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Preface

The production of The Cognition of Order in Music was initially stimulated
by my interest in composition, where I felt the need to develop an adequate
theoretical basis to support attempts at writing music that combined the
time-honoured principles of canon with the twentieth century techniques of
multiple serialism. However, it quickly became apparent that the new
conceptual framework for which I was striving could be constructed only
through retrospection: to see the way ahead it was necessary first to observe
in detail the structures of extant pieces, and how the form of one related to
that of another. Hence, music theory and analysis became necessary avenues
of enquiry. The pursuit of these disciplines made me increasingly aware of
their intimate relationship with music psychology. Moreover, questions of a
philosphical nature were being raised: I felt the need to justify the systems
of thought underlying the theoretical model that was taking shape, and to
verify the propriety of the logic through which one proposition was leading
to another. Inevitably, then, what follows is a multidisciplinary work,
rooted in music theory, but embracing elements of musical analysis,
psychology and philosophy too.

Music is considered as a system of perceived sonic variables. Some of
these, such as duration, have a single axis of variability, while others, like
timbre, are multidimensional in nature; some gauge qualities such as loudness,
while others detail its perceived location in time or space; and some, like
pitch, pertain to individual notes, while others, including tonality, are
characteristic of a group. Each variable has many potential modes of
existence, or ‘values’, whose range represents the freedom of choice available
to composers. Conversely, each may be deemed ‘ordered’ to the extent that



its value is thought to be subject to restriction. The causes of such constraint
may lie beyond the composer’s immediate control: the selection of timbre
will be dictated by the availability of performers, for example, while a
singer may be unable to reach a particular pitch. Although the influence of
physical limitations such as these can be considerable, it is my contention
that most perceived sonic restrictions in fact function intramusically, through
the process of repetition: in short, a value may be thought to be ordered if it
is reckoned to exist in imitation of another. Since the vast majority of
listeners are quite unaware of this type of cognitive activity, clearly it need
not operate at a conscious level. Yet we can surmise that it must be present,
if only subliminally, otherwise an orderly sequence of sounds would prove
no more effective a means of musical communication than a random one,
which experience suggests is not the case. This hypothesis is examined in
the light of numerous musical examples, representative of the widest diversity
of styles.
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Introduction

Music seeks to communicate. To succeed, communication must be
intelligible, and a prerequisite of intelligibility is order (Arnheim, 1971,
p. 1). This sine qua non of musical coherence expresses itself in every facet
of the perceived sonic medium. In its absence there would be nothing but a
haphazard succession of irregularly varying pitches which, differing widely
in duration and time of attack, would describe wildly irregular rhythms,
unpredictable in loudness, coloured by a bewildering confusion of timbres
and proceeding indiscriminately from random locations potentially spaced
the world apart. A statement of the obvious, perhaps, yet the vast majority
of people have no overt cognisance of musical order. An intuitive grasp of
the concept must be widespread, however, otherwise most of us would be
unable to distinguish between organised sonic structures and the cacophonic
conditions outlined above, and music would be incomprehensible.

Since it is possible to listen to music, to take part in performances and
even to create new works perfectly satisfactorily without a conscious
awareness of musical order, the question naturally arises of how one can
justify its study. In my opinion, the enquiry is warranted since the notion of
order in music lies at the heart of the vast body of theoretical literature that
has grown up in cultures across the world. Occasionally, the issue appears
on the surface: Meyer (1973, p. 4), for example, observes that

A meaningful, a humanly viable world must be ordered and patterned
into relationships of some sort. This is the case not only in everyday
existence, but in the arts and sciences as well.



2 The cognition of order in music

Let us reflect, then, on some of the forms of musical order that have
evolved, beginning in the realm of pitch. This is subject to considerable
precompositional restraint in, for example, Indian classical music. Pieces
are improvised on a pitch framework or ‘raga’, which is a fusion of scalar
and melodic elements (Jairazbhoy, 1971, p. 28). This means that a performer
is not only restricted to certain standard arrangements of intervals (bearing
in mind the considerable discrepancies in intonation that may go unnoticed
in a musical context; Burns & Ward, 1978, p. 457), but constrained too in
the way that these can be used, since only particular patterns of notes are
permissible in, and characteristic of, a given raga (Jairazbhoy, op. cit.,
p- 38). Traditional Western music evinces a similar underlying order. For
many years the ecclesiastical modes held sway, until their authority was
eventually relinquished to the diatonic major and minor scales. These
exerted a tight control over pitch structure that was extenuated only through
the possibilities of chromatic inflexion and modulation. As in the East,
scales here came to underlie music hand in hand with the evolution of
conventions as to their use. Practices ranged from the persistent utilisation
of a few cadential formulae to the overall tendency of pitches to appear only
in certain juxtapositions. It would have been inconceivable for Haydn, for
instance, to end a symphony other than with a perfect cadence. Equally,
consider Simonton’s (1984) study of the first five two-note transitions of
over 15,000 Classical themes, in which he discovered that

arelatively small number of pairs account for the vast majority of transitions,
and certain pairs dominate melodic structure. (p. 5)

In fact, the four most commonly occurring pairs altogether make up over
one fifth of all two-note transitions. Both the nature of melodic and
harmonic stereotypes and the frequency with which individual pitches were
juxtaposed varied from style to style. As the listeners of a given era became
familiar with the ways in which pitches were typically associated, so the
feeling grew that each fulfilled a particular function in relation to the others.
Such aural images, fixed for us today in the concept of tonality, have
variously coloured musical thought throughout the world. Note, however,
that pitches can be ordered by other means too, as the serialist techniques
employed by Schoenberg and his followers show. In conclusion, it must be
stressed that scales, tonality and the other analytical constructs to be
mentioned below merely aim to promote a fuller understanding of music;
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their acquaintance is not necessary to experience pieces in a wholly
satisfactory manner (Serafine, 1983, pp. 144ff). A great many people
familiar with the song Yesterday (Lennon and McCartney, 1965), for example,
although being quite unaware of the concept of modality, would doubtless
notice something awry if it were played in a minor key. Clearly, this type of
musical order can be understood on a purely intuitive level.

The temporal structure of music is usually highly organised too. The
scores of many pieces, for instance, indicate events apparently occurring at
precisely regular intervals of time. An expressive performance would
demand that these be interpreted flexibly, however (Gabrielsson, 1982,
p. 42). The most pronounced periodicity in music, to which we instinctively
tap our foot or to which the conductor rather more deliberately waves his or
her baton, is widely referred to as the ‘beat’. Frequently beats are both
subdivided, giving rise to a quicker pulse, and grouped (on the basis of
accent, for example) to generate a slower cycle. The interaction of the two
levels of organisation is termed the ‘metre’ (Yeston, 1976, p. 67). Western
music etches a diversity of temporal designs, belying their utilisation of a
small number of different metres, which generally comprise patterns of two,
three or four beats. In this style, furthermore, one metre normally prevails
throughout a piece or a movement. Hence the relative disposition of
musical events in time is subject to stringent precompositional constraint.
‘We have come to expect durations to be strictly controlled too; on paper, at
least, a piece normally uses only a few different note-lengths, which are
related to one another by simple ratios (Fraisse, 1978, p. 243). A sequence
of durations may but need not bear metrical implications; conversely, a
given metre more naturally harbours certain arrangements of note-lengths
than others.

The combined effect of the onsets of notes, durations, and their relationship
to metre may be referred to as ‘rhythm’ (although the term has been defined
differently in the past—see, for example, Cooper and Meyer, 1960, and
Brown, 1979). The degree to which rhythm is ordered varies stylistically. A
number of cultures at some stage have made use of the concept of rhythmic
‘modes’—units constructed from combinations of poetic feet. The idea is
widely employed, for instance, in the classical Moslem world, where patterns
range from a few beats in length to as many as fifty (Malm, 1977, p. 75).
Similarly, Indians employ the concept of a periodic measure of time or ‘tal’,
which sets out both the number of beats in a cycle and the distribution of
stresses and accents within it (Jairazbhoy, op. cit., p. 29). A comparable
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method existed in mediaeval France, where, at the cathedral of Notre Dame,
a system of modes in ternary metre was devised that formed the rhythmic
basis of the organa, clausulae and motets of the 13th century (Apel, 1969,
p- 535). From here, it was a small step to the isorhythmic motet, where a
series of time-values or ‘talea’ was strictly reiterated in the tenor, whilst the
rhythms of the upper parts were more freely governed by the same principle
(Seay, 1965, pp. 133ff). In modern times, rhythmic practices have been
expanded through the techniques of serialism. In Boulez’s Structure Ia (1951—
1952), for instance, all durations hail from ingeniously derived permutations
of a twelve-term arithmetic sequence (Ligeti, 1958/1960, pp. 37ff). Here, it
seems, the intellectual control of sound has overtaken considerations of
perceptibility: such ordering may delight the sympathetic analyst’s eye, but
would surely escape the ear of the most discerning listener.

Traditionally, pitch and rhythm have together shouldered the burden of
the compositional dialectic, which the other qualities of sound, such as
loudness and timbre, have merely served to clarify (Boulez, 1963/1971,
p.- 37). Hence, the introductory brass fanfare from Tchaikovsky’s 4th
symphony, op. 36, would doubtless be recognised instantly if played
pianissimo on a celesta, but with equal certainty would not spring to mind if
the horn section were just to improvise at the appropriate dynamic level. We
simply wouldn’t consider it to be the same piece. That is not to say that
loudness and timbre are not of immense musical importance (clearly, the
heavenly tone of the celesta ill-befits the hammer blows of Fate), merely to
concede that they qualify, rather than define, musical structure. This
secondary role has ever been reinforced by the physical limitations of
instruments, which admittedly were adroitly exploited by composers before
the emancipation recently offered by electronically reproduced and
synthesised sound. Naturally, similar restrictions affected pitch and rhythm
too. The limited compass of the early pianoforte, for example, occasioned
musically unwarranted octave transpositions in the recapitulations of some
Classical sonatas, as in Mozart, K. 333, bars 43 and 139. Equally, it was
only Erard’s invention of the double escapement action, patented in 1821,
that made the soft, rapid repetition of a note possible on the piano (Marcuse,
1975, p. 333). Still, in comparison, loudness and timbre were especially
restricted. Only certain sounds can be produced on the violin, for instance,
despite the historical expansion of resources demonstrated by such devices
as harmonics (which appeared in the early 18th century), sul ponticello, col
legno, the Bartok pizzicato and Penderecki’s ‘sonic’ techniques (see, for
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example, his Dies Irae of 1967). In the same way, the oboe, for instance,
exhibits only a comparatively narrow dynamic range (Clark and Luce,
1965, pp. 152ff), even in the hands of a virtuoso such as Holliger.

The availability of instruments has variously affected composers too:
contrast Bach’s meticulous writing for the known instrumental forces of the
Margrave of Brandenburg, say, with the plight of Varése, who refused to
limit himself to sounds that had already been heard, and was thwarted
technologically for over thirty years before being able to embark upon his
initial essay in the electronic medium, Déserts, which was first performed in
1954. Differing styles have always favoured certain instruments and modes
of performance at the expense of others, in ways that must ultimately reflect
our changing cognitive predilections. There is a universal tendency to use
set instrumental and vocal combinations, ranging from the string quartet to
the Balinese gamelan, and from the rock group to the traditional church
choir and organ.

Convention further dictates the layouts of such ensembles, whose relative
importance varies according to circumstance. Hence a knowledgeable
listener (unlike the conductor perhaps) may be a little stirred, though
doubtless not seriously shaken, if the principal woodwinds in a symphony
orchestra exchanged seats. A comparable substitution could wreak havoc,
however, with the polychoral effects provided by G. Gabrieli for St. Mark’s,
Venice in the late 16th and early 17th centuries. A more general restriction
on musical space is demanded by occasional pieces, such as National
Anthems, which can be performed appropriately, moreover, only at particular
times. In the twentieth century, some composers have sought to extend the
organisational techniques previously associated with the ‘secondary’ aspects
of sound. For example, Schoenberg, as early as 1909, advanced the expressive
possibilities of timbre in the third of his Five Orchestral Pieces, Op. 16; Ives
initiated spatial innovations in his 4th symphony (completed in 1916); and
the control of loudness received fresh impetus from such works as Messiaen’s
Mode de valeurs et d’intensités (1949-1950). Finally, multiple serialism
has taken musical order to the frontiers of what is perceptible and beyond.

The foregoing account should leave no doubt as to the high degree of
order characteristic of each aspect of music, whether it be pitch, perceived
time, timbre, loudness or space. Furthermore, although theory permits
these elements to be discussed individually, in reality they are inseparable,
and a coherent musical structure requires that their diverse modes of
organisation be coordinated. Such coordination is essential if we are to cope
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with the sheer volume of aural information that any formation of sounds
conveys in a relatively short space of time. Even so, consider the immense
processing load imposed on listeners by a Mahler symphony, for example.
Such stylistic complexity is feasible only since we are able to adopt
appropriate strategies to ease the perceptual burden. One of these is our
ability to encode the musical message in ‘chunks’ (to use the term coined by
Miller, 1956, p. 92), whereby in traditional Western music, for example,
individual notes are grouped to form motives, which in turn combine to
make phrases, themselves constituting, for example, sentences, which are
the building blocks of sections, and so on (Schoenberg, 1967).

As formal units such as these evolved, so means of manipulating them
developed too. Since such manipulation characterises the vast majority of
music, it would be impracticable to mention all the possibilities here. So, by
way of example, we will take just one type of musical structure—imitation
(whereby one part echoes another before the first is complete)—and consider,
within this scheme, some of the procedures composers have seen fit to
adopt. The simplest of these, direct repetition and transposition, find a place
in the part-music of cultures across the world, from the native singing of
Flores, which includes an elaborate combination of canon and double drone
(Sachs, 1943, p. 51) to the head-hunting songs of the Naga, in the Congo,
where the voices enter at relatively longer distances (Schneider, 1957,
p. 21); from the canons of mediaeval times, such as the celebrated Sumer is
icumen in, to the Renaissance Masses of, say, Palestrina; from the eighteenth
century Musical Offering of Bach (BWV 1079) to the symphonies of Brahms
written over one hundred years later; and, more recently, from the string
quartets of Bart6k to the micropolyphony of Lutoslawski. Instead of
imitating its model directly, the part that follows may proceed by inversion.
Dowling (1971, p. 348) notes from earlier research that this technique is
prevalent both in Indonesia and Western Europe, where it appears as early
as the fifteenth century in such works as the Missa L'Homme Armé by
Obrecht, attains perhaps its ultimate expression in the mirror fugues that
constitute Contrapunctus XVI and Contrapunctus XVII of Bach’s Art of Fugue
(1748-1749), frequently appears in nineteenth century development sections,
for example, Bruckner’s symphony no. 7 (1881-1883), and figures centrally
in serialist thought, as Webern’s Symphony (1928) lucidly demonstrates.

A process analogous to inversion, though somewhat less frequently
encountered due, perhaps, to its relative perceptual obscurity (Dowling,
1972, p. 417), is retrogression. Even so, the Western tradition is sprinkled
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with renowned examples, including the pertinently titled Ma fin est mon
commencement by Machaut, the minuet of Haydn’s 47th symphony (1772)
and Der Mondfleck from Schoenberg’s Pierrot Lunaire (op. 21). Rarer still
is the compound technique of retrograde inversion, which is generally
cultivated only in theory books, although occasionally a specimen survives
in the world of music outside, such as the postlude in Hindemith’s Ludus
Tonalis (1942), which is an inverse retrograde form of the prelude. Any of
the methods of development described above may additionally incorporate
augmentation or diminution, which modify durations while maintaining
their proportions. Examples range from the Missa Prolationem by Ockeghem
to the fantasias of Sweelinck, and from fugue 8 (bars 77—82) in volume 1 of
Bach’s Well-Tempered Clavier to the last movement of Beethoven’s piano
sonata, op. 110, bars 160ff. While transformations such as these may
substantially alter a portion of music, none, in the examples given above,
affects the internal structure of configurations. This need not, however, be
the case, as many types of non-isomorphic change may be incorporated too.
For instance, pitch and rhythm may be subject to inconsistent mutation,
whereby different notes are altered to varying extents; some may even be
repeated exactly while others are subject to substantial modification. Then,
new material may be interjected between notes on a subsequent hearing;
alternatively, items may be omitted. The possibilities are virtually boundless.

