

between the cogniser and the world. Speaking of a violin in general, for 

instance, does not imply the physical presence of an actual instrument. It can be 

conceived at a merely symbolic level—as can be done with all meaningful units 

of a linguistic lexicon. Listening to the sound of a violin, on the contrary, holds 

a dynamic approach that captures the temporal unfolding of the articulation of 

the sound. 

 

Deictic procedures and expressions are thus related to the field of pointing. They 

focus the hearer’s attention towards a specific element of the deictic space 

(Ehlich, 1982). As such they realise a form of joint attention, the sharing of 

overlap in the focal attention of the parties of a referential exchange. The means 

for doing this comprise a set of procedures, varying from such evolved linguistic 

devices as anaphora (referring back to text) and deixis (referring back to 

context) to simple ostensive pointing (Bruner, 1983, p. 68, see also Kita, 2003, 

for an extensive overview). 



 

All these devices have in common that they are helpful in singling out the things 

that are eligible for denotation. This is most obvious from the use of “pragmatic 

anaphora” which is a linguistic expression—mostly a deictic one—such as a 

demonstrative pronoun that is accompanied by a pointing gesture which 

indicates to the hearer the intended referent (e.g. I bought that [pointing] 

yesterday). In order to interpret the pragmatically controlled pronoun that, the 

listener must pick out the intended referent in his/her visual field, perhaps with 

the aid of the speaker’s pointing gesture (Jackendoff, 1987, p. 148). In a more 

linguistic sense, the concept of anaphora is used for referring back (catadeixis) 

to things just treated (this, that...) or things that are to be treated immediately 

(anadeixis) (Ehlich, 1982). In order to do this, one must have access to the flow 

of discourse as a whole, where parts may be re-taken up and anticipated To 

quote Bühler: “[the] whole must be accessible to sender and receiver, so that a 

wandering is possible, comparable to the passing of one’s gaze over an 

[103] optically present object. (...) The adequate production and reception of any 

piece of music, for example, requires not exactly this, but something similar.” 

(1982: 21) 

 

This brings us to the field of deixis, as Bühler (1934) coined the term. He 

presented as a main thesis that deictic expressions refer to a deictic field of 

language whose zero point (the Origo) is fixed by the person who is speaking 

(I), the place of utterance (here), and the time of utterance (now). As such, 

deixis, is a source of reference that locates individual elements in context, rather 

than simply tagging them.  It has its origin within the speaking situation, with 

the meaning of deictic expressions depending crucially on when, where and by 

whom they are used. As such, an ordinary speech situation can be systematised 

in terms of personal, spatial and temporal deixis (Fillmore, 1982). Deictic 

expressions, therefore, have to be defined with reference to the speech event, its 



participants and its settings in order to allow an operational description of 

space/time moments and their relations to the position and time of utterance 

(Fillmore, 1972).  

 

The deictic framework has proven to be fruitful in linguistics. It is possible, 

however, to translate it also to the realm of music. The perception of sonic 

events and their foregrounding/backgrounding, their categorisation, and 

specifying their interrelations are all clearly necessary aspects of music 

perception of which deictic concepts are appropriate and helpful. The fact that 

music has both a diachronic and a synchronic aspect makes this more the case 

rather than less.  

 

Music, further, is a temporal and sounding art which can be dealt with “in time” 

and “out-of-time”. The first approach proceeds in real-time and is coperceptual 

with the sounding music being presented to the senses. It holds a dynamic-

vectorial approach hat refers to real-time listening and that can be 

operationalised as a referential exchange between the music and the listener. It is  

also related to the “experientialist” approach to music perception which relies on 

actual experience of sounding stimuli (see Reybrouck, 2005b for an extensive 

overview). The “out-of-time” approach, on the other hand, relies on memory 

and representation with the music being present only at a representational level 

of virtuality. This is a “conceptual-symbolic” approach that does not rely on 

sounding stimuli but on their symbolic counterparts. It calls forth the role of 

internal modelling and mental representations which imply processes of 

abstraction, distancing and polarisation between the listener and the sounding 

stimuli (Reybrouck, 2006).  