The preceding paragraph outlines some of the principal ways in which
musical ‘chunks’ may be related one to another. When listening to music in
an analytical way, we may envisage many such relationships, which
accumulate during the course of a piece into a complex abstract network. In
conjunction with other features such as tonality this noetic structure yields
its own patterns to the mind striving for musical understanding, which are
generally considered to comprise the ‘form’ of the work in question. Although
the formal constitution of compositions is potentially as variable as their
content, certain basic principles do recur time and again. The principle of
‘return’, for example, whereby two (or more) appearances of a given
perceived sonic feature are separated by another or others (which may well
be derived from the first) is found in many styles, from European folk music
(see Nettl, 1965/1973, p. 92) to the choral songs of Central Australia (Ellis,
1965, p. 127); from the togaku pieces of the Japanese court (see Harich-
Schneider, 1953, p. 56) to the da capo arias of the Western Baroque; and
from Classical ‘minuet and trio’ to electronic works such as Stockhausen’s
Studie II (1954).
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So much for the various manifestations of musical order. The diversity of
these is to some extent matched by the widely differing explanations of
order in music that have been sought (cf. Serafine, 1983, p. 135). In the
West, over the last century alone, the question has been widely interpreted.
Schenker (1935/1979, p. xxiii), for instance, reiterates the time-honoured
view that order in music reflects the divinely governed proportions of the
universe:

All that is organic, every relatedness belongs to God ... even when man
creates the work and perceives that it is organic.

In a rather more scientific vein, Schoenberg (1911/1978, p. 23) speculates
that the major scale (and by implication, the pitch framework upon which
the majority of pieces in the Western classical tradition are founded)!

we can explain as having been found through imitation of nature. Intuition
and inference assisted in translating the most important characteristic of the
tone, the overtone series, from the vertical ... into the horizontal, into
separate successive tones.

Other writers have adopted a mathematical approach, recently exemplified
in certain analyses of serial music. Babbitt (1960, p. 246), for example,
notes that

the twelve-tone system, like any formal system whose abstract model is
satisfactorily formulable, can be characterised completely by stating its
elements, the stipulated relation or relations among these elements, and the
defined operations on the so-related elements.

He goes on to define the twelve-tone system as a ‘group’ in the strict
mathematical sense (op. cit., p. 249). In contrast, a sociological explanation
of musical order is advanced by Ballantine (1984, p. 5):

social structures crystallize in musical structures; ... in various ways and
with various degrees of critical awareness, the musical microcosm replicates
the social macrocosm.

1A view shared by a number of other writers, including Schenker (see, for example,
1906/1954, pp. 21ff).
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These diverse notions at least share one thing in common: the order that
each irhplies is not intrinsically musical. And while the elements of theology,
physics, mathematics and sociology expressed above are undoubtedly
germane to the issue of musical order, none of them addresses the central
question of how music is actually heard. Yet nothing exists or is known to
us except through perception (Ducasse, 1951/1976, p. 92). Therefore, if the
foregoing ideas are to be relevant to music per se, they must be aurally
justifiable.? Now it may be that certain people do hear music as modelling
divine precepts, as deriving from acoustical phenomena, as exemplifying
mathematical constructs or as mirroring the complexion of society. But
such statements are of limited value without appropriate riders indicating
who listens to which pieces of music in this way, and under what conditions.
Clearly, information of this type is much too specific to play anything more
than a subsidiary role in any theory of musical order that is generally
applicable. For that we would need to know how the majority of people
respond to the organisation inherent in a large number of pieces of music
heard in a wide variety of situations. This is one topic engaged by
psychologists working in the field of music cognition, whose general aim is
to investigate the processing of musical information; that is, how we perceive,
interpret, remember and react to aural stimuli (see, for example, Dowling
and Harwood, 1986, p. ix; Hargreaves, 1986, p. 15). Hence it is largely in
this discipline that the ideas of the present work are embedded.

My thesis is this: that the numerous and diverse manifestations of perceived
sonic control, while for sure involving many different cognitive processes,
rise from one essential source—namely, repetition. Admittedly, the
importance of repetition in the structure of music has been widely recognised,
although to my knowledge only Harris (1931) has devoted an entire article
to it. Other writers have been content to comment in the course of wider
discussion. Selincourt (1920/1958, p. 155), for example, notes that the

foundation of musical expression is repetition. [It] begins with the bar, and
continues in the melody and in every phrase or item into which we can
resolve it.

2See, however, Bukofzer (1947, p. 369): “The distinction of audible form and inaudible
order did not exist in baroque music. Music reached out from the audible into the
inaudible world, it extended without a break from the world of the senses into that of the
mind and the intellect.”
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Similarly, Zuckerlandl (1956, p. 213) writes:

music can never have enough of saying over again what has already been
said, not once or twice, but dozens of times; hardly does a section, which
consists largely of repetitions, come to an end, before the whole story is
happily told all over again.

See also Ruwet (1966/1987, p. 16), Abrahams and Foss (1968, p. 65), Apel
(1969, p. 725) and Sloboda (1985, pp. 4, 55 and 56). Composers have
themselves expressed the same view.> Stravinsky (1942, pp. 69 and 70), for
instance, observes that

we instinctively prefer coherence and its quiet strength to the restless powers
of dispersion—that is, we prefer the realm of order to the realm of dissimilarity.

According to Chavéz (1961, pp. 38 and 41):

repetition has been the decisive factor in giving shape to music ... the various
devices used to integrate form are, again and again, nothing but methods of
repetition.

Finally, consider Schoenberg’s (1967, p. 20) characteristically unequivocal
comment:

Intelligibility in music seems to be impossible without repetition.

In my view, all these statements are limited, however, in that they are
descriptive rather than analytical, for while they recognise the overriding
importance of repetition to musical comprehensibility, none of them reveals
just how the action of repeating sounds can contrive the illusion of order. It
is an explanation of this process that forms the core of the present work, and,
I believe, constitutes its chief claim to originality. In brief, it runs as
follows.

Music is considered as a system of perceived sonic variables, including,
for example, pitch, duration, loudness and timbre. Each has many potential
modes of existence, or ‘values’, whose ranges represent the freedom of
choice available to composers. Hence a note can be high or low, for
instance, short or long, loud or soft, and strident or dulcet in tone. These

31t is instructive to read Eschman’s critique of Hdba, who had claimed to have written
melodies in a style devoid of repetition (1945/1968, pp. 19£f).
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considerations are the subject of the opening chapters, beginning with an
investigation of just how sounds are perceived, and moving on, in chapter 2,
to an exploration of the relationships we apprehend between them. In
chapter 3, some of the individual qualities of perceived sound are discussed
in detail. I believe that each may be deemed to be ‘ordered’ to the extent
that its value is thought to be subject to restriction. The causes of such
constraints may well lie beyond the composer’s immediate control: only
certain pitches will lie within a given singer’s range, for example, whose
ability to sustain notes will be limited too. Then, instruments such as the
harpsichord conventionally have a predetermined dynamic level and one set
tone colour or more. These are physical limitations, that have little to do
with organisation of a purely musical nature, and although their influence is
considerable, it is my contention that most perceived sonic restrictions in
fact function intramusically, through the process of repetition: a value may
be thought to be ordered if it is reckoned to exist in imitation of another.
This theory is subject to detailed scrutiny in chapter 4, at the level of the
shortest apprehensible fragments of perceived sound. Chapters 5 and 6
explore the hypothesis further in general terms, respectively in the contexts
of sounds of palpable duration and groups of such sounds.

In the following chapters, specific issues are examined. Chapter 7 views
the distinct forms of order inherent in the musical experiences of composers,
performers and listeners. In chapter 8 the background order found in
perceived reverberation, the disposition of the sound source or sources,
loudness, timbre and number are investigated. In these and subsequent
chapters, musical examples are drawn from the widest variety of styles,*
with the hope of illustrating the universal applicability of the ideas that are
presented. Indeed, extrapolation from the data presented enables possible
future methods of structuring music to be mooted. Chapter 9 addresses the
question of perceived temporal order, followed by a review of the organisation
of pitch in chapter 10. Chapter 11 is devoted to an exploration of the co-
ordinated order found between pitch and rhythm, followed, finally, in
chapter 12 by an investigation of how different forms of organisation are
combined in the formation of a piece (Mozart, K. 333, 1st movement). To
conclude, we consider briefly how the current theory fits in with some of the
established patterns of twentieth century musical thought.

4Inevitably, though, there is a preponderance of examples from the genre with which I
am most familiar—pieces in the Western classical tradition.



Perceived sound and its constituents

Introduction

This chapter and the two following introduce the psychoacoustical
concepts that underlie The Cognition of Order in Music. First we distinguish
between our knowledge of events as they are perceived, and the external
reality from which this consciousness derives (cf. Agmon, 1990, pp. 286ff).
In particular, a distinction is drawn between ‘physical’ sound and its
perceptual concomitant, a phenomenon that is subsequently anatomised by
isolating and defining the attributes that characterise it at any instant. These
qualities too are compared with the physical systems that instigate them.
The conceptual resources gained through this piecemeal approach will fund
the more extended analyses that follow.

Sound and perceived sound

Although it is not generally acknowledged, the word ‘sound’ has two
distinct meanings. First, it refers to energy propagated from a resonant
source through an elastic medium of transmission as a longitudinal wave
describing successive compression and rarefaction. Second, it defines the
mental image we produce in response to such a system (Olson, 1952/1967,
p- 3). This semantic imprecision stems, I believe, from an underlying
conceptual confusion incurred by the vivid nature of perception, whereby
we are led to believe that our apprehension of ‘sound’ constitutes its
physical reality. In fact, what we hear is merely the result of a neurological

12
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reaction to sound itself, the percept bearing no resemblance to its stimulus.
In most day-to-day situations, this misconception is of little consequence,
but in the present study, which is largely concerned with what we perceive,
it would be intolerable. Accordingly, in an attempt to clarify the position,
the term perceived sound! will be used to distinguish it from its physical
counterpart. This expression has been used in the past—see, for example,
Randall (1967, p. 124)—though not with the consistency that will be applied
here.

Moments

Perceived sound is analysed in some detail, initially by isolating and
describing its smallest indivisible components. This approach has been
adopted in an attempt to make the theory that follows easier to understand.
It is not intended to suggest that under normal circumstances people listen to
music in this atomistic fashion.

The first step is to take ‘slices’ of perceived sound, each corresponding to
the narrow interval of time we apprehend as the present.? Music

comprises nothing more than a series of such events. (Davies, 1978, p. 48)

Each will be termed a moment,? a designation previously used by Boretz
(1970, p. 105), Bregman and Pinker (1978, p. 24) and Rahn (1983, pp. 52ff).4

IThis study presents a number of newly invented terms, as well as re-defining a
number of words in common usage. There are two reasons for this. First, because new
concepts are introduced whose subsequent reference demands they be labelled; and
second, to promote brevity and clarity of expression: where a phrase is needed so
frequently it would feel cumbersome, a single word is substituted. It will be appreciated
that a fine judgement sometimes has had to be made between the benefits so gained and
the disadvantage to the reader of having to learn a new word or definition before further
inroads into the text can be undertaken. With this in mind, wherever possible, inventions
and adaptations have been made with memorability as a prime concern. Key words are
printed in bold on their first appearance and are listed in the index.

20bserve that this approach goes at least one stage ‘further back’ than traditional music
analysis, which tends to regard notes as the fundamental, indivisible units of which music
is made up. Indeed, Schoenberg (1967), for example, treats the motive as the ‘smallest
common multiple’ of a piece (p. 8).

3Related adjective ‘momentaneous’.

4See also Fraisse (1964, p. 100): “A brief stimulus can be perceived without appearing
to be durable. Here we at the limit, which Piéron calls a ‘point of time’ by analogy with
space (La sensation guide de vie, 3rd ed., 1955, p. 401).”
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It is not possible to specify the length of a moment precisely. In part, this
is because the information we obtain from differing perceived sounds may
take different periods of time to resolve perceptually (cf. Gulick, 1971,
p. 141; Cogan, 1984, p. 141). Also, a moment comprises a number of
separate perceptual experiences which, in the related context of very short
sounds, have been shown to have non-uniform processing times (Wang,
1983, p. 82). Subject to qualifications like these, it seems that the duration
of a moment is approximately '/ second (Davies, op. cit., p. 49). Not that
the exact figure is important here; for present purposes, the definition
proposed by Boretz (op. cit., p. 105) of the ‘minimum discriminable time-
span’ is perfectly adequate. Some idea of how moments may be conceived
in musical terms is shown below.

Stravinsky: The Rite of Spring (1913)

)
1 @ Lento J= 50

may be regarded as being made up of many
individual moments of perceived sound thus:

Figure 1.1 Representation of moments in standard notation.

Moments are not predetermined building blocks that always go to make
up a perceived sound in the same way, but comprise samples of a continuous
medium that can be taken at any instant. Hence the moments that pertain to
a perceived sound may well differ from one occasion to another.

% e e et e Figure 1.2

I .- Moments differing from

P2y ' ﬁ :f—_ # ﬁ i‘; :f'- :f—' ﬁ F ) one occasion to another.
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Perspects

A perceived sound has various perceived aspects, which will be referred
to as perspects.®® A moment has three perspects which concern its nature:
pitch, loudness and timbre. Each moment has a perceived position in time,
referred to as its fix.” Perceived sound has an apparent source, whose position
with respect to the listener at any moment comprises three components
which may be referred to as the ‘perceived range’, ‘perceived elevation’ and
‘perceived azimuth’.

! Perceived
. Azimuth

Perceived
Range

Perceived

Perceived

N
Listener § i )
N \Elevatlon

Figure 1.3 The three components of the apparent source of perceived sound.

5This term could equally well be applied to other sensory modalities; cf. Garner’s
(1978) discussion of Aspects of a Stimulus.

6Related adjective ‘perspective’.
7This has the advantage of brevity over previous labels that otherwise fit the bill, such

as ‘time-point’ used by Babbitt (1962, p. 63).
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It is usually sufficient to consider the three perceived spatial dimensions
together, in a combination that may be termed the ‘perceived location’ or
plot.® Whilst the process of sound localisation has received considerable
attention in the field of psychoacoustics (for example, Gulick, 1971, pp.
185ff; Moore, 1977, pp. 170ff), the question of the perceived source of
sound has been aired only very occasionally in the realm of music theory.
See, for instance, in Stockhausen (1959/1961, pp. 68ff).

These are the perspects that pertain to moments of perceived sound.
However, with the exception of fix, they also apply to the ‘unsliced’
perceived sounds of which most music is actually made up—notes. These
longer perceptual units exhibit a number of other characteristics too, and
other attributes pertain to groups of perceived sounds considered together.
Furthermore, the perceived sonic environment has features whose effects
linger beyond the temporal confines of a moment, such as ‘perceived
reverberation’. All these perspects will be considered in due course (see, for
example, pp. 118, 119, 155, 158, 161ff, 266ff, 380, 494, 595 and 613).

Perspective particles and perspective values

The fleeting appearance of each perceived aspect of a moment may be
referred to as a perspective particle and represented as follows:

Figure 1.4 Representation of perspective particle.

Without its identity being compromised, a perspect can vary greatly in
the way it sounds or, with regard to fix and plot, in its perceived location in
time or space. However, a moment can by definition countenance no
change, since this would imply it had a palpable duration. Consequently,
each perspective particle is constrained to appear in any one state, termed a
perspective value.

81t is possible to consider the perceived location of a sound source in another sense—
relative to its environment. This would better reflect the constancy of plot that an
immobile source of sound may be supposed to maintain, even when we, as listeners, move
around it. However, the rather more limited definition given above is sufficient for
present purposes.
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To those oblivious of music-theoretical constructs, a perspective value
represents nothing more than a particular qualitative experience. This
subjective mode of listening, however, has been accorded an intellectual
overlay by the musicians of certain cultures (including those working in the
Western classical tradition). They have shown that the values of some
perspects can be rendered objectively by a single numerical index or
equivalent, such as an alphabetical string. Perspects with which this is
possible, such as pitch, loudness and fix may be termed simple.

Other perspects, though, which are variable in a number of different
ways, have a multidimensional character, and their values are corres-
pondingly complex. Perspects of this type, which include timbre and plot,
will be referred to as compound.

Parameters, and their relationship to perspects

In my opinion, the term ‘parameter’, which, according to Krenek (1960,
p. 210) was introduced into music theory by the physicist Meyer-Eppler
(who was influential in the development of electronic music in the late
1940s and early 1950s), and which has gained wide acceptance in
contemporary music literature (see, for example, Narmour, 1990), should be
reserved solely for the attributes of ‘physical’ sound such as frequency,
intensity and waveform. This usage, in conjunction with the availability of
the term ‘perspect’, offers a greater linguistic clarity than is currently
obtainable. Moreover, such semantic precision may hopefully foster a
conceptual rigour absent from some theoretical writing, such as that by
Stockhausen (1962), in which connection Meyer (1967, p. 246) comments:

it is an inexcusable error to equate acoustical phenomena with qualitative
experiences. The former are abstract scientific concepts, the latter are
psychological perceptions. One measures frequency [for instance], but one
perceives pitch.

Admittedly, there is a close relationship between certain physical and
perceived attributes of sound, so much so that a given perspect may be
defined as the perception of a particular parameter. For example, loudness
is said to be the perceptual correlate of intensity. However, it is not the case
that
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any simple one-to-one relationship exists between an acoustical event and its
concomitant perceptual experience: (Meyer, ibid.)

the way in which a perspect is apprehended will usually be affected by
change in any parameter. Sometimes the interference is immediately obvious:
consider, for example, how loudness diminishes with increasing distance
from the source of sound. Other effects are less evident—scarcely, if at all,
noticeable to the listener of traditional instrumental music (Dowling and
Harwood, 1986, p. 50)—although they may have a bearing on the way
listeners perceive certain electronically synthesised sounds. Pitches, for
instance, are variously affected by alterations in intensity (Stevens, 1975, p.
88), and loudnesses are partly determined by frequency (Stevens and Davis,
1938, pp. 123 and 124), to cite two well-documented cases.’ Furthermore,
not every parameter has a perspective equivalent: ‘phase’, for example,
although apparently influencing timbre slightly (Plomp and Steeneken,
1969), is essentially imperceptible. And while all perspects correspond to a
particular parameter, the link between them can be tenuous indeed, since
perceived sounds that are remembered have only an indirect physical
analogue, and those that are imagined have no substantive parallel at all.
Moreover, under certain conditions, the non-linearity of the auditory system
produces perceived sounds, such as aural harmonics, combination tones and
difference tones (Roederer, 1973, pp. 34ff), that are not present in the
original stimulus. The brain will even supply a fundamental missing from
an appropriate complex of harmonics (Schouten, Ritsma and Cardozo,
1962; Plomp, 1967, p. 1529).

Conclusion

It was proposed the term ‘perceived sound’ be used where appropriate,
with the aim of promoting a distinction between this and its physical agent,
‘sound’. The perception of sound was analysed in detail, initially by
reducing it to thin temporal portions called ‘moments’, and then by showing
that each of these is a composite experience comprising various perceived
aspects or ‘perspects’. The brief exposure of each perspect of a moment
was termed a ‘perspective particle’, to which a particular ‘value’ may be

9See also, for example, Crowder and Neath (1994), who show that the pitch difference
between notes defining the boundaries of a silent interval affects its perceived duration.
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ascribed. Finally, the need to distinguish perspects from the physical
qualities of sound, ‘parameters’, was expressed. Itis fruitful to compare the
ideas presented here with those put forward by West, Howell and Cross
(1987, p. 14), in which they propose

to quantise the time dimension and represent relevant facets of musical
experience in each time slice.

The authors suggest that the notion of ‘frames’, a representational system
currently used in the sphere of artificial intelligence, be adapted to these
ends. They define a frame as comprising a number of percepts (likened to
‘slots’), each having some value (the content of the slots). This concept
enables

experienced pitch values, timbral qualities, loudness and spatial location
to be captured at the most detailed level,

as well as higher order pitch and rhythmic structures with their associated
features such as depth of texture, tonality, idiom, tempo etc.

Moments are ultimately capable of sustaining this type of information
too, as will become apparent in the chapters that follow.



Interperspective relationships

Introduction

The essence of music lies not in the vast number of isolated perspective
values of which it ultimately consists, but in the complex of relationships
that are perceived between them (cf. Krumhansl, 1990, p. 3). Since most
listeners have no conscious knowledge of these abstract connections, it
follows that as concepts they are largely irrelevant to the musical experience.
As percepts, however, acting on a purely subconscious level, relationships
carry the burden of the musical message. It is to relationships, in both their
objective and subjective manifestations, that this chapter is devoted.

Primary interparticular relationships;
interperspective relationships

We begin by considering how the values of two perspective particles of
the same type are compared. In the normal course of events, this process is
effected at a completely subconscious level; however, introspection permits
a heightened awareness of the mental activity involved. The nature of the
comparison depends partly on the relative temporal disposition of the
particles. Initially, we examine the situation in which they occur at different
times.

Imagine, then, that a perspective particle enters a listener’s sphere of
consciousness, and that he or she keeps its value in mind as a potential
‘reference’. Next assume that a second value is registered, which is

20
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subsequently assessed relative to the first. This process is accomplished
through a particular mental construct—a cognitive bridge—which spans the
gap between the values of the particles. This may be referred to as a
‘primary interparticular relationship’.

The term ‘relationship’ is taken to mean a perceived connection between
any two perspective appearances, including values, many of which exist
beyond the confines of particles. Here it is described as ‘primary’ since
there are higher ranks of relationship (to be defined in due course), and
‘interparticular’ since it exists between particles. Compound labels such as
this can be reduced as far as possible provided that ambiguity is not
incurred. So, if it were clear that particles were the subject of attention, for
example, the term ‘primary relationship’ would suffice.

A primary interparticular relationship is one type of ‘interperspective
relationship’, that is, the medium through which two perspective appearances
may be compared. This general term may substitute for others more
specific. Hence the expression primary interperspective relationship
would be acceptable in the appropriate context.

An interperspective relationship may be symbolised by an arrow, whose
directionality is intended to show the supposed cognitive shift from reference
to comparison value. Additionally, the letter ‘I’ may be superimposed as an
abbreviation for ‘interperspective’. Without modification, the same symbol
can denote an ‘interparticular’ relationship, a meaning that would be apparent
from the nature of the material being related (cf. Lewin, 1987, p. xi).

Perspective
Value
k\
n

- perspective particle
. . (ii)

P erspecn(\i';a particle (comparison value)

(reference value)
Perceived
Time

Figure 2.1 Primary interparticular relationship.
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The suffix ‘1’ indicates the primary status of the relationship. The style
of arrowhead is used to show a connection between perspective values.
Here, and in the diagrams that follow, a graphical layout is adopted in which
time appears along the horizontal axis, and non-temporal perspective values
are proportional to their vertical position on the page.! The propriety of
representing perspects in this way is reviewed in chapter 3.

This model represents the usual state of affairs, in which the particles’
order of appearance dictates the direction in which the relationship between
them is felt to operate: that is, the first value acts as a standard against which
the second is judged. However, there is no reason why the roles fulfilled by
the values should not be reversed, and the second one serve as a reference
against which the first is then measured. To achieve this, the cognitive
process invoked to get from particle (i) to particle (ii), shown in figure 2.1,
has to be replaced by a mental operation of the opposite effect.

Perspective
Value
k\
n
- perspective particle
tive particl (i)
perspec (‘.:;' particle (reference value)
(comparison value) )
Perceived
Time

Figure 2.2 Relationship opposite in effect to that illustrated in figure 2.1.

Hence, just as memory and imagination free perspective particles from
the temporal shackles of their correlates in the physical world, so, by the
same token, relationships may be temporally independent too.

If two perspective particles appear simultaneously, then the value of each
may function both as reference and comparison together, and the relationship
that connects them effectively does so in both directions at once. Hence it is
‘mutual’ in operation. See figure 2.3.

ICf. ‘time-space notation’, used by Brown, Berio and other composers.
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Perspective
Value

|
m particle (i)

- (both serve as
F——— reference and comparison
values)

m particle (ii)

Perceived
Time

Figure 2.3 ‘Mutual’ interparticular relationship.

There may be other grounds, however, for establishing the relative
perceptual priority of the particles—for regarding one as the model against
which the other is compared (see, for example, figure 4.14).

One perspective value may be related to any number of others, operating
in the role either of reference or comparison or both.

Perspective . . .
- Value (i) serves as a reference for values (ii) & (iii).
Value ..
Value (ii) serves as a reference for value (iii)
and a comparison for value (i).

Value (iii) serves as a comparison for values (i) & (ii).

]

In particle (i) 1

/\/\

particle (ii)

m particle (iii)

__ Perceived
Time

Figure 2.4 Perspective values related to more than one other.
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A primary interparticular relationship requires the presence of two
moments. This in turn implies the existence of other primary relationships
between the remaining perspective particles. For example:

Berlioz: Requiem, Op. 5; No. 6, Lact;ymosa

1 Orchestre 3 ; \

1 T N

4 Cometﬁ \I ; (7] ; [7] I. 1 1T
in A )
Jf —
(other parts
omitted) (Andante non troppo lento)
Timbre
Loudness

2°¢ Orchestre b

4 Trombe ﬁ\} =
inE A2

Figure 2.5 The primary

relationships potentially
linking two moments.

16T Orchestre
4 Cornetti in A

D) |
I
I
| \/\Ks
I %

Figure 2.6 Differing types I / e \/\
I
of relationship, shown
by initial letters. \/\«,

2¢ Orchestre
4 Trombe in E
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(Observe that the hypothetical derivation of moments is notated using
grace notes which are allocated a separate stave.)

To make it clear which perspect a relationship refers to, its initial letter or
letters may be appended in manner shown in figure 2.6.

Many of the diagrams that follow illustrate interperspective relationships
in general terms. To show that these are not specific to any one perspect, the
letter ‘X’ will be used:

//I\

" Figure 2.7 Interperspective relationship, non-specific as to perspect.

These primary interperspective relationships may be described as ‘reactive’
since they are a response to a stimulus. Consider, however, a composer or
listener engaged in anticipating the future course of a piece. Starting from a
given value, he or she imagines a second (which may but need not sub-
sequently be realised in sound) through a relationship that operates
‘proactively’.??

2Inevitably, the model proposed here is an oversimplification. For example, a listener
having mentally created a second particle through the extension of a proactive relationship
from one given may subsequently compare the two through a reactive relationship. This
raises wider issues: for instance, if the relationship between two perspective appearances
can be re-conceived at a later stage, how are we to understand the connection between the
two relationships so imagined? Should we view them as different manifestations of the
same thing, or two similar things generated separately from the same stimuli? Then,
should a relationship to which we attend for more than an instant should be considered as
many discrete entities or as a single cognitive creation extended in time? Unfortunately
the confines of the present work do not permit further investigation here.

3Cf. Ockelford (1991, p. 134), where the terms ‘passive’ and ‘active’ are used. I am
indebted to Ian Cross (personal communication, 1990) for pointing me in the direction of
the present terminology.
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Primary interparticular values; interperspective values

Interperspective relationships differ according to the type of perspect
concerned. In the case of simple values, a relationship can gauge the
difference between them. This is a kind of primary interperspective value.
(In referring to particles, the term ‘primary interparticular value’ may be
used.)

The operation of a primary interperspective relationship of difference is
illustrated in figure 2.8, which shows the relative vertical position of two
dots, each equivalent to a perspective value. (Observe that the value of the
relationship is shown behind the arrowhead, a procedure adopted as
standard.)* This analogy shows how interperspective relationships function
in general terms. Specific examples are given in chapter 3.

Height
primary interperspective
relationship +4 unjgg
=) ..
'% 1 value (i) | gifrerence
= in height
2 (4 units)
g
D . _______________________________________________
value (i)

Figure 2.8 Primary interperspective relationship of difference.

In some cases, simple perspective values may be related by a ratio too.
An analogy is presented in figure 2.9, where two columns are compared.
Observe that ratios, unlike differences, are ‘abstract’, and exist independently
of the perspects they relate.

4Such values may but need not be shown.



Column (i) Column (ii)

Figure 2.9 Primary interperspective relationship of ratio.

In the general illustrations of interperspective relationships that follow, it
is necessary to have an arbitary unit, of which differences can be taken to be
multiples or fractions. This will be shown as a lower case ‘x’:

Perspective
Value

(nominal unit value) Perceived
Time

Figure 2.10 Non-specific interperspective relationship of difference expressed
as an arbitary value.



28 The cognition of order in music

Where perspective values are compound, that is, irreducible to a solitary
figure, this is mirrored in their corresponding interperspective values, which
may be referred to as ‘complex’. This is shown in the analogy below, where
the relationship between the shapes of two figures is no more reducible to a
single quantity than are they.’

I

Shape (i) Shape (ii)

Figure 2.11 Complex interperspective relationship.

Interperspective relationships function like ‘vectors’ (to borrow a term
from mathematics; cf. Dowling, 1972, p. 417), since they express a value
that is effective in a given direction. The polarity of simple interperspective
values may either be ‘positive’ or ‘negative’,® depending which perspective
value is the reference and which the comparison. (Hence, switching the
order in which the perspective values occur usually reverses their inter-
perspective polarity as well.) For example, in figure 2.8 above, with respect
to the first dot, the second is four units higher; with respect to the second,
the first is four units lower.

SIf the structures were isomorphic, however, the relationship between them could be
described in simple terms.

6 ... or ‘neutral’ if the value is 0.
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Secondary interparticular and interperspective
relationships

In the same way that the values of two particles may be compared or
created through primary relationships, so two interparticular values of the
same type may be matched, reactively or proactively, through a ‘secondary
interparticular relationship’. This may be symbolised as follows:

X

Figure 2.12 Secondary interparticular relationship.

(Observe that the number 2 stands for ‘secondary’.) This is one type of
secondary interperspective relationship, whose character will depend upon
the nature of the primary interperspective values to which it pertains.
Potentially, two differences can be compared through a further difference

Perspective
Value

secondary interperspective
X relationship

T N

X + +3x
T A
/ LN, >
. primary interperspective Perceived
relationships ] Time

Figure 2.13 Secondary interperspective relationship of difference.

or a ratio (see figure 2.14).
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Perspective
Value

-—\[X
1

™y TN

(s

[X
2
Perceived
Time

Figure 2.14 Secondary relationship of ratio.

These are examples of secondary interperspective values.

Theoretically, primary interperspective ratios may be related through any
function. For example, one may be the square of another.” Similarly, two
compound primary interperspective values may be linked through a complex
secondary value. It seems that relationships such as these are cognitively
too demanding for them to be of any musical consequence, however.

For the listener, perceived temporal precedence normally determines
which primary interperspective value serves as a reference, against which
the second is then compared. Establishing which relationship precedes and
which follows may not be a straightforward matter, though. For example,
relationships may overlap in time (figure 2.15) or one may be entirely
contained within the span of another (figure 2.16). Other factors may
influence the polarity of secondary interperspective relationships as well: a
given context may highlight one primary interperspective value at the
expense of another, thereby dictating the direction of a comparison between
them.

7Cf. Lerdahl and Jackendoff, 1983, p. 342.
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Perspective
Value
IX
/— 1
] 3
n
n
b
. -&X
1 Perceived
Time
Figure 2.15 Overlapping relationships.
Perspective
Value
.X-X
1
23 2*
n
]
[X
_/‘ I\/’_
M Perceived
Time

Figure 2.16 One relationship contained within the span of another.

Secondary interperspective relationships may function proactively too,
employing any combination of given, remembered or imagined perspective
values and primary interperspective relationships. Hence, a perspective
value may be proposed on the basis of three given values (see figure 2.17).
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Perspective Value

2

X '
\l\]\> a\

Perceived Time

Figure 2.17 Final value proposed on the basis of the three preceding.

Alternatively, a further primary relationship may be derived from one
presented.

Perspective
Value

Figure 2.18 Second primary relationship proposed on the basis of the first.
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2 Interperspective relationships
Primary interperspective values may function as both reference and

comparison. For example:

Perspective Value
i ih o
( |
—

N
X,
Ly |
= ]
v
—

1 Perceived Time

Perspective

Value
KX\
.S +3y
Ny

X
b3
12 N ﬁ-
/ —\ { /
4 +3x - / ~
| |
Perceived

XA
( - |

Figure 2.19 Primary value serving both as reference and comparison.



34 The cognition of order in music

Higher ranks of interperspective relationship

Secondary interperspective values may themselves be compared or
produced through tertiary interperspective relationships, which may be
represented as follows:

/{\

Figure 2.20 Tertiary interperspective relationship.

Such relationships have tertiary interperspective values, which may in
turn be connected through quaternary interperspective relationships (see
figure 2.21), and so the pattern may be continued indefinitely through
higher ranks of relationship.

Perspective
Value

quaternary interperspective

relationship tertiary

relatnonshlps secondary
relationships  primary

/ /’\ relationships
/ /‘\/
@/\Q{/

*/“%/

o
A
/ Perceived

n Time

Figure 2.21 Primary, secondary, tertiary and quaternary relationships.
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Such relationships are mentioned here only for the sake of completeness,
however; their perceptual inaccessibility has prevented them finding any
practical application to date. Observe also that the musical relevance of all
higher ranks of interperspective relationship varies greatly from one perspect
to another; specific comments follow in the next chapter.