 

The mental representations, further, may be continuous or discrete, but the latter 

are the more economical. They relinquish the particularities and idiosyncrasies 



of the sensory experience in favour of forms of conceptualisation which process 

the incoming information in a more discrete way. As such they are important 

cognitive tools that transcend the perceptual experience and that allow the 

listener to do “autonomous” processing—without “peripheral connection” 

through the senses (Langacker, 1987)—and to go beyond temporal and spatial 

constraints. They have adaptive value in transcending the frame of the present 

and in providing means for anticipatory behaviour of organisms in general. To 

[104] quote Edelman: “the development of short-term memory that was related 

to the succession of events and signals ... consolidated the evolutionary 

advantage provided by an integrated “mental image”, allowing the assignment 

of salience to events in terms of adaptive values.” (1989, p. 186). 

 

POINTING AS A PREDICATION PROCESS 

 

The act of (mental) pointing has descriptive power. It enables the listener to 

single out the noteworthy and to delimit the entities that are eligible for isolation 

and individuation in the field of experience. There are, however, different kinds 

of pointing. According to Bühler (1934) there are three kinds of them: 

demonstratio ad oculos, anaphora and deixis ad phantasma. The first involves 

direct demonstration—an act of gestural pointing—, the others are derived 

forms of pointing: they use the same deictic word anaphorically (e.g. “this”) or 

point in the imagination, replacing the index finger as the natural tool of 

pointing by other deictic aids. 

 

The act of singling out is most important. It is exemplified most typically in the 

use of pragmatic anaphora, which is a powerful tool that has some relevance for 

the perception of similarity. It is used traditionally for referring back (catadeixis) 

to things just treated in discourse (this, that...) or things that are immediately to 

be treated (anadeixis) (Ehlich, 1982).  



 

The singling out of entities, further, is dependent upon definite reference which 

implies cognitive prerequisites such as being able to pick out an object for 

someone else. According to Clark, this implies three major suppositions about 

the objects to denote: they must have an independent existence apart from the 

speaker and the listener, they must have the possibility to be individuated and 

they must belong to classes (1978, p. 91). This latter supposition brings about 

the description of the act of pointing in a logical sense, allowing the listener to 

assign some general description to the particular thing that is denoted. It is the 

basic assumption of a logical judgment as exemplified in a proposition  (p, q, m) 

which assigns a predicate variable (a, b, c ...) to an object variable (x, y, z ...) 

and which can be formally represented  as a ‘one-place predicate’ ( ‘ax’: x has 

the quality a). To give an example: a particular sound has the property of being 

bright (‘ax’: the sound (a) has the property (x)).  

 

This propositional approach has a number of advantages. It strips down the 

idiosyncrasies and particularities of sounding elements and conceives of them in 

terms of propositional functions (Reybrouck, 2004). Referring again to the 

clarinet example, it is possible to conceive of a typical sound from clarinet a, 

clarinet b, or clarinet c, each with their particular characteristics, as against 

conceiving of the sound of a clarinet in general as a more-encompassing 

category. The latter entails  a broadening of the mathematical concept of 

“denotative” function—which “denotes” a particular value of the function—to 

the logical concept of “propositional” function, as advocated by Whitehead and 

[105] Russell: “Let φx be a statement containing a variable and such that it 

becomes a proposition when x is given any fixed determined meaning. The φx is 

called a “propositional function”, it is not a proposition, since owing to the 

ambiguity of x it really makes no assertion at all.”  (1968, p.14). As such, it 



makes a difference whether we speak of “the” sound of a clarinet (φx) as against 

saying that “this” particular and actual sound is the sound of a clarinet (φa).  

 

The propositional approach, further, should transcend the limitations of 

traditional subject-predicate constructions which have proved to be inadequate 

as evidenced by the shortcomings of categorical grammars (Levelt, 1974) which 

are reducible to well-known linguistic categories—such as noun, verb or other 

syntactic categories—and the existence of languages without copula. The use of 

a copula (a word used to link the subject of a sentence with a predicate), e.g. 

does not exhaust all possible relations between the subject and the predicate. As 

such, it is possible and arguable, to enlarge the categories of subject and 

predicate to other categories such as predicate and arguments which can be 

treated formally as variables. This means that both the argument (x or a) and the 

function (φ) can be filled in deliberately, allowing the listener to select and focus 

at will in delimiting the argument to which a function should be assigned. 