Interperspective relationships of mixed rank

Interperspective relationships of different ranks which share values of the
same type may be compared through higher relationships of mixed rank, a
characteristic that may be defined precisely using a matrix. Consider, for
example, the following mixed-rank relationship, which expresses the
difference between a primary and a secondary interperspective value.

Perspective Value
S ~Xx

o .
/ Ly N /“A.
X N
3
R
A n
Perceived

] Time

%X

Figure 2.22 A (secondary tertiary) relationship of difference.

Cross-modal interperspective relationships

The relationships described up to this point have matched only perspective
or interperspective values of the same type. However, differing aspects of
perceived sound can be compared and contrasted too. Stevens (1975,
p. 132), in summarising the results of many previous experiments, concludes
that:
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any two stimuli can be equated through the procedure of cross-modality
matching, provided they have at least one aspect or attribute that varies in
degree.

Such relationships may be termed cross-perspective or ‘cross-modal’
(after Stevens, op. cit.). If required, the nature of their cross-modality may
be represented as a matrix. For example:

\

Perspective
Value
X)

]

|

|

|

|

|

Perspective :

Value |
) | Perceived
: Time
:
|
|
|
|
|
]

Figure 2.23 Cross-modal primary interperspective relationship.

(Here the second type of unspecified perspect is symbolised as ‘Y’, with
nominal unit value ‘y’).

Observe that in comparing two such primary connections between the
perspects X and Y, a secondary relationship of X and Y is implicated, which
may be symbolised as follows:
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Perspective
Value

)

\ XY \
O L “\?
Perspective “\ 2 2
-
Value

Y)

Perceived
Time

Figure 2.24 Secondary relationship between cross-modal primaries.

Another approach to linking perspects of different types is to be found in
the use of secondary (or higher) relationships between interperspective
ratios. Such a concept is implied in certain techniques of mutiple serialism,
whose effectiveness, admittedly, is a matter of contention. Since ratios are
‘pure numbers’ that exist independently of the perspects to which they
pertain, the legitimacy of relationships between fundamentally different
qualities of sound, questioned, for example, by Meyer, 1967, p. 250, is in
fact in no doubt. See, for example, figure 2.25 (and cf. figure 11.7).

Cross-modal relationships may be of mixed rank. See figure 2.26 (and
cf. figures 9.57 and 9.74).
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Multivariate relationships

It is conceivable that three or more values may be linked through a
‘multivariate’ relationship—that is, one involving two or more variables.
For example, the third value in the series below is ‘2x’ greater than the first
two added together. This may be symbolised as follows (cf. figures 9.20
and 9.21).

Perspective
Value

A

fv-

*

_ Perceived
Time

Figure 2.27 Multivariate relationship.

Conclusion

This chapter has sought to describe the relationships through which
particular and interparticular values may be matched, either reactively or
proactively. Moreover, as will become apparent, many of the observations
that have been made apply beyond the realm of particles to perspective
values generally. During the course of a piece of music, listeners are
typically aware of relationships only subconsciously, passing by as a series
of qualitative sensations. Introspection, however, enables us to quantify and
conceptualise something of what we perceive. Itis in this guise, as products
of the intellect, that relationships underlie so much of music theory, including
the present work.



Perspects

Introduction

This chapter describes in detail the five perspects identified in chapter 1:
pitch, loudness, timbre, fix and plot. The survey is by no means exhaustive,
covering only those areas that are relevant to the theory of perceived
musical order presented in the chapters that follow. Pitch is the aspect of
perceived sound that has been most thoroughly investigated by music
psychologists and theorists, and so it provides a good starting point for our

enquiry.

Pitch

Music theory takes a primary interperspective relationship of pitch to be
a measure of difference, which it terms an ‘interval’. Hence musicians
speak of the interval between fourth octave e and the f# above it, for example,
as being a ‘tone’ or a ‘major second’. Such information may be appended to
the symbol for an interperspective relationship. See figure 3.1.

Labelling intervals in this abstract way helps musicians to understand,
classify and use them. To the practised ear, the notion of a ‘major second’,
for instance, evokes a particular perceived sonic image. Equally, conscious
aural analysis makes it possible to recognise intervals as they crop up during
the course of a piece. However, music is not typically experienced in this
way. In the discerning listener, at least, an intervallic progression induces
successive subjective responses that defy reduction to a mere numerical
sequence. This illustrates the distinction drawn in chapter 2 (p. 20) between

40
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Bach: Well-Tempered Clavier, Part 1, Fugue 9, BWV 854
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Figure 3.1 Primary interperspective difference of pitch.

the cerebral and affective components of a relationship. And although
intervals are identified here by means of their traditional music-theoretical
labels, these should be treated merely as mnemonics for an underlying
experiential reality.

According to some psychoacoustical research, for example, Stevens and
Volkman (1940), it appears that pitches may be related through ratios too.
Whether a relationship of difference or ratio is perceived depends upon the
disposition of the pitch values presented (since different patterns may
emphasise one function or the other), upon the context in which they are
heard, and upon the attitude of the listener, since expectation and experience
can sway one’s mode of perception (Krumhansl and Shepard, 1979, p. 580).

There are generally thought to be two ways of perceiving a relationship
of pitch, determined largely by the period of time separating the values
(Bachem, 1954). The first exploits our ‘long term’ pitch memory, through
which a temporally remote value can be related indirectly with one of the
immediate past or present. The second consists of a more direct relationship
existing between two pitches occurring contemporaneously or approximately
so. The capacity to make judgements like this is known as ‘relative pitch’.
These two perceptual mechanisms are now examined in turn.

Exposure to numerous different pitches from the earliest stages enables
us to develop an ‘internal pitch scale’. This is constantly being revitalised
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as new pitch values are assimilated, as well as providing each of us with a
personal yardstick against which fresh material can be compared. Hence,
with varying degrees of accuracy, a pitch can be assessed or a value
reproduced in apparent isolation. Using our internal scale, we can, on
average, assign pitches reliably to one of about five different categories
(Pollack, 1952, p. 745) A tiny proportion of people, however, can manage a
resolution a good deal finer than this: in excess of seventy categories of
pitch are discriminable in certain cases (Ward, 1963, p. 38). Such fidelity of
judgement is more than sufficient to allow the pitches used in the majority
of music to be distinguished, labelled and, if necessary, reproduced without
recourse to a known external standard. This ability, in either its reactive or,
rather more infrequently occurring, proactive form (Révész, 1953, p. 96) is
known by psychologists as ‘absolute pitch’ (‘AP’).!

‘Relative pitch’ requires the judgement of intervals in isolation, a facility
which is more readily amenable to training (cf. Fyk, 1982, p. 41) and which
people generally find much less problematic than the assessment of solitary
values. According to Burns and Ward (1978, p. 456), musicians are able to
categorise more than thirty different intervals without immediate reference
to a standard. And although the majority of people have not learned to label
intervals according to music-theoretical principles, by and large, relative
pitch is sufficiently well developed to permit a familiar tune to be identified
easily or sung recognisably at an arbitary pitch level.

Except in the case of simultaneous values, the resolution of relative
judgements hinges upon the fidelity of memory. This is affected both by
decay, which is related to the period that elapses between pitches, and
interference, such as the interpolation of other musical material (Massaro,
1970; Deutsch, 1974). This implies that the degree of uncertainty attached
to intervallic recognition and reproduction increases as the conditions for
perception deteriorate. Given the highly favourable circumstances obtainable
in psychoacoustical experiments, it is possible to obtain a measure of the
smallest perceptible interval. In psychological terms, this is referred to as
the ‘just noticeable difference’ or ‘JND’. According to Stevens (1975,
p. 169), the JND of pitch is subjectively constant, which means that whatever
its value, the difference between a pitch and its nearest perceivable neighbour
always seems to be the same. This relates to a change of the order of 0.3%
standard frequency (Bachem, 1954, p. 752). The typical perceptual

1Musicians tend to use the term ‘perfect pitch’ (Ward, 1963, p. 14).
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environment that obtains musically, however, in which large numbers of
pitches are dispersed over extended periods of time, falls far short of the
ideal which is approachable in the laboratory; and, despite the cognitive
mitigation offered by the ordered disposition of musical material, it would
be a contrived piece indeed that exploited the levels of relative pitch
discrimination of which listeners are potentially capable.

We now consider pitch relationships of higher rank. Both secondary
interperspective differences and ratios form an accepted part of traditional
music theory: for example, statements to the effect that the difference
between a major third and a minor third is a minor second (as in the
following excerpt),

Bach: Violin Concerto in E major, BWYV 1042

Allegro
n 4 ¢ . |
Violino ] I o
Concertato — o ~
(other parts v I__J L L
omitted)

5
d!

I
)

Figure 3.2 Secondary difference of pitch.
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or that five semitones constitute a perfect fourth (cf. Meyer, 1973, p. 146)
are commonplace; see figure 3.3. Similarly, tertiary interperspective
relationships have relevance to the ear that is suitably primed. For instance,
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it is possible to hear that the ratio between a diminished fourth and a minor
second (which is x0.25) is half that existing between a minor sixth and a
diminished fourth (which is x0.5)—see figure 3.4. However, it is difficult to
judge the part such relationships play in the subjective listening experience.

So much for the general principles underlying interperspective relation-
ships of pitch. We now examine the relationships perceived between a wide
range of specific values and use the information obtained to build up a
model of pitch perception. This conceptual structure is intended to illustrate
the way pitch is perceived in the context of traditional Western music; other
situations may require different analogies. It will be displayed according to
the conventions summarised by Krumhansl (1983, p. 34), whereby the
perceived similarity of values is represented by the adjacency of points on
the page: the more alike two pitches seem, the closer their depiction
diagrammatically. (Identical values occupy the same space.) Hence the
data are summarised in a form

that by its geometric nature is visually accessible. (ibid.)

Imagine, then, a pitch of moderate value; the arbitary point of reference
for our model:

Figure 3.5 Arbitary reference pitch.

This value is separated from the ones nearest to it (either higher or lower)
by the JND of pitch. Since there is no perceived discontinuity between the



46 The cognition of order in music

two values, the corresponding points are perfectly contiguous too. This is
displayed vertically in figure 3.6.

Higher Higher

Lower

Figure 3.6 Contiguous values of pitch
separated by their JNDs.

Lower

Figure 3.7 Portion of the domain of
pitch represented as an unbroken line of
uniform density.

The complete spectrum of pitches constitutes a perspective domain. This
may be represented as a series of adjoining points, comprising one unbroken
line in accordance with the continuous variation open to pitch. The fact that
the JND of pitch is subjectively constant irrespective of its position within
the domain is shown by the uniform density of line. (See figure 3.7.)

Pitch is a ‘positional’ quality of perceived sound; as a value changes, it
seems to move within its domain through a process of substitution, whereby
one apparent locus of excitation is replaced by another. Stevens (1975, pp.
12 and 13) terms continua of this type ‘metathetic’.

The disposition of the domain of pitch is susceptible to considerable
variation. Its extent, for instance, differs from one person to another, while
the intensity of a sound influences both the width of the IND, and hence the
total number of discriminable pitches, and their audible range (Stevens and
Davis, 1938, p. 153). Still, it is useful to have an approximate idea of
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perceptual limits, and between the stimulus frequencies of 20Hz and
12,000Hz, at a moderate level of loudness, about 1,400 separate pitches are
discriminable (Stevens and Davis, op. cit., p. 95).

“Traditional’ Western values can be placed on the proposed representation
of the pitch domain, although their locations are subject to a certain flexibility,
due to the historical and geographical differences in pitch standards (Apel,
1969, p. 67) and tuning systems (Barbour, 1951). Furthermore, vocal and
many instrumental performances are prone to a high degree of pitch variability
(Seashore, 1938, pp. 218ff). However, experienced listeners tend to
compensate for discrepancies in intonation by unwittingly ‘categorising’
intervals heard in a musical context (Siegel and Siegel, 1977; Burns and
Ward, 1978). This mechanism allows mistunings that would be picked up
instantly in less distracting circumstances to pass by unnoticed, as wayward
interperspective differences are subconsciously assimilated into their nearest
orthodox intervallic classes. In learning to perceive intervals categorically,
listeners effectively carve a series of discrete steps out of the smooth slope
of continuous pitch perception with which they are naturally endowed.

We are now in a position to ascertain what form the perspective domain
takes, which is equivalent to determining the course followed by the line of
the analogy presented in figure 3.7. First, consider that as an interval
increases in size, there is felt to be a proportionate decrease in pitch
similarity (Kallman, 1982, pp. 39ff). This simply implies that the line be
straight. See figure 3.8.

But there is another aspect of pitch perception whereby, in an appropriate
context, musically experienced listeners credit values an octave apart with a
special equivalence, quite distinct from the intervallic difference that divides
them (see, for example, Allen, 1967). To accommodate this phenomenon,
the straight line of figure 3.8 must be coiled into a helix, in such a way that
the octave multiples of pitches, which are said to share a distinct ‘chroma’,
are brought into a vertical alignment that acknowledges their privileged
perceptual status (Révész, 1953, p. 67). See figure 3.9. Hence pitch can be
perceived cyclically as well as linearly.

Observe that the effect of octave similarity applies interperspectively too:
primary values linking pitches that share the same chroma are likewise felt
to have a special affinity. This is reflected in music-theoretical terms,
whereby intervals of a minor ninth or more are sometimes referred to as
‘compound’ versions of those an octave smaller, while the intervals between
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dv

Figure 3.8 Portion of Figure 3.9 Pitch domain represented as a helix.
the domain of pitch,

featuring the harmonic
chromatic scale of c.

two pairs of pitches with the same letter names but with opposite polarity
are known as one another’s ‘octave complement’.2

2The term ‘inversion’ is also widely used in this sense (see, for example, the Rudiments
and Theory of Music, published by The Associated Board of the Royal Schools of Music,
1958, p. 61), though, as Browne (1974, p. 415) points out, it is probably better restricted to
mean the relationship between two intervals of equal magnitude and opposite polarity.
Hence the inversion of a major third ascending is a major third descending, whereas its
octave complement is a minor sixth. An alternative is found in Apel (1969, pp. 422
and 423), who labels the two transformations ‘melodic inversion’ and ‘harmonic inversion’
respectively.
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According to Shepard (1982), values separated by fifths have augmented
perceptual proximities too, and to illustrate this, he expands the representation
of pitch shown in figure 3.9 into a five dimensional model comprising a
double helix wrapped around a helical cylinder. He claims (p. 370) that a
portrayal of this type is necessary to show the different paths in ‘pitch space’
which a variable value can be made to traverse;

paths corresponding, for example, to a shift through height, a shift through
chroma, or a shift through the circle of fifths.

Figure 3.10 Representation of the domain of pitch as a five-dimensional
helix (after Shepard, 1982, p. 364).
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This helical configuration has been criticised on a number of counts.
Krumhansl (1979, p. 360), for instance, observes that

the structure does not represent in any way the special status of the third.

She contends, moreover, that the model depicts only certain relationships
of pitch that are invariant across different tonal systems, and that
modifications would be needed to account for interperspective values gauged
in the context of specific tonalities. This is demonstrated by the fact that
listeners give different similarity ratings to the same interval heard in
varying tonal circumstances. Hence, although the differences between ¢
and g, and of and gf both constitute a perfect fifth, this does not guarantee
their equivalence in musical terms. Tonality further implies that the perceived
affinity between pitches will be affected by the order in which they are
presented (op. cit., p. 361). These findings lead Krumhansl and Kessler
(1982, p. 337) to the conclusion that

some systematic transformation must intervene between geometrically regular
representations of pitch structure,

in which all intervals of a given size correspond to a fixed interpoint
distance,

and the pitch relations as they are perceived in a tonal context.

This applies with equal force to the helical models shown above and to
such two-dimensional arrays as that proposed by Longuet-Higgins (1978),
which is based on major thirds and perfect fifths, and the one put forward by
Balzano (1982, p. 337), founded on a network of major and minor thirds.
Krumhansl’s own similarity scaling of pitches in explicitly musical conditions
shows the members of the tonic triad to be most alike, followed by the
remaining diatonic degrees, with the chromatic values showing least mutual
resemblance. She represents this diagrammatically by a conical configuration
(1979, p. 357).2

3The nature of pitch perception in a tonal context is investigated in more detail in
chapter 10.
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Figure 3.11 Conical representation of a portion of the domain of pitch
(after Krumhansl).