Conceiving of sounding elements as functions involves an act of generalisation, 

filling in the arguments involves an act of particularisation. As such, there is a 

tension between the particularities of the sounding elements and the economy of 

labelling and representation.  

 

The dynamic-vectorial approach of mental pointing holds a position in between. 

It can try to capture the temporal unfolding of the sounding music both in a kind 

of snapshot or as a continuous gesture that keeps step with the articulation 

through time. As such, it is somewhat related to Langacker’s distinction between 

“processual” and “episodic nominalisations”: processual predications follow the 

temporal evolution of a situation and involve a continuous series of states that 

represent different phases of the process as occupying a continuous series of 

points in conceived time. The span of time during which the evolution is tracked 



is referred to as its temporal profile (1987, p. 244). Episodic nominalisations, on 

the contrary, refer to just one single instance of the process.  

 

This brings us to the temporal extension of the elements that are eligible for 

delimitation and which seems to be dependent both on the structural 

characteristics of the sounding elements as well as on the  reference time span of 

observation. Taking the actual unfolding of music in time, the listener can select 

and (mentally) point to delimited segments of this unfolding, extending the 

position in a time-series from discrete slices of time to larger temporal spans. As 

Godøy puts it, it is possible to establish a means of obtaining knowledge at 

different temporal levels (a single tone, a phrase, an entire movement) and “to 

move between different musical objects of different sizes, to “zoom” and “pan” 

both in and out and sideways and “filter out” different kinds of information.“ 

(1997, p. 40). As such, the temporal window can be very small or more 

encompassing with a possible transition from “high-frequency” or “high-

resolution” processing—in the range of about 10 milliseconds—to perceptual 

[106] units—in the range of 2-3 seconds—which allow event identification over 

time (Wittmann & Pöppel, 1999-2000; Wittmann, 1999). It brings us to the 

notion of musical events, which mostly have a clearly defined time of beginning 

and of ending and which have a gross temporal patterning as well. As such they 

hold a position between “invariance” and “change”. 

 

EVENT PERCEPTION AND THE ECOLOGICAL APPROACH 

 

The above-mentioned claims provide a deictic framework for the denotation and 

delimitation of sounding elements. Starting from acts of deliberation attention, it 

is possible to gather the focal points the listener is pointing at and to allocate 

these point in space and time. Each of these points can  be considered as a zero 

point in a deictic field, as the centre of a referential exchange between the music 



and the listener. Each new act of denotation, then, involves a shift from one zero 

point to another. Or put in other terms: the dynamic-vectorial approach allows 

the listener to conceive of the unfolding of the sounding music in terms of a 

wandering origo. It illustrates the operational power of the deictic framework. 

 

In order, however, to have some real-world validity, the framework must be 

grounded in empirical research that refers to data-based studies with two major 

questions: what do listeners mentally point at when they listen, and what is the 

motivation behind their acts of focal attention and delimitation? There has been 

a vast body of data-based research on the extraction of  criterial and musical 

features from sounding music (see the special volumes of Musicae Scientiae 

(2007, Forum 4A) and of Music Perception (2001, 3)) with a major focus on 

similarity perception and categorisation in listening to music. Most of these 

studies focus on music-structural features such as motivic and thematic 

similarity, key derivation and meter induction rather than on sonic events. Yet, it 

seems that simple auditory cues which are not specific to music, play an 

important role in similarity perception and categorisation as well (Ziv & Eitan, 

2007). 

 

The contributions of Deliège on cue abstraction should be mentioned here 

(Deliège, 2001a, b). Conceiving of “cues” as salient elements that are prominent 

at the level of musical surface, she argues for a similarity/difference model of 

real-time listening that is helpful in attracting the listener’s attention to some 

focal points that act as waymarkers for the marking out of musical time. The 

abstracted cues give access to memory for musical time as reference points that 

are organised during the process of listening (Deliège, 1995). Especially 

promising in this approach is the aim to develop an account which is congruent 

with real-time perception and which is not restricted to particular types of 

musical structures.  