The main issues arising from this brief review of pitch perception may be
summarised as follows. Usually, in listening to a piece of music, listeners
are only subconsciously aware of its constituent primary interperspective
relationships of pitch, which slip by as a series of qualitative experiences.
However, introspection of the type demanded by music theory enables these
to be quantified as differences, and psychoacoustical investigation has
shown that they can be reckoned in terms of ratios as well. In a spatial
representation of pitch, it is generally acknowledged that such relationships
operate in a dimension corresponding to ‘height’. To the appropriately trained
ear, pitches share affinities along other axes too. For example, values
separated by an octave are said to share the same ‘chroma’, a correspondence
which Western theoretical thought recognises by according them the same
letter-name. Moreover, pitches separated by other intervals such as the
perfect fifth and the major third apparently enjoy a comparable, though
weaker, perceptual kinship. The nature of an interperspective relationship
between two pitches depends heavily upon the context in which the values
are heard, upon the aural propensities and musical background of the
listener, and upon the set of attitudes that he or she brings to bear.
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Loudness

Loudness is generally held to be of less musical consequence than pitch;
it is scarcely mentioned by music theorists. Its perception is well documented
in the psychoacoustical literature, however, and attempts to scale loudness
have led some researchers to the conclusion that it is feasible to perceive
both interperspective differences and ratios with consistent accuracy (Stevens
and Davis, 1938, p. 122). This belief has been questioned in other quarters,
however, since the experimental evidence on which it is based is demonstrably
prone to contextual variation (Garner, 1954) and shows wide discrepancies
from one listener to another (Moore, 1977, p. 63).

As far as musicians are concerned, there has been no attempt to evaluate
interperspective relationships of loudness in terms of numerically accountable
differences or ratios. Hence, a conductor may simply ask that a passage be
performed “more quietly”, for example, and even so specific-sounding a
request as “half as loud” would probably be interpreted rather freely. Then
consider the labels traditionally assigned to loudnesses in the West: pp, p, mp,
mf, f, ff and so forth. It is difficult to judge, and music theory offers no clues,
precisely how one item on the list is felt to relate to another. Whatever the
comparative process involved, it is not adopted with any consistency:
performers are under no obligation to maintain a uniform margin between
equivalent pairs of loudness categories. So the interperspective value
distinguishing pp from p need not be the same as that between f and ff, for
instance. Indeed, a relationship between given degrees may differ greatly
on separate occasions, making each designation of loudness open to a broad
range of interpretation too.

Higher ranks of interperspective relationship are inevitably beset by a
similar haziness. For example, a teacher may entreat a pupil to make “a
greater dynamic contrast”, thereby implying a secondary interperspective
relationship, while stipulating neither its type nor value.

The qualitative approach to loudness adopted by musicians (standing in
marked contrast to the meticulous quantification to which pitch is subject)
must be represented faithfully in the symbolisation of interperspective
relationships. Often, this will involve displaying the two related loudness
levels in the following manner:
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Elgar: Enigma Variations, Op. 36; IX, Nimrod
Violino I (other parts omitted)
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Figure 3.12 Primary relationship between two different levels of loudness.

A general model of loudness perception is now proposed using material
culled from psychoacoustical research, and an attempt is made to illustrate
this schematically.

Values of loudness extend from the ‘threshold of hearing’ (the quietest
level that can be perceived) to the ‘threshold of pain’ (above which permanent
damage is inflicted on the ear). This corresponds to a 100,000,000,000,000-
fold rise in intensity (Moore, 1977, p. 53). Levels presented randomly
across this range may be securely assigned, like those of pitch, to one of
only about five categories (Garner, 1953, p. 380). However, by moving
upwards in just-noticeable increments, Stevens and Davis (1938, p. 52)
ascertained that over three-hundred values of loudness are actually
distinguishable.

These may be represented by a series of adjacent points (appearing as a
continuous line) in accordance with the diagrammatic conventions used in
the previous section in connection with pitch. However, loudness and pitch
constitute fundamentally different types of psychological measure. Whilst
pitch can be thought of as a ‘positional’ quality of perceived sound, each
level of loudness seems to possess a certain ‘magnitude’, which varies along
the length of the perspective domain. Stevens (1975, pp. 12 and 13) coins
the term ‘prothetic’ to describe continua of this sort.
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The JND of loudness is not constant (unlike that of pitch), but grows
subjectively larger with the level at which it is gauged. This is shown by
matching the size of the JND with the density of the line representing
perspective values in such a way that heavier print corresponds to a larger

limen of difference.

Values of loudness exhibit a monotonic decrease
in similarity as the difference or ratio between them
is expanded. Since the degree of perceptual affinity
is depicted in terms of adjacency, this implies that
the line symbolising perspective values be straight.

Taking these observations into account, the
perspective domain of loudness may be illustrated
as follows (figure 3.13).

The labels pp...ffare not attached to specific points
on the domain. Indeed, it is possible that the same
level may be differently labelled on different occa-
sions. This means that a value once referred to as
forte may later be described as mezzo forte, and so
on. Moreover, the interpretation of loudness markers
may differ from one instrument to another in
response to their varying dynamic ranges: fortissimo
on the trumpet is likely to drown the most strenuous
efforts of an oboist to play very loudly, for example
(Clark and Luce, 1965). Finally, consider the diverse
loudness levels that may be experienced by
individual listeners of the same performance. The
Jf prescribed for the tutti chord concluding the first
movement of Bart6k’s Concerto for Orchestra
(1943), for instance, may appear to be rather quieter
than this at the back of the concert hall, and in a
broadcast version, the loudness of the music
emanating from the receiver is variable over a vast
range, depending on the setting of the gain control.

Higher Values

Lower Values

Figure 3.13 Representation of the

perspective domain of loudness.
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It is quite conceivable that a member of the radio audience (particularly one
with score in hand) may rate the final notes of the Bart6k as fortissimo, when
the level at which they are hearing the piece would scarcely class as
pianissimo in the auditorium where the sounds originated.*

In summary, loudness is perceived subjectively by musicians and non-
musicians alike. Its musical significance lies less in the absolute levels of
succeeding values than in the effect they engender in relative terms, which
is greatly conditioned both by the context in which they occur and by the
expectations of the listener.

Timbre

In referring to tone quality, musicians typically use what they feel to be
appropriate epithets, often borrowed from other sensory modalities. For
instance, they may say that a certain violinist produces a ‘sweet’ sound, or
that the tone of the oboe is ‘pungent’, while in the realm of vocal music, the
notes of a tenor, for example, may be said to range from ‘velvety’ to
‘strident’. As a result, no doubt, of timbre’s many-faceted nature, labels
such as these frequently appear in combination. Hence we find Apel, for
instance, speaking of the sound of the clarinet as ‘rich and mellow’ (1969,
p. 856).

A number of workers in the field of music psychology have isolated what
they believe to be the chief attributes of timbre with varying degrees of
success. For example, Wedin and Goude (1972) propose that the perceptual
similarity of the timbres of some of the most common symphonic instruments
may be explained in terms of a three-dimensional model. Bismarck (1974,
p. 146), in attempting to

extract from the timbre percept those independent features that can be
described in terms of verbal attributes,

finds (p. 157) that 90% of the timbral variance of 35 selected sounds can be
described when rated on four scales, whose endpoints are characterised by
pairs of opposite attributes: dull-sharp, compact-scattered, full-empty and

4Also relevant in this regard is Vernon’s observation that “Whatever the actual
energies of the various stimuli, definite, attentive listening to any one figure seems to
increase its apparent intensity relative to the rest” (1934, p. 131).
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colourful-colourless. Of these, the first accounts for 44% of the variance.
The remaining continua, which account for rather lower percentages, exhibit
a relatively large scatter of ratings between individuals and, Bismarck
believes, reflect special properties of the sound sample.

Slawson (1985), in an analysis of what he terms ‘sound color’, proposes
four dimensions which are based on vowel sounds: openness, acuteness,
laxness and smallness. The scope of his work extends beyond psycho-
acoustics, however, into the province of music theory, and, by demonstrating
the transposition, inversion and serial manipulation of ‘color’, Slawson
shows how his model can be used as a structural basis for composition.

It is unimportant, from the point of view of the present theory, which
timbral representation one opts for, although it seems reasonable to assume
that different auditory contexts would highlight one or the other. We need
only take into account that values of timbre can be considered to form a
compound perspective domain, which is metathetic.

Within this domain, the natural variation to which instrumental colours
are subject means that each can be considered to occupy a region, whose
boundaries are not distinct, but which contrasts, nevertheless, with other
comparable timbral zones. People’s ability to distinguish a single instrument
(or voice) from the variety of different sounds it may produce is discussed,
for example, by Erickson (1975, pp. 11 and 12). An extension of this
concept is that of instrumental ‘families’, such as the strings, brass and
double-reeds, for which Clark, Robertson and Luce (1964) present experi-
mental perceptual evidence. As well as listing these in decreasing order of
‘tightness’, the authors also identify ‘very tight’ subfamilies.

It seems that isolated timbral values are rather easier to identify than are
those of pitch or loudness. Consider, for example, how many different
vowel sounds can be recognised in isolation, or think of the ease with which
musicians can name any of the wide range of instruments with which they
may be familiar: in either case, the number far exceeds the five or so
categories of pitch or loudness that are internalised by most people. It
seems reasonable to suppose that this greater facility may be attributed to
the multidimensional make-up of timbre.

The fact that individual timbres are readily identifiable, combined with
the great intricacy of many inter-timbral relationships, means that these
connections are not, on the whole, as musically significant as interperspective
comparisons of pitch and loudness. Relationships between timbres can be
conceptualised only when they are of minimal complexity: suitably direct
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links may be supposed to exist between separate appearances of the same
timbre or at least between timbral values that display an affinity. Hence one
may speak, for instance, of a student in the early stages of learning the cello
producing a ‘coarser’ tone than would a professional; or one may suppose
the viola to produce a ‘darker’ sound than the violin. Inevitably, such
comparisons are as subjective as the values they compare. A relationship
may view a plurality of timbral aspects simultaneously; hence one tone may
be described as being both ‘fuller’ and ‘sweeter’ than another at the same
time. In notating interperspective values of timbre, it may be sufficient
simply to specify the two tone qualities that are related. For example:

Franck: Sonata for Violin and Piano (1886); 4th movement
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Figure 3.14 Interperspective value of timbre described in terms of two
perspective values.



58 The cognition of order in music

However, where it is appropriate an attempt to define the inter-timbral
value itself may be made. For instance:

Vaughan Williams: 5th Symphony; 3rd Movement, Romanza
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Figure 3.15 Interperspective value of timbre defined in its own right.

Fix

Although, at this stage, it is convenient from a theoretical standpoint to
examine fix in isolation, it is not an approach that accords with standard
musical practice, in which the perceived temporal dimensions of sound are
structurally coordinated. As a consequence, some of the observations made
here can only be preliminary in nature, and these will be developed in the
course of chapter 9.

Since it is impossible ever to repeat particles of fix (although time may be
reckoned cyclically), in examining the fidelity with which they are perceived,
there is only one issue to consider: the accuracy with which simultaneous
events can be performed and perceived. Rasch (1979, p. 121) notes that
although a polyphonic score often prescribes that different parts or voices
should begin at the same moment in time,

In actual performances perfect synchronization is never realized... .
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His measurements show that

Asynchronization values fall largely within the range of 30 to 50ms. ... The
recorder ensemble shows a relatively small asynchronization (about 30ms).
Two samples of the wind trio have different amounts of asynchronization,
27 and 37ms respectively. Largest asynchronization is found in the string
trio samples (37 and 49ms). (p. 128)

However, when listening to music, Rasch observes, these discrepancies for
the most part go unnoticed, and

the performances of professional ensembles give the impression of perfect
synchronization. (p. 130)

A perceived point in time has meaning only in relation to another. Hence
perspective values of fix as such cannot be ascribed, and it is through
primary interperspective relationships (which are always expressions of
difference) that musical time is defined. This process is usually undertaken
with respect to the framework of regular beats that is characteristic of so
many styles: each acts as a potential temporal reference, in relation to which
other sounds are organised (Sloboda, 1985, p. 257). The distance between
beats (which may be prescribed metronomically or defined in rather more
subjective terms) typically ranges from about 0.25 second to 1.5 seconds
(Povel, 1981, p. 4). Longer time spans extend beyond the ‘perceived
present’, outside which successive perceived sonic events tend to be regarded
as separate entities rather than members of a coherent series (Fraisse, 1978);
whilst aural stimuli occurring at intervals shorter than 0.25 second tend to
be heard as subdivisions of a slower pulse. The hierarchical grouping of
beats produces the effect of metre, which is reflected in the Western notational
system of bars.

The beginning of a movement or section serves as a ‘data zero’ from
which values of fix can be judged interperspectively, although, within the
context of the piece to which they pertain, they function like perspective
values, and it is easy to conceive of them as such. Consider, for example,
the observation that “in the first movement of Brahms’ Violin Concerto, the
soloist enters on the first beat of bar 90”. However, there is no qualitative
difference between this statement and another that says: “at the start of
movement II of Bart6k’s third piano concerto, the second violins enter one
bar after the firsts”; it is just that here the relativity is more apparent.
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Bartok: Piano Concerto No. 3 (1945); 2nd Movement
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In some contemporary scores, the designation of interperspective values
of fix takes other forms; the perceived temporal conformation of Sequenza
V11, by Berio, for instance, is reckoned in seconds.

Berio: Sequenza VII (1969)
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Figure 3.17 Primary interperspective value of fix expressed in seconds.
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(Observe the close similarity between Berio’s ‘¢’—a note to be played as
quickly as possible—and the notion of a ‘moment’.)

Observe that although time is physically irreversible, cognitively this
restriction does not apply, and it is commonplace to say, for example, as in
the first movement of Mozart’s 22nd string quartet, K. 589, that the viola’s
initial entry is four bars before that of the *cello.

Mozart: String Quartet No. 22, K. 589; 1st Movement

Allegro
2
D h ! S — T ——
';,—cpzﬁﬁ = I — gl 2 2
Viola ! p ) ———_
(Viplin parts omitted) ]E hP 1{' f_ #
. = = - o r
Violoncello :[F
—_—
| 1 :

Figure 3.18 Retroactive primary relationship of fix.

An internalised scale of primary interperspective values of fix enable
listeners to judge lengths of time in isolation. According to Murphy (1966),
who investigated this phenomenon using informational analysis, in the 0.1
to 1.0 second range, 4 to 5 different durations can be categorised, whereas
from 0.5 to 5.0 seconds, 6 to 7 categories are available (p. 260). He
postulates (p. 263) that a higher number of lengths of time are classifiable
within a longer period since here subjects are able to use some form of time-
marking to help them. It seems reasonable to assume that over even more
extended spells, the number of identifiable temporal intervals would rise
still further. However, this position is complicated by the fact that

the perception of duration is a function of our attitude, of which the most
important element seems to be the attention paid to perceived time. The
greater this attention, the longer the interval seems. But, all things being
equal as regards attitude, the perception of duration depends on the nature of
the changes perceived. (Fraisse, 1964, p. 147)
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The manner in which many pieces are structured with regard to perceived
time reflects the ease with which primary interperspective values of fix can
be compared: secondary relationships play a large part in the perception of
music. These may express a difference—observations to the effect that one
note is a crotchet longer than another, for example, are commonplace—
although ratios are encountered far more frequently. This preference may
be attributed to the fact that primary values of fix tend to be regarded either
as multiples or fractions of an underlying beat (Povel, 1981, p. 13). A
rhythm is normally encoded as a series of perceived temporal proportions,
and, provided these are kept intact, the tempo may be altered without
destroying its essential design. Uniform change, on the other hand (for
instance, adding a quaver to every note of a melody), would substantially
alter the nature of a rhythm incorporating different note-lengths.

%0

\V/\/\\[ \/\/\/\/ \/\VA\/\/A\/\V

Figure 3.19 Deviations from mechanical performance in the pianist Ingrid
Haebler’s performance of the beginning of Mozart’s Piano Sonata in A Major
(K. 331). The deviations are expressed in per mille of the total duration
(until the last one); one per mille corresponds to approximately 23 ms.
(After Gabrielsson, 1988, p. 45.)
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Although traditional systems of notation and music theory together foster
the belief that the ratios used in music are on the whole simple—2:1, 3:1 ez
cetera—work in the field of music psychology suggests that this is far from
being the case. Gabrielsson (1988, p. 45), for example, charts the deviations
in one performance from the mechanical ideal; considerable discrepancies
that any metronome-bound piano teacher would surely find rather alarming.
(See figure 3.19.) Clearly, a form of categorical perception is in operation.