 

As such, there is the possibility to broaden the research and to go beyond the 

constraints of the traditional parameters of music theory. The contributions from 

ecological perception can be especially [107] helpful here. They are related to 

the mechanism of “event perception” and “cognitive economy” as exemplified 

by the distinction between everyday listening and musical listening (Gaver, 

1993). Taking the example of a driving car, it is possible to pay attention to the 

pitch, the loudness and the timbre of the perceived sound and also to the way 

these parameters change with time. This is “musical listening” with the 

perceptual dimensions and attributes of concern having to do with the sound 

itself and the way the dimensions are used in its creation. It is possible, however, 

to notice also that the sound is made by a car with a large and powerful engine 

that is approaching very quickly from behind. This is an example of “everyday 

listening” with the experience of listening to events rather than to sounds. The 

perceptual dimensions and attributes which are of concern correspond to those 

of the sound-producing event and its environment, and not to those of the sound 

itself.  

 

The distinction is somewhat analogous also to Handel’s differentiation between 

categorical and auditory perception. The former relies on “discrete” processing 

with the “event” being heard directly and the “acoustic properties” of the sound 

being recovered only from memory. In auditory perception the “acoustic 

properties” are heard directly, with the perceptual events being deduced (1989, 

p. 274). The experience of time is critical in this distinction: auditory perception 

involves real-time processing, categorical perception relies also on memory and 

proceeds partially out-of-time.  

 

The question, however, remains, how musical events are defined, identified and 

extracted from the acoustic signal. Event perception is well studied in the visual 



modality, but our understanding of this in the acoustic modality is far more 

limited. Work in auditory scene analysis (ASA) (Bregman, 1981, 1990) and in 

computational auditory scene analysis (CASA) (Rosenthal & Okuno, 1998; 

Wang & Brown, 2006) and in music information retrieval (MIR) (Downie, 

2003, Müller, 2007) have to deal with questions like event identification, trying 

to come up with things like edge detection mechanisms for sounds, somewhat 

analogous to Marr’s (1987) computational investigation into the representation 

and processing of visual information. Bregman (1990) and his intellectual 

successors may serve as a starting point here as they drew an analogy between 

the perception of auditory and visual scenes and described a coherent framework 

for understanding the perceptual organisation of sound.  

  

This brings us to the topic of deixis as categorisation and the role of event 

perception and cognitive economy (see Reybrouck, 2005a). There is, in fact, a 

difference between the “recognition” of a sounding object or event as a discrete 

entity and the “experience proper” of its sonorous articulation through time. The 

recognition of events allows us to conceive of them in a propositional way and 

to specify an event perceptually in terms of “invariants”. 

 

The extraction of invariants, further, pertains to either static or dynamic features 

of stimulus information. As such there is a distinction between structural or 

transformational invariants (Shaw et [108] al., 1996; Michaels & Carello, 1981; 

Bartlett, 1984) with “structural” invariants referring to features that do not 

change over time or that change rather slowly, and “transformational” invariants 

referring to styles of change (Shaw & Pittenger, 1987). Both kinds of invariants 

underlie the perception of events which can be defined in operational terms as 

“something happening to something”, with the “something happening” being 

specified by transformational invariants and the “something” to which 

something is happening by structural invariants (Michaels and Carello, 1981, p. 



26). The typical sound of a string instrument is an example of this “something”, 

the different sound-producing actions on the strings (bowing, plucking with a 

finger or a plectrum) may illustrate the “something happening”.  

 

Transformational invariants specify the change that is occurring in or to the 

object, whereas 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. As such it is possible 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 in a 

propositional way 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. The distinction 

is somewhat analogous to the distinction of a value of a function y at point x and 

the change in value around point x, i.e. the value of the first derivative of y.  