Finally we consider how the perspective domain of fix may be illustrated.
Only a small portion of it can ever be shown at once, since values continue
indefinitely in either direction, a characteristic indicated with the use of
broken lines. An arrow points the direction in which time appears to be
moving. The JND of fix is subjectively constant, so the line is of uniform
density. The continuum is drawn horizontally in accordance with the
graphical conventions adopted earlier. It is metathetic.

— Perceived + Perceived
Time Time

Figure 3.20 Representation of the perspective domain of fix.

Plot

Matters concerning the perceived location of the sound source are scarcely
acknowledged by traditional music theory, a state of affairs that reflects the
low regard in which composers have generally held this aspect of perceived
sound. Berlioz (1855/1858) is one of the few to have broached the subject;
hardly surprising, perhaps, with works such as the spatially conceived
Requiem to his name. He writes (p. 242):

There occurs here an opportunity to remark upon the importance of the
various points of procedure for the sounds. Certain parts of an orchestra are
intended by the composer to interrogate and answer each other; now, this
intention can only be made manifest and of fine effect, by causing the groups
between which the dialogue occurs to be placed at sufficient mutual distance.
The composer should, therefore, in his score, appoint for them severally the
disposal which he judges proper.



64 The cognition of order in music

Nevertheless, as the use of electronically i'eproduced and synthesised
sounds shows, the structural potential of plot is without doubt enormous,
although its expressive possibilities are yet to be clearly defined (see
chapter 8, pp. 270ff).

Composers may encounter difficulties in handling plot that are not to be
found in the manipulation of pitch, loudness, timbre and fix. For around
these perspects fields of expertise have been cultivated by countless
generations of musicians. In comparison, the latent musical wealth of plot
has barely begun to be explored, and in preference to composers investigating
its little-known depths unguided, it would seem more satisfactory for them
to heed the findings of the psychoacoustical research that has been undertaken
in this area.

It would be futile, for example, to prescribe separate locations for two
perceived sounds if these proved indiscriminable. Hence composers would
do well to temper Stockhausen’s notion of a sound source situated on every
point of a circle surrounding the listener (1959/1961, p. 81) with the
disclosures of Stevens and Newman (1936, p. 305), which reveal that

The error of localization is smallest for tones located near the median plane
and increases as the tone is moved toward the side of the O.

Moreover,

confusion of positions lying in the quadrant in front of the O with those in the
quadrant behind him is very frequent.

Finally, the authors present the now well-established hypothesis

that the localization of low tones is made on the basis of phase-differences at
the two ears, and that the localization of high tones is made on the basis of
intensitive differences. There is a band of intermediate frequencies near
3000 cycles in which neither phase nor intensity is very effective and in
which localization is poorest.

Naturally, one could argue that listening to a piece of music in which the
control of plot figures prominently only slightly resembles psychoacoustical
experiments of the type conducted by Stevens and Newman. For example,
the members of a concert audience are free to move their heads, thereby
providing themselves with an effective means of resolving ambiguities in



location (Wallach, 1940; Moore, 1977, p. 178). The visual element may
offer valuable assistance too, although, particularly when sound emanates
from loudspeakers, its physical and perceived sources may be utterly at
odds (consider the impact of a stereophonic music system, for example).

The way in which the distance of a sound source from the listener is
perceived has been scrutinised by psychologists too. Moore (op. cit.,
p. 204) observes that listeners use a multiplicity of clues in making distance
judgements: the curvature of the wavefront is important, as are the effects of
any reflection that may be present; more obviously, perhaps, loudness can
act as acrude measure of the perceived range of a sound, and over moderate
distances, the spectral change which occurs due to the absorption properties
of the air (implying a mutation of timbre) can be of assistance as well. The
operation of the last two factors is dependent on familiarity, though, and
errors of 20% are not uncommon in judging how near the sources of
unfamiliar perceived sounds are. Because of this, Stockhausen (op. cit., p.
77) argues that only under very limited conditions would it be advisable to
treat the perceived remoteness of a sound as an individual perspect; for
example, timbres would have to be used with which the listener was either
already acquainted, or had become so during the course of the piece.

Whether plot is regarded as one compound perspect, or in terms of the
three components identified in chapter 1, an interperspective relationship
between two values unfailingly expresses a difference in a given orientation.
If distances are judged from the listener, however, who may therefore be
used as a ‘data zero’, ratios are feasible too. Hence listeners may perceive
one sound as coming from twice as far away as another.

Figure 3.21 Primary )

. . Perceived
interperspective Source (ii)
relationships of plot.

Perceived
Source (i)



Theoretically, secondary relationships, and those of higher ranks, can
constitute differences, ratios or any other function. Although, as far as | am
aware, possibilities such as these have not been seriously exploited by
composers, their existence is at least partly acknowledged: Stockhausen
(op. cit., p. 78), for instance, postulates that distance in space may be subject
to a ratio in the same way as durations.

The complete perspective domain of plot, which functions metathetically,
may be represented as a solid sphere, which extends indefinitely from the
listener situated at its centre.

Perceived
Elevation

Figure 3.22 Representation of the domain of plot.
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Conclusion

A striking feature of this chapter is the diversity of the five perspects
examined. Each is unique, for example, in the way its values are perceived,
and in the extent to which the relatidnships reckoned to exist between them
have won the acceptance of musicians. Of overriding importance to the
present theory, however, is the fact that every perspect is similar in having a
continuous domain of potential values. The fact that these domains differ
from one perspect to another can, for the present, be discounted, and, in the
chapters that follow, non-specific perspective ranges will continue to be
represented as straight lines along which values can be supposed to vary
unidimensionally. This practice is adopted merely for diagrammatic
convenience, however, and it does not affect the general validity of the
conclusions that are drawn.



The cognition of order in music

Introduction

This chapter introduces the theory concerning the cognition of order in
music that lies at the heart of the current work. The hypothesis presented
rests upon the presence of certain mental processes, whose existence and
nature were deduced from introspection. Since an awareness of cognitive
operations like these is extremely rare, it follows that, on a conscious level,
they can form neither a typical nor necessary part of the musical experience.
However, we can surmise that intellectual procedures of the kind proposed
must be present subconsciously, otherwise people would find music—the
art of organised sound—incomprehensible. The question of musical order
will be considered first with respect to the fundamental constituents of the
perceived sonic medium: perspective particles.

Order and freedom; restricting perspective values

A perspect has a certain hypothetical ‘freedom’, since it has many
potential modes of existence, determined by the values available within the
perspective domain (see figure 4.1). Conversely, it is feasible to perceive a
perspect as ‘ordered’ if its value is thought to be restricted in some way (see
figure 4.2). This ties in with the definition given by Weiss (1968, p. 18):

To order is ... to restrict entities in a definite way.

68
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Perspective
Domain

Value free
T to exist at
any location.

Figure 4.1 The freedom of a
perspect to appear as one of many
potential values.

Domain
of Pitch
— Restriction
from
‘S}—— middle ¢
to the

g next above

Figure 4.3 ‘Partial’
ordering of pitch.

Perspective
Domain

69

Restriction
«<——— on
value

Figure 4.2 Perceived ordering
through the restriction of
perspective value.

Domain
of Pitch

— One value

W < permitted:
— fourth octave a

Figure 4.4 Complete
restriction resulting in ‘total’
ordering.
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The degree of order varies according to the extent of the restriction that is
thought to obtain. For example, a pitch that can occur only over the range
extending from middle c to the g a perfect fifth above may be deemed to be
‘partially’ ordered (see figure 4.3), whereas if only one value is permitted,
for instance, a in the fourth octave (see figure 4.4), then this is in effect
‘totally’ ordered.

Imitation, repetition and the cognition of order

We now consider how composers convey the impression of order in the
pieces they create. In ‘pure’ music (devoid of text or accompanying action),
any order that listeners discern must stem from the musical medium itself,
that is, from perceived sound. It is my contention that this process occurs
through imitation: if one perspective particle is thought to echo another,
then its value is restricted, and ordering may be inferred. Since imitating
something implies that it is repeated (cf. Chavéz, 1961, p- 38), we can
further postulate that the source of perceived musical order lies in repetition.

Domain Domain
I I
(of the same
type as
Value (i) Value (ii) Domain 1)
(the same as
Value (i) and

thought to exist
in imitation

of it)

Figure 4.5 Ordering through imitation.

Hence a key prediction of the present theory is that the intuitive search
for repetition is central to the process of listening to music.
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The degree of ordering perceived is proportional to the fidelity with
which the second value duplicates the first. An exact resemblance produces
the effect of total ordering, as it entails the reproduction of just one particular
value. With successively freer imitation, the impression of order weakens.

Domain Domain
I I

Range of
values thought
Value (i) to exist in
imitation of

Value (i)

Figure 4.6 Partial ordering through approximate imitation.

In later chapters, corroboration of the hypothesis presented here will be
sought in the analysis of a wide range of music, with a view to exposing the
organisational procedures adopted compositionally, and whose detection,
albeit at a subconscious level, can be assumed by discerning listeners. Here,
indirect evidence is amassed from the works of other theorists. For instance,
it was established in the introduction (pp. 9 and 10) that a number of writers,
including Stravinsky and Schoenberg, have acknowledged the importance
of repetition in music. The fact that it is necessary to repeat things since
music is a ‘self-contained’ art-form, is recognised rather less frequently.
Selincourt (1920/1958, p. 156), for instance, states that:

The value of repetition in music belongs of course to the peculiar inwardness
of the art. A musical composition must be content to be itself. The reference
and relations into which analysis resolves its life-current need point to no
object, no event; they take the form of the creative impulse which is their
unity and they repeat one another because iteration is the only outward sign
of identity which is available to them.
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Similarly, in an expansion of the ideas put forward by Schenker (1906/1954,
pp. 4-6 and 1935/1979, p. 93), Rothgeb (1983, p. 39) comments:

Music, lacking access to the kinds of direct association with the phenomenal
world central to most other art forms, was able to satisfy the universal
requirement of association only through “the likeness of itself”—through
self-repetition.

Sessions (1950, p. 63) reaches the same conclusion:

Where there is nothing of a not strictly musical nature to contribute this
element of association, it must be supplied from within the music itself. The
music must, to state it cautiously, supply some element of repetition.

To find the concepts of repetition and order linked, one must look to the
realms of psychology and philosophy. Sickles and Hartmann (1942, p. 408),
for example, find that

On inspection, it will be found that order depends on the even repetition of a
unit ... one of the basic elements in the orderly whole is repetition.

Related ideas are expressed by Feibleman, (1968, pp. 3 and 4):

Intuitively, order has always been understood in terms of law, a law that
consists in a similarity among disparate elements ... Order, then, can be
identified with similarity and disorder with differences.

Jenkins (1968, p. 429) holds the view that

order embodies our discovery of pattern and regularity in the world. It
announces the similarities that hold among things and the sequences that run
among events; it summarizes the fact that we find threads of uniformity and
connectedness that bind together discrete objects and occurrences.

In conclusion, consider the following notion propounded by Cone (1987,
p. 237), concerning the derivation of musical material, which entirely
accords with the hypothesis presented above:

y is derived from x (y < x), or, to use the active voice, X generates y (x — y),
if y resembles x and y follows x. By ‘resembles’, I mean ‘sounds like’ ...
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Primary zygons

The interperspective relationships defined in chapter 2, whether reactively
gauging the connection between extant values or proactively anticipating
how they may be linked in the future, were essentially descriptive in nature.
However, the theory of perceived musical order presented here, in assuming
that one value is chosen to imitate another, supposes a functionally different
type of relationship, which is felt to act implicatively.!

The relationship through which one perspective value is implied by
another the same may be termed a primary zygon,>* which may be
symbolised as follows:

Perspective
Value

/’Z\

Perceived
Time

Figure 4.7 Primary zygon.

Observe that the ‘z’ stands for ‘zygon’. The full style of arrowhead
indicates a relationship between two perspective values the same.

1The notion of implication replaces that of causation found in earlier versions of this
passage (see Ockelford, 1991), a change that was influenced by Meyer’s discussion of the
two concepts (1989, pp. 84ff). I would now say that the cause of a perspective value was
the composer’s decision to take up the implication inherent in a previous one.

2‘Zygon’ derives from the Greek term for ‘yoke’, and implies the union of two similar
things. The adjectival and adverbial forms ‘zygonic’ and ‘zygonically’ will be employed
where appropriate.

3The general term zygonic relationship refers to any relationship with a zygonic
component.
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The arrow shows the direction of the ordering effect, which tends to be
chronological. However, reversals may be incurred when the second of two
identical values takes structural priority over the first. Consider, for example,
two pitches the same, one occurring on a downbeat and the other on its
anacrusis. Cone (1987, pp. 249ff) cites cases on a rather larger scale, such
as the introduction to a chorale prelude, anteceding yet deriving from a
cantus firmus; and the potpourri overture, which, by convention, draws on
themes heard subsequently. Although these echoes of sounds to be are the
exception rather than the rule, all zygonic relationships exert a certain
retrospective influence. The musical significance first accorded a perspective
value may well change if later it is found to imitate, or to exist in imitation
of, another; it would acquire an ‘evident meaning’ (Meyer, 1956, p. 37).

Like other interperspective relationships, zygons can be reactive or
proactive in operation. Either type may arise from the action of the
subconscious or may be conceived knowingly. Whatever the case, primary
zygons functioning proactively enable composers to prescribe or listeners
anticipate future values, derived from those that are presented. Reactive
zygons are the mechanism through which extant organisation is acknow-
ledged cognitively.

In music analysis that uses the theory of zygonic relationships, it would
seem advisable to be explicit about which mode of cognition is being
modelled. Is the aim to conceptualise the intuitions of the typical listener,
for example, or to retrace the process of composition? The two are not the
same: while some order, planned by composers, may go unnoticed, other
organisation may subsequently be discovered where none was conceived
(cf. Nattiez, 1990, p. 17). As Sloboda (1985, p. 102) remarks:

Itis ... possible that certain features of a composition highlighted by critical
analysis were no part of the composer’s intention, conscious or otherwise.
In a system of inter-related sounds as large as, say, a symphony, there are
bound to be some relationships discoverable by analysis which were neither
noticed nor designed by the composer.

Moreover, listeners’ perception of musical organisation may be swayed
by differing interpretations of the same piece: one performance may stress
what is felt to be an implicative connection, whereas in a second, the same
link may be played down.
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It is possible that no ordering is perceived betwen two values the same.
In analytical terms, the lack of zygonic influence may be expressed through
a non-zygonic relationship, indicated by cancelling the ‘z’ for zygon:

X

AT

Figure 4.8 Non-zygonic relationship.

It may be unclear whether a relationship is zygonic or not, in which case
values may be deemed to be connected through an interperspective
relationship expressing a difference of O (or a ratio of 1). This may be
symbolised as follows:

:I:X
Figure 4.9 Relationship between identical perspective
or interperspective values—zygonic status undefined.*

The criteria for inferring implicative intramusical connections are a
major concern of the present work. This complex issue has preoccupied a
number of analysts and engendered considerable controversy among them—
see, for example, Meyer’s damning critique (1973, pp. 59ff) of Reti’s (1951)
hypothesis. One hope of the theory offered here is that it may serve as an
analytical tool, through which the issues that form the substance of this
debate may be worked with a new precision.

4The notion that a relationship of this type conceptually embraces other forms of
interperspective connection, whether zygonic or non-zygonic, represents an advance on
earlier thinking (see Ockelford, 1993, p. 99).
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The canonic concept

Two zygonically related perspective values may be said to form a canon,
since the second may be considered to exist ‘according to the rule’ of the
first. This represents a substantial expansion of the conventional use of the
term:

A contrapuntal device whereby an extended melody, stated in one part, is
imitated strictly and in its entirety in one or more other parts. (Apel, 1969,
p- 124)

However, the interpretation presented here is not unprecedented: Lewin
(1977, p. 195) uses the expression ‘canonical transformation’ to mean

an operation on pc’s which is understood, in a given theoretical context, to
transform (the total content of) any pcset into a pcset which is accepted as
“similar” in that context.

As it is defined here, a canon can entail the ordering of perspects of any
type. The one concept, therefore, bequeaths a vast perceptual legacy,
encompassing a broad range of musical effects. These are examined in
chapters 7-12.

Variation

Since a canon may arise from a zygonic relationship between any pair of
perspective values of the same type, in diagrams, to avoid ambiguity, it is
necessary to append the pertinent initial letter or letters in the manner
adopted previously (see p. 24); figure 4.10.