 

The example is illustrative of event perception. It involves top-down processing 

of time-varying complex acoustic properties of sound which can be considered 

as higher-order variables. Events—as invariant patterns—are sequences of 

stimuli which are extended in time and which can be described in terms of their 

invariants. They behave as basic building blocks which function as units in 

perception and memory. As such they call forth an “ecological approach” to 

memory phenomena, which is related to the concept of schemata 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. These ideas are very similar to what is commonly known as the event 

perception hypothesis (Gibson 1966, 1979;  Bransford & McCarrell, 1977) 

which states that there is no clear dividing line between the traditional domains 



of perception and memory, and that the units of memory or perception can be 

greatly extended in time. “Events”, in this view, are the appropriate units of 

analysis, whether they are “fast”—as in perception—or “slow”—as in memory 

(Bartlett, 1984).  

 

Events, further, can be defined in an intuitive way as “things that happen”, 

involving “changes in objects or collections of objects” (Michaels & Carello, 

1981). It is obvious that the concepts of invariants—structural and 

transformational—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). [109] They make it possible to describe events both at a glance 

and in their temporal unfolding, providing both a discrete and an analog 

description of invariant patterns over time.  

 

The perception of events has adaptive value as well: event schemes are 

cognitive schemes which are helpful in making sense of the environmental 

world. What listeners consider to be an “acoustic” or “auditory event”, however, 

is dependent on the way they schematise the physical structures in the sonic 

environment and on the way these structures are considered to be relevant to 

their adaptive efforts to succeed in their interaction. As such, we can conceive of 

music cognition as a schematising process that ecologises the stuff of the world 

(events) either to render it more assailable by the organisms or to accommodate 

the organism to its environment (Shaw & Hazelett, 1986). This means that 

knowledge, as an instrument of adaptation, is not concerned with the 

representations of a “real world” but is a tool in the pursuit of equilibrium and 

for steering clear of external perturbations and internal contradictions. It is 

centred around the two fundamental principles of “assimilation” and 

“accommodation” in the sense that the mind primarily assimilates, that is, 

perceives and categorises experience in terms of what is already known (Piaget, 



1936, 1937). Cognitive assimilation thus comes about when a cognizing 

organism fits an experience in a conceptual structure it already has. Only if the 

result of this process creates a perturbation, a review is initiated that may lead to 

an accommodation. 

 

This is a purely biological way of thinking which led Piaget to a theory of 

knowledge that formulates the conceptual structure of knowledge as the product 

of active knowers who shape their thinking to the constraints they experience. 

This biological concept of adaptation, however, can be transposed to the realm 

of cognition, and music cognition, in this view, can be considered also as a tool 

for adaptation to the sonic world (Reybrouck, 2001, 2008).  

 

SIMILARITY PERCEPTION AND THE CONCEPT OF SIMILARITY 

 

The idea of event perception is an important conceptual tool. It allows the 

listener to make sense out of the sounding flux by identifying and recognizing 

sounding events. As such, it is closely related to the concept of similarity 

perception, which, according to Deliège, addresses various degrees of 

equivalence such as identity, repetition and invariant/variant relationship 

(2001a, p. 233). The concept of similarity, however, is ill-defined. According to 

the strictness of its definition, it is possible to distinguish between identity, 

similarity, analogy, homology, isomorphy and even more possibilities. The 

concepts of identity and invariance, however, promise significant operational 

power both as descriptive and explanatory terms. 

 

There is, first, a major distinction between full and partial identity, running the 

whole gamut between full identity and complex nonrelationship. The distinction 

has been exemplified already in music theory by approaches such as Reti’s, 

which distinguished between four stages of structural formation: [110] imitation, 



varying, transformation and indirect affinity. Imitation is defined as literal 

repetition of shapes; varying involves a change of shapes in a well traceable 

manner; transformation creates essentially new shapes though preserving the 

original substance; and indirect affinity produces an affinity between 

independent shapes through contributory features (Reti, 1961, p. 240). The 

distinction has been exemplified again in the structural approach of distributive 

linguistics with an emphasis on analytical “procedures of division” that take a 

starting figure and its possible transformations and that look for similarity 

between the figure and its transformation. A major emphasis therein has been, 

however, on repetition in the domains of pitch and time, besides the application 

of more complex operations such as permutations, addition and deletion and 

other aspects of grouping (Ruwet, 1972). It is preferable, however, to broaden 

the similarity detection approach from mere musical parameters such as melody 

and rhythm to events with more real-world validity and to introduce the 

concepts of invariance and transformation. 

 

The concept of invariance is an ecological concept that has adaptive power. It 

allows the listener to perform perceptual categorisations and to assign temporal 

unfoldings to a subset of time objects which are identifiable and recognizable as 

such (Reybrouck, 2004). These time objects can be delimited and being 

compared to each other, making it possible to conceive of them in terms of 

standard and goal.  

 

The acts of delimitation should go beyond the level of casual attention. which 

implies that the elements should have a sufficient level of identity in order to be 

identified and recognized. It reminds us of the delimitation of units as advocated 

in “systems theory” (Weiss, 1971). 

 



Elements, in this view, should be determined by three criteria: they are 

composite fragments of the universe, they should retain sufficient identity over 

time and they should deserve a name. It is possible, however, to go beyond this 

nominal description of delimited elements and to conceive of them in terms of 

“subjects” in a broader sense. Such a subject, according to Kuroda, is a primary 

unit of knowledge that is the content of a judgment: “That to which a judgment 

affirms or denies the attribution of a property is called the subject of the 

judgment, and that which the judgment affirms or denies of the subject is called 

its predicate.” (1976, p. 2). As such, it is possible to focus on the sounding 

events as subjects as well as on their properties. This is basically the distinction 

between “ecological” and “auditory” listening (see above) with the former 

referring basically to the sounding events and the latter to their properties.  

 

Similarity perception, further, can be approached from two positions: the 

delimitation of sounding elements and the comparison of these elements to each 

other. As such, it combines the deictic and ecological approach of denotation 

and delimitation with a relational approach. It is possible, in fact, to conceive of 

similarity as a relational concept which can be defined in terms of comparison 

between a target and a standard somewhat analogous to the usage of these terms 

in similarity measurement theories (see  Tversky, 1977) and category learning 

experiments (Medin & Schaffer, 1978; Nosofsky, 1988).  

 

[111] When the target is identical with the standard, however, there is full 

identity. It is possible, therefore, to include also the act of denotation in the 

relational approach, which means that something can be equated with itself (see 

Cambouropoulos, 2001, for an interesting overview). This is merely a kind of 

self-reference or reflexivity in a mathematical sense, but it is also the 

hermeneutical extension of the act of pointing that conceives of “something as 

something”, which is an important tool for exploratory listening and for the 



delimitation of elements in acts of deliberate attention. A further step is to 

identify this something at another place or time with at least some physical 

distinction between the things that are denoted. This involves a separate 

actuation of the same thing which is a very important distinction that can be 

dealt with in deictic terms. An additional distinction is the difference between 

internal and external similarity relations with the relations being identified in the 

same work (internal) or between distinct and autonomous musical entities 

(Deliège, 2007). 

 

In order to elaborate on these claims I propose a stratification of three levels of 

similarity. I conceive of them in terms of 0th, 1st and 2nd order similarity:  

− 0th order similarity is merely self-referential. It has a relation of identity 

with itself and is self-reflexive in a mathematical sense. 

− 1st order similarity introduces a physical separation between at least two 

actuations of denoted elements that are compared to each other with an 

additional constraint that the denoted elements belong to the same musical 

work or sounding environment. As such this kind of similarity relies on 

actual experience and memory.  

− 2nd order similarity introduces an epistemic cut between the 0th and 1st 

order similarity and elements that are outside the actual experience. As 

such it involves representation and imagery as well as long term memory.  

 

I consider the 0th and 1st order similarity to be of major importance for the 

experiential approach to music listening. They share the coperceptual aspect of 

at least one of the actuations of the denoted elements and are related to the field 

of pointing rather than to the symbolic field. The 2nd order similarity is only 

partially perceptually grounded. It proceeds also out of the time of actual 

unfolding of the sounding music. As such, it is related also to the symbolic field 

of meaning. The major advantage of this stratification is its operational power. 



0th order similarity has denotative power in gathering the things the listener 

selects for focal attention. As such, it has its starting point in the acts of attention 

rather than in the structural description of the music. 1st and 2nd order similarity, 

on the other hand, are relational in their basic claims. They go beyond mere 

mental pointing in providing cognitive tools for a structural description of the 

sounding music.  

 

SIMILARITY PERCEPTION AS A COGNITIVE TOOL 

 

[112] In listening to music, it is possible to distinguish between the structural 

characteristics of the music and the structuring by the listener (Reybrouck, 

2005a). Especially at the higher levels of cognitive processing, there seems to be 

a lot of subjectivity. Yet, there are universal processing mechanisms that go 

beyond the idiosyncrasies of individual and subjective reactions to the sound. As 

a rule this applies to the lower levels of processing—with the risk of 

psychobiological reductionism—and the ecological levels of coping with the 

world. There are, however, lawful commonalities at higher levels of perceptual 

processing as well. This seems to suggest that perception is not merely a 

primitive data-driven process which works independently of top-down 

influences. The Gestalt laws of perception are illustrative of this point. 

According to Pomerantz (1986) there are no fewer than 114 Gestalt laws for 

object perception, suggesting that they can hardly be built into a primitive data-

driven process. This sheer number simply calls forth higher levels of processing 

and information organisation, although some rules for recognizing the natural 

world’s regularities seem to be embodied in the hardware of our brains (see 

Reybrouck, 2008 for an extensive overview).    

 

The same holds true for similarity perception, which can be dependent upon 

both data-driven aspects of perceptual saliency as well as upon acts of deliberate 



attention. It is possible, however, to go beyond the level of extraction of salient 

features and to conceive of similarity perception as a cognitive tool for music 

knowledge construction as well. Similarity perception, in this view, should be 

related to the principle of cognitive economy. It allows the listener to 

“recognize” something and to rely on previous experience as a standard for 

comparison. Depending on the focal adjustment of the current experience, it is 

possible to take account of all or only a part of the facets of the actual 

experience. This is the basic tension between particularity and generality which 

can be used either for enhancing the actual experience or for performing mental 

computations.  

 

Two mental operations are of major importance here: to “distinguish” and to 

“recognize”. They exemplify the transition from the deictic process of mental 

pointing (to distinguish) which implies presentation to the senses, to recognition 

which implies an act of representation at a mental level. To the extent that this 

recognition takes a symbolic form, it is possible to deal with music at a 

computational level. As such, there is some analogy with the traditional 

approach to musical syntax which is relational in its basic claims.  

 

CONCLUSION 

 

This paper has argued for a deictic and ecological approach to similarity 

perception in music. Starting from a conception of listeners as epistemic 

adaptive systems, it conceives of music knowledge [113] construction as the 

outcome of learning to make new distinctions and observables. As such, it calls 

forth processes of delimitation and denotation which can be considered as acts 

of mental pointing. It is argued, further, that there is a continuity between 

delimitation and recognition, in the sense that identification of salient events 



relies on acts of self-reference, where recognition requires comparison between 

something and something else.  

 

The major contribution of this paper is a broadening of the conception of 

musical similarity from a rather reductionist approach in terms of musical 

parameters to an ecological approach of sounding events. It has been stated 

already that views from music theory are not always compatible with views 

from cognitive psychological approaches, and empirical studies (see Lamont & 

Dibben, 2001, for an overview) have shown also that listeners may use surface 

attributes rather than “deep structure” of the music, as evidenced in musical 

modes of listening. As such, this paper offers some conceptual tools for an 

operational description of the act of mental pointing relying on the field of 

deixis and indexical devices and the ecological approach of event perception and 

cognitive economy. These claims are programmatic to a great extent, but they 

can suggest directions for future research. Two major topics seem to be of 

interest: to assess empirically the elements to which listeners mentally point in a 

listening task and to assess the mental operations that are carried out on these 

elements. The former should transcend the limitations of parametric thinking 

and systems based approaches that lay constraints on the kind of elements that 

are selected for comparison. Rather than starting from well-defined standards for 

comparison with a target, future research should focus also on “things that are 

eligible for denotation” and that can act as standards for comparison.  
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