A moment may be ordered through two or more zygons. Where a
number of similar zygonic relationships co-exist, these may be symbolised
in the simplified way shown in figure 4.11.

The more zygons that operate together in this way, the stronger the
ordering effect. The extreme case, in which all the relationships linking two
moments are zygonic, implies the existence of two identical fragments of
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Figure 4.10 Zygons of pitch, loudness and timbre.
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Barték: Concerto for Orchestra (1943); Finale
Presto 52 mf
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Figure 4.11 Co-existent zygonic relationships.

perceived sound, in effect forming one perceptual unit, whose intrinsic
duality can be implied only through the operation of external ordering.56

SThat is to say, as well as the need for order, a further fundamental requirement of
music is a certain amount of disorder, for perfect resemblance (which may be interpreted
as total organisation) would mean a piece reduced theoretically to an infinitesimal dot—
all sounds being sucked, as it were, into the black hole of complete identity. As Arnheim
(1971, pp. 48 and 49) observes: “orderliness by itself is not sufficient to account for the
nature of organized systems in general or for those created by man in particular. Mere
orderliness leads to increasing impoverishment ...”

SFor example, the two faces of the final f below are apparent only in the light of the
preceding part movement, and are thereby inferable through zygons of higher ranks:

Bach: Well-Tempered Clavier; Fugue 11, BWV 880

A |
{L =~ o 1 ) |

ST

Figure 4.12 The occurrence of identical moments of perceived sound.
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Inevitably, then, zygonic and other interperspective relationships frequently
operate together, creating the effect of variation. For example:

Grieg: Peer Gynt Suite I, Op. 46; 1. Morgenstemning

Allegretto pastorale

Flauto I ﬁ nE H

(other parts
omitted)

Figure 4.13 Co-extensive zygonic and other interperspective relationships
together creating the effect of variation.

(Observe that relationships operating in parallel between the same two
perceived sonic events may be connected transversely with a dotted line, as
here, to show their mutual association.)

This accords with the traditional use of the term. See, for example,
Schoenberg (1967, p. 9):

Variation ... is repetition in which some features are changed and the rest
preserved.

Bernstein’s definition (1976, p. 162) is also particularly pertinent in the
present context. He considers variation to be the:

Violation of Expectation. What is expected is, of course, repetition ... and
when those expectations are violated, you’ve got a variation. The violation
is the variation.
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In other words, variation cannot exist without the previously assumed
idea of repetition.”

Variation may also occur if one value is thought to imitate another
approximately. This is considered below (pp. 91ff). Differing musical
applications of variation are scrutinised in some detail in chapters 7-12.

Canons of fix; mutual zygons

A canon of fix implies simultaneity. Hence there is no perceived temporal
basis for deciding which value is the model and which the imitation. The
ordering effect can be given a specific bias only through appropriate
contextual implication. This may involve a further zygonic relationship.
For example:

Stamitz: Six Duets for Two Violas; II

Andante moderato

p

Figure 4.14 Zygon of fix polarised through zygon of pitch.

7See also Kubler (1962, p. 67): “It is in the nature of being that no event ever repeats,
but it is in the nature of thought that we understand events only by the identities we
imagine among them”.
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In the absence of a connection such as this, a primary zygonic relationship

may be mutual in operation: each value perceived to exist in imitation of
the other. For instance:

Beethoven: Symphony No. 9; 1st Movement

Allegro ma
non troppo

1 N iR —
Corni in Re @ l\]
rp

(other parts
omitted)

|
B Iy
/.. M
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Figure 4.15 Mutual primary zygon.

Zygonic relationships connecting perspective particles of other types
may function mutually too. For example:

Beethoven: Symphony No. 9; 1st Movement

prp
Corno g

Allegro ma
non troppo e
~~~ 4\ ~
Comin Re@ N
pp
(other parts
omitted) _
Corno b
rp

Figure 4.16 Co-existent mutual zygonic relationships.
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Indirect zygons

Two values may imitate the same model, while neither emulates the other
directly:

x and y may both be derived from some common source (a previous w such
that w — x and w — y), in which case y is not necessarily also derived from
x. (Cone, 1987, p. 240)

Their common descent is reflected in the kind of relationship perceived
to exist between them, which may be termed a parallel indirect zygon. See
figure 4.17. A further possibility is for one value to be echoed by a second
which in turn is imitated by a third, with no direct link between values one
and three. Here the connection involved may be described as a serial indirect
zygon, shown in figure 4.18. (Here the underlying relationships are shown
in light type).

Perspective
Value

X)
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*
Time
Y Perspective

Value
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Time

Figure 4.17 Parallel indirect zygon.
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Figure 4.18 Serial indirect zygon.

Secondary zygonic relationships

Following earlier reasoning (pp. 68-72), it is possible to consider a
primary interperspective relationship (which may itself be zygonic) to be
ordered if a restriction is thought to be placed on its value. This impression
of order may be created through imitation, implying the presence of a
secondary interperspective relationship between two primary values the
same, through which one is felt to imply the other. This may be referred to
as a secondary zygon, symbolised as follows:

Figure 4.19 Secondary zygon.
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A secondary zygon functioning proactively may lead to one new
perspective value (figure 4.20) or two more (figure 4.21).

Perspective

-
e

Perceived
Time

Figure 4.20 Secondary zygon responsible for the conception of one more
perspective value.

Perspective
Valge

Perceived
L] Time

Figure 4.21 Two perspective values conceived through a secondary zygon.
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Non-zygonic secondary relationships, and relationships whose zygonic
status is undefined are also conceivable, and may be symbolised as follows:

—X—

Figure 4.22 Non-zygonic secondary relationship and secondary relationship,
difference 0, zygonic status undefined.

Mutual secondary zygons are possible between primary relationships
that exist simultaneously, and where neither takes perceptual priority for
other reasons.

Perspective
Value
X +2
| | -\‘ X L}
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——
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/ A "
| ] ]
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Time

Figure 4.23 Mutual secondary zygons.
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The perspective values that are ultimately linked by a secondary zygon
(through two primary relationships) may be said to form a canon, since one
value—usually that occurring last—may be derived ‘according to the rule’
of the other three.

Finally, it is of interest to note that the theoretical stance adopted here
accords precisely with that taken by Sickles and Hartmann (1942), which
they illustrate with a geometrical model:

Consider our straight line again, drawn between three objectively given
positions and allowing two [successive] intervals. We still have disorder if
the points are not equidistant, i.e., if the intervals are not the same. However,
if we take this disorderly unit of two unequal intervals and add directly
beneath it another pattern of identical configuration we have order. Though
all four intervals are not equal, we do have two units of order, each composed
of two orderly intervals. (p. 410)

Zygonic relationships of higher ranks

A secondary interperspective relationship (whether zygonic or not) may
be perceived as being ordered through a tertiary zygon—see figure 4.24.
We can further suppose that a tertiary interperspective relationship may
itself be ordered through the operation of a quaternary zygon, which is
responsible for a canon comprising at least five perspective values; see
figure 4.25.% Similarly, non-zygonic tertiary and quaternary relationships
are possible, and tertiary and quaternary relationships whose zygonic status
is undefined.

Whilst logic dictates that the series of relationships outlined here is
capable of being extended indefinitely, perceptual limitations curtail its
musical applicability almost immediately: even a quaternary zygonic relation-

8A canon founded on a quaternary zygon could incorporate up to sixteen different
perspective values. Since, in such cirumstances, the effect of the ordering force depicted
in figure 4.25 would be spread much wider, so the degree of control pertaining to any one
perspective value would be less. Theoretically it would be possible to derive a measure of
the canonic intensity (or ‘canonicity’) of a passage by setting the minimum number of
perspective values demanded by the zygon in question against the number of values
actually taken up. Through such means, the canonicity of the group of values illustrated in
figure 4.25 can be calculated to be %s = 1, whereas a quaternary zygon that involved
sixteen perspective values would yield a correspondingly lower value of %/1s = 0.3125.
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Figure 4.25 Quaternary zygon.
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ship is just too intangible, it seems, to have found a place in musical
organisation to date. That is not to say, though, that in the future composers
may not effectively exploit relationships of this degree of abstraction. In
any case, as potential avenues of ordering, their presence should at least be
acknowledged on the theoretical map.

Mixed-rank zygons, zygons of cross-modality;
zygonic multivariate relationships

Interperspective relationships of mixed rank may function zygonically.
For example:

Perspective
Value

Fo \// o

(2‘ ?’) n

e T
’I/QN}‘ NS
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Time

Figure 4.26 Zygon of mixed rank.



4 The cognition of order in music 89

Similarly, cross-modal zygons are possible. For instance:

Perspective Value

X)

-\\’/\‘\;\Ify ‘//>\+

&
w] "
\\ Perceived
Perspective Value 8@- Time

49

|
)

‘y.]’ 1 "

Figure 4.27 Cross-modal zygon (cf. figure 2.25).

The two types may appear in combination (see figures 9.60ff).
Multivariate relationships may be ordered through imitation. For example:

Perspective X
Value Z
2 xhsm
" /
A*,
/ /\/\
/ A\ \j’)&
\¢
| ]
- Perceived

[ ] Time

Figure 4.28 Secondary zygon linkng primary multivariate relationships.
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Multivariate relationships may themselves be zygonic. For instance:

Perspective
Value

Perceived
Time

-

Figure 4.29 Zygonic multivariate relationship (cf. figure 9.20).

Inverse zygonic relationships

It is possible to consider one relationship as being ordered in imitation of
another where the second interperspective value is quantitatively the same
as the first, but its polarity is reversed. Zygons which order values in this
way, which may be secondary or of higher rank, may be termed inverse, and
symbolised as follows:

Perspective
Value

ey

Figure 4.30 Inverse secondary zygon (cf. figure 10.33).

¥S~

Perceived
Time
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Similarly, inverse secondary interperspective relationships of difference 0
or ratio 1 whose zygonic status is undefined may be shown thus:

Figure 4.31 Inverse secondary interperspective relationship
of difference O or ratio 1.

Inverse zygons have a somewhat weaker ordering effect than those than
those that maintain polarity too.

Imperfect zygons and imperfect canons

One value may derive from another, although noticeably differing from
it. The primary interperspective relationship through which such partial
ordering occurs may be termed an imperfect primary zygon, symbolised as
follows:

Perspective
Value

X

/‘Zl\ﬂ)sx

Perceived
Time

Figure 4.32 Imperfect primary zygon.

The degree of imperfection, here expressed as a difference, could also
take the form of a ratio. Neither need be indicated.
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The values together form an imperfect canon, which constitutes a type of
variation.’

Imperfect relationships may also be of secondary rank or higher. For
instance:

Perspective
Value
¥65% N g
4+ /
6%
b . Ky st \\
4
% 7
\\V/
2
n
. Perceived
Time

Figure 4.33 Imperfect secondary zygon.

The strictest form of imperfect ordering occurs when two zygonically
related perspective or interperspective values are separated by their JND
(just noticeable difference). Enlarging this difference progressively frees
one value from the other, as the bond between them grows increasingly
tenuous. Accordingly, the freer the imitation, the more strongly must its
presence be implied in the music if it is to be recognised. This may be
achieved, for example, through the gradual expansion of a pattern, through
which a listener’s expectations of order are continually strengthened, and
the illusion of reasoned effect is conveyed by ever wider interperspective
differences—stretching by degrees, as it were, his or her willing suspension
of disbelief (cf. figure 10.70). With sudden change, on the other hand, the

9This is the only type of variation open to individual values. Where two or more values
are considered together, variation may occur either through the maintenance of one or
more while the remainder are changed, or through the approximate imitation of some or
all of them. The underlying issue of similarity versus dissimilarity is considered by
writers such as Attneave, who states (1950, p. 519) that “The characteristics with respect
to which objects are similar may be conceptualized either as more or less discrete and
common elements or as dimensions on which the objects have some degree of proximity”.



4 The cognition of order in music 93

sense of coherence may well be lost, and the zygonic impression no longer
conveyed from one relationship to another.

Imperfect zygonic relationships of secondary rank and above are
conceivable through which polarity only is imitated.

Perspective
Value
At > n
4
S \'
St>nm < Yo\af‘d
: -
\\__/ 2
»
u Perceived
Time

Figure 4.34 The imitation of polarity alone (cf. figure 9.73).

The perceived temporal control of relationships; sequence

Even a short passage of music comprises an abundance of perspective
values, which are potentially linked by a prodigious number of inter-
perspective relationships, any of which may be zygonic. This means that if
the musical organisation devised by composers is to be perceived by listeners,
the relative disposition of the zygons involved must be carefully planned,
otherwise the ear, burdened with an intolerable processing load, would find
the search for order futile, and the general effect, irrespective of the patterning
theoretically present, would be tantamount to chaos. That is to say, any
control of perceived sound in terms of pitch, loudness, timbre, plot and
other non-temporal perspects would be ineffective without the parallel
ordering of the perceived temporal dimensions.°

10Cf. Simon and Sumner (1968, p. 228): “Patterns involve periodicity—repetition (ina
generalized sense) at intervals that occur periodically (in a generalized sense)’—and
Jones (1981, pp. 37ff).



94 The cognition of order in music

In its most precise form, structuring of this type involves zygons of fix.
These may operate side by side with the zygonic relationships that do not
pertain to perceived time—whose organisational force they permit to be
discerned. For example, secondary zygons of pitch and fix may exist
together.

Handel: The Messiah (1741); No. 17, Duet—He Shall Feed His Flock

Larghetto e piano
1

| AL Y
Violino I (other patts omitted)

L

Figure 4.35 Co-existent secondary zygons of pitch and fix.

Here, not only is the final value of the four derivable from the other three
considered together, but also its point of occurrence. Alternatively, the
perceived temporal and non-temporal zygons need not coincide. See, for
instance, figure 4.36.

Zygonic combinations such as these are fundamental to virtually all
music, and are the subject of detailed discussion in chapter 11.

Non-temporal perspective ordering may also be combined with imperfect
zygons of fix. Here, the chances of the intended organisation being missed
or mistaken by the listener inevitably tend to be greater. The potential
confusion is minimised, however, if the order in which events occur, at least,
is recognisably structured.

Consider a number of particles of fix. As reflected by their values, these
have a certain order of occurrence, or sequence. Within a sequence, each
particle of fix occupies a position relative to the others which may be termed
its sequential location, expressible as an ordinal number. Through this
process, the first member of a sequence may nominally be assigned the
figure ‘1°, and each thereafter by a successively higher integer (figure 4.37).
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Franz: Op. 6, No. 2; Wie des Mondes Abbild

Larghetto tranquillo )
Al
'—k . P
Db \/ \ D] 1 1
S " | |
Voice p | | | |
Wie des Mon —  des Ab —  bild
(piano part
omitted)

Figure 4.36 Non-coincident zygons of pitch and fix controlling
the same particles of perceived sound.

Perceived
1 2 3 4 5 6 7 Time

Figure 4.37 Ordinal numbers of fix expressing the sequential locations
of particles of fix.

In the same way that the values of two particles can be linked through an
interperspective relationship, so two ordinal numbers of fix may be compared
through a primary intersequential relationship. Relationships of this type

can exist equally within the internal sequence of one group of particles, or
between two such groups.
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An intersequential relationship be symbolised as follows; the manner in

which the first ordinal number is mapped onto the second being expressed
as a mathematical function, placed directly after the ‘s’.

S g
/ \
Figure 4.38 Primary intersequential relationship.

Commonly, a primary intersequential relationship may constitute a
difference, as the following:

S+4
O

Perceived
1 2 3 4 5 6 7 Time

Figure 4.39 Primary intersequential relationship of difference.

A primary intersequential relationship which matches identical ordinal
numbers of fix may be represented just by an ‘s’ standing alone in conjunction
with a double arrowhead. (The possibility of sequential ordering is discussed
later in this chapter—see pp. 99ff)

Perceived

1 2 3\ 4 Time

Perceived
1 2 3 4 5 Time

Figure 4.40 Primary relationship of sequence matching particles of fix
with identical ordinal numbers.
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The similarity of two primary intersequential relationships may be gauged
through a ‘secondary intersequential relationship’.

+1

TN
/5\ /5\

-

Time
Figure 4.41 Secondary intersequential relationship.

Two of these may in turn be compared through a ‘tertiary intersequential
relationship’, and so on, in a theoretically limitless, though perceptually
highly restricted, hierarchy.

Although it has proved convenient to consider them as such, particles of
fix are not really entities in their own right, that can be manipulated apart
from other perspects; each is merely the quantitative evaluation of the
temporal disposition of a fragment of perceived sound. Similarly, although
sequential location is a measure of the dimension of time, its effects pertain
to moments in their entirety, and so to all types of perspective particle.
Hence it seems appropriate to refer directly to the sequential location of a
particle of pitch, loudness, timbre or plot.

In the same way, it will often be appropriate to consider relationships of
sequence not in isolation, but as additional strands of qualification running
through interperspective relationships (which may be zygonic). Such
combinations may be symbolised by inserting an ‘s’ (for ‘sequence’) into
the ‘I’ (for ‘interperspective’) or the ‘Z’ (for ‘zygonic’). Indices may be
appended in the usual way, although as far as primary connections are
concerned, it is not necessary to indicate the rank of the sequential strand,
since this may be deduced from its host interperspective relationship. See,
for example, figure 4.42.
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Figure 4.42 Combinations of intersequential and interperspective relationships.
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The sequentiality of multivariate relationships may be shown as follows:

Perspective
Value
.
7/
s\
g ,V A
- 5
& /
]
L n
n
Perceived
Time

Figure 4.43 Representing the sequentiality of multivariate relationships.

The sequential ordering of perspective particles

The sequential location of a particle can be ordered through imitation.
Hence a ‘primary zygonic intersequential relationship’ may be considered
to exist, for example, as in figure 4.44. (Observe the zygonic status of the
relationship is indicated with a ‘z’.) On its own, however, the effect of such
ordering is too weak to be of any musical consequence; imitative control
functions purposefully in the realm of sequence when it is used to enhance
the strength of an interperspective zygonic connection.

A primary zygon that links particles whose sequential locations are also
zygonically related forms a dual bond which may be termed in full a
primary zygosequential zygon. The term ‘zygosequential’ implies that
the sequential component of the relationship is zygonic, a feature indicated
diagrammatically by inserting a smaller ‘z’ into the larger one that stands
for ‘zygon’. See, for instance, figure 4.45. A zygosequential primary zygon
is one of a group of similar relationships, which are all defined using the
same format:

[level and type of perceived temporal control]:[nature of relationship].
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A particle controlled by a zygosequential relationship is deemed to be
sequentially ordered. The term ‘sequentially free’ may be used in contra-
distinction.

Higher order intersequential relationships exist too. For example, a
secondary zygosequential zygon may be perceived as ordering one primary
interperspective relationship, including its sequentiality, through imitation.
See figure 4.46. Similarly, a tertiary zygosequential zygon may function
as shown in figure 4.47, and higher ranks of zygosequential zygon are
theoretically possible.

Finally, consider that a certain sequential equivalence is shared by two
values that have the same relative ordinal number, one measured forwards
from the beginning of a series of values, and the other gauged backwards
from the end. For example, the location of the first may be ‘a+2’ (gauged
from the beginning of the series), and that of the second ‘b—2’ (judged from
the end). In the realm of perceived time, equality of magnitude in conjunction
with opposing polarity yields retrogression. So, if two values are linked on
a primary zygonic basis, and the sequential location of one is believed to
exist in imitation of the retrograde equivalent of the other, then the two
values may be considered to be related through a retrograde primary zygon.
See, for example, figure 4.48.

It is also possible for the perceived temporal polarity of a relationship to
be reversed on a subsequent appearance through the operation of a retrograde
secondary zygon (figure 4.49). Observe that this secondary relationship
takes no account of the primary sequential locations it connects, an aspect of
retrogression that is considered below (see figure 6.62).

The sequential ordering of interperspective relationships

A primary interparticular relationship itself has a sequential location,
based on the relative positions of the two particles that it links. This may be
expressed as a matrix, whereby relationships existing within a group are
expressed horizontally, and those between groups vertically. The sequential
matrix appears above the letter denoting the type of relationship—see, for
example, figure 4.50.
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108 The cognition of order in music

The sequential location of an interperspective relationship, of any rank,
may be related to that of another similar through a primary intersequential
relationship. Moving from one location to another may affect an entire
matrix consistently (if both primary relationships share the same sequential
difference), or individual members may undergo separate transformations.
For instance:

(+6 +5)

Perspective S
Value —\’_\(7 8

X
—
L] [ >
7 1\«
o M
¥ +2x 8
=

\— 3
/ A"
¢ 6)

| ]
1 [

X
[ ]
1 6

- Perceived
5 Time

Figure 4.51 Primary relationship of sequence linking the sequential locations
of primary interperspective relationships.

Sequential ordering results when the sequential location of one relationship
is felt to imitate that of another. This is most likely to occur through the co-
agency of a secondary zygon, forming a combination which may be termed
a primary zygosequential secondary zygon (see figure 4.52).

Conceivably, the location of a relationship within a series of values may
be reversed. If this is deemed to occur through imitation, then the operation
of aretrograde primary zygosequential secondary zygon is implied, which
may be symbolised in the manner shown in figure 4.53.
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One primary interperspective relationship may differ from another, both
quantitatively and with regard to relative position. The two may be compared
through an asequential secondary interparticular relationship.

Perspective

Value L] ’_\ (&3 9

\
. 3

u Perceived
Time

Figure 4.54 Asequential secondary interparticular relationship.

Sequential ordering may occur if two identical relationships of this kind
exist, and one is imagined to imitate the other through a secondary
zygosequential tertiary zygon. See figure 4.55. Similar principles
theoretically apply to relationships of higher ranks.

To conclude, it should be recognised that many of the observations
concerning sequence made here apply not only to particles, but also to more
substantial chunks of perceived sound, and to groups of perceived sounds
considered together, for which they have greater musical relevance. It is a
matter of theoretical convenience that sequence is discussed at this stage.

Order deriving extramusically

Ordering may occur through the imitation of perceived sounds outside
music, and through the representation of other external events. For instance,
the view is held by some that repetition in music is itself an imitation of
recurrence in nature, that:
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4 The cognition of order in music 113

Man’s striving for order, of which art is but one manifestation, derives from
a similar universal tendency throughout the organic world (Arnheim, 1971,
p. 48).

Schenker (1906/1954, p. 6) states that

Man repeats himself in man; tree in tree. In other words, any creature
repeats itself in its own kind ...; and by this repetition the concept “man” or
the concept “tree” is formed. Thus a series of tones becomes an individual in
the world of music only by repeating itself in its own kind; and, as in nature
in general, so music manifests a procreative urge, which initiates this process
of repetition.

This opinion is shared by Chavéz (1961, p. 44):

Nature itself ... teaches us by repetition. Repetition reigns over all basic
phenomena in the physical world, and we imitate Nature in its repetitional
procedures.

In terms of the present theory this means that the effect of a natural entity
reproducing in its own likeness may be transferred to music via a secondary
zygonic relationship:

natural events or objects
the same

) Perceived
O Time

ordering relationship

through which
A produces B
%%
2 (S +
Perspective

Value

X)
Figure 4.56 Transference ZX
of ordering effect through -/— 1\1.
cross-modal secondary

zygonic relationship. Perceived
Time
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Conclusion

This chapter has presented a theory concerning the cognition of order in
music, which states that the value of a variable will be perceived to be
ordered if it is thought (consciously or subconsciously) to exist in imitation
of another. The relationship between two such values is termed a ‘zygon’;
together they are said to form a ‘canon’. It is further hypothesised that for
canonic organisation to be discerned, perceived temporal control must be
present; order is of no consequence if listeners are unable to predict when it
is going to occur. These principles are introduced through descriptions of
their general application to perspective and interperspective values. Chapters
5 and 6 build on this theoretical base to examine more extended aspects of
musical structure.

The theory presented has relevance to other art-forms too: many paintings,
for example, are ordered through the imitation of external objects or events,
thereby implying the presence of zygons between the world as it is perceived
and the work of art. Moreover, in transforming what is seen, pictures
normally display an inner coherence that ultimately derives from the repetition
of one or more of its perceived aspects, such as colour, size, shape or
texture. An abstract drawing that lacked duplication of any feature—that
showed no evidence of symmetry, uniformity or regular change—would be
the visual equivalent of random bursts of white noise. These concepts
pertain to the products of other media as well: it is difficult to envisage a
truly random sculpture, in which imitation played no part, and a bewildering
variety of substances was distributed chaotically within an undefined three-
dimensional region; in the field of architecture, the building which differs in
every feature has yet to be erected (see Harris, 1931, p. 306); and the ballet
whose movements were irregular in space and time would be unperformable.

With regard to the verbal arts, repetition is both the heart of language and
its soul: a code whose symbols could be used only once, and so had
constantly to be invented afresh, would be indecipherable; while in poetry,
forms of imitation abound that are strikingly similar to those used in music.
Apart from the question of metre, rhyme, assonance and alliteration are
nothing more than types of timbral repetition (see Chavéz, 1961, pp. 39 and
40; Bernstein, 1976, pp. 147 and 148).



Protractions, and their ordering

Introduction

In the previous chapter, attention focused largely on individual zygonic
relationships. This chapter and the one following examine networks of such
relationships. We begin by considering the many separate perceived sounds
which the Western analytical tradition typically regards music as comprising:
‘notes’.!

Notes, elements and protractions;
constants and variables

A note is customarily taken to be a portion of perceived sound that is
constant in pitch. To the analytical ear, however, the notes of many
instrumental and vocal performances exhibit considerable pitch variation,
partly induced through the use of ornamental devices such as vibrato
(Seashore, 1938, p. 266). Given the less critical stance normally adopted by
listeners, though, such expressive deviations tend to be disregarded, giving
the impression of perspective uniformity (Seashore, 1936, p. 48).

1“Tones’ in USA (Apel, 1969, p. 856). The relative importance of pitch and the
temporal perspects is shown by the fact that the term ‘note’ or ‘tone’, as well as meaning
an entire blob of perceived sound, actually refers to its pitch, duration or both. Hence to
the question: “What note is that?”, appropriate answers may be: “cf’; “a minim”; or “cf
minim”.

115
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A change in pitch, therefore, signals the end of one note and the beginning
of the next, a boundary that may also be articulated by silence, a fresh
attack, or a sudden modification in loudness, timbre or plot. In general
terms:

the note, as a stimulation homogeneous during a certain interval of time, is
segregated from the other notes and unified within itself, by its homogeneity
and its difference from the other notes.? (Koffka, 1935, p. 434)

Not all music, however, is divisible according to criteria like these, and
there is no reason to suppose that notes will constitute the unquestioned
quantum of certain future styles, particularly those incorporating electron-
ically synthesised sounds. Therefore, in the present context, it is appropriate
to introduce the broader concept of elements,* which may be defined as any
complete units of perceived sound into which music can reasonably be
divided. Accordingly, elements may vary in pitch or any other perspect.

Just as a moment comprises the fleeting appearance of several perspects
of perceived sound, each termed a ‘particle’, so an element constitutes
temporally extended manifestations of these perspective apperances, which
may be referred to as protractions. Protractions fall into two main categories:
those that are perceived to be constant and those that are variable (see figures
5.1 and 5.2).* The distinction between the two may not be clear cut,
however. For example, portions of a variable may be constant. Although
oversimplification is an inevitable feature of any system of classification
such as this, its effects can at least be assuaged at a later stage, when
borderline cases can be tested against the newly-secured conceptual
framework.

2Rahn (1983, pp. 27 and 28) “raises the question of the definability of notes. Notes are
generally distinguished by attacks or changes in pitch. But the distinction between a
sustained note and a tone with an attack is not always clear. String tremolos in Western
music, and pulsations in native North American music are but two illustrations of
ambiguity in this regard. And pitch changes cannot be defined without recourse to
interpretive criteria. For example, there is no objective, measurable difference between a
wide vibrato and a narrow trill exclusive of other features of the musical structure.”

3Adjectival form: ‘elemental’.

4These terms may be used as nouns too: hence the expressions ‘protractive constant’
and ‘protractive variable’.



5 Protractions, and their ordering 117

Perspective
Value

Perceived
Time
Figure 5.1 Constant protraction.
Perspective
Value
|
Perceived
Time

Figure 5.2 Variable protraction.

Constants may be perfect, if they perceived to be absolutely unvarying,
or imperfect if virtually no change is perceptible. This distinction is drawn
here for the sake of theoretical completeness—it is of far greater musical
significance at the level of associations (see chapter 6).

An element can be regarded as comprising many moments (cf. Boretz,
1970, p. 84; Komar, 1971, p. 36). These should be thought of not as fixed
portions of perceived sound which always go to make up an element in the
same way, but as imaginary slices, each of which conceivably occuring at
any point, and therefore almost certainly, though imperceptibly, differing
from one hearing to another (cf. p. 14). The same is true of the numerous
particles that hypothetically constitute a protraction: each the briefest
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imaginable sample of a perspect, taken with a resolution as fine as perception
will allow.

Perspective
Value
(scale larger than in
preceding figures
and those that follow)

possible disposition of particles on one occasion

1

protraction

v v
possible disposition of particles on a second occasion

Perceived
Time

Figure 5.3 Particles differing from one occasion to another (cf. figure 1.2).

The perceived temporal dimensions of elements:
prefix, suffix and duration

Values of fix vary widely in perceptual significance according to their
relative position within a protraction. The initial particle is normally the
most important: the perceived onset of an element is a prime concern of
composers, performers and listeners alike. This may be termed the prefix
(abbreviated to ‘pF’ when symbolising relationships). Next in order of
priority is the fix at the end of an element, which may be termed the suffix
(whose corresponding abbreviation is ‘sF’). These terms are not entirely
without precedent: the labels ‘prefix’ and ‘suffix’ appear in Erickson (1975,
p. 6), for instance, although there they are attached to the objective correlates
of the perceived ‘attack’ and ‘final sound’.

Just as the prefix is perceptually the most significant temporal particle of
an element, so the most important primary interperspective relationship of fix
linking two elements is that between their prefixes. This view is confirmed
by Clarke (1985), who, in referring to the ‘inter onset interval’, states:5

5Yeston (1976, p. 39) refers to this as the ‘attack-point interval’.
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This is the most significant measure as far as the rhythmic function of the
note is concerned. (p.212)

Connections involving the suffixes of elements
refer mainly to the articulation properties of the note. (ibid.)

The numerous fixes of an element together constitute a variable, since
succeeding values differ as they register the passing of time. This Komar
(1971, p. 36), after Boretz (1970, p. 84), refers to as a ‘time-span’, whose
range is equivalent to the perceived elemental length or duration®’ (which
may be shortened to ‘D’ in the representation of relationships).

Although the perception of duration shares much in common with the
apprehension of interperspective relationships of fix (cf. pp. 58ff), a few
additional comments are pertinent here. Duration is a simple perspect,
whose values show a monotonic decrease in similarity as the difference
between them is increased. The work, for example, of Kinchla (1972)
supports the commonsense assumption that the JND grows as durations
lengthen. Hence the perspective domain, which is metathetic, may be
represented as follows:

Perceived

_— Ti
ime

Figure 5.4 Representation of the perspective domain of duration.

6Dowling and Harwood (1986, p. 185) offer a similar definition of duration, as the
‘psychological correlate of time’. The term ‘physical duration’ may be used where such a
distinction needs to be drawn. Observe that this represents a slight departure from
traditional usage.

7It is interesting to note that duration is the one feature of silence that is controllable—
cf. Griffiths, 1986, p. 166. See, for example, Messiaen’s Turangalila-Symphonie,
movement VI.
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Constant protractions i:
primary intraprotractive constant systems

An element comprises protractions of fix, pitch, loudness, timbre and
plot, which, with the exception of fix, may form perspective constants.
Although the observations made here are couched only in general terms, it
is appropriate to reiterate the point made earlier with respect to pitch
(p. 115), that what appears to be uniform on one perceptual level may in fact
reveal fluctuations to the ear that is suitably attuned. Comparable observations
apply to other perspects too. Most perceived sounds produced vocally or
instrumentally—particularly those that are struck or plucked—are not
constant in loudness, for instance, although the variation associated with
each note often goes unrecognised. Take the following excerpt from
Beethoven’s piano sonata in E major, op. 10, no. 3:

Beethoven: Piano Sonata, Op. 10, No. 3; 1st Movement

(Allegro) //_\l
| L

e —
D) 106 i l “\__/ o ©
Y/ J—

2 £ 4 S ™~
gt 2 2 g
e

Figure 5.5 Varying levels of loudness heard as a constant association.

This would normally be regarded as existing on just one dynamic level
(pp), although with a listener’s attention suitably engaged, it could be heard
as a series of diminuendi (say, pp down to ppp on each minim). Yet later in
the same piece, Beethoven expressly asks that performers pay heed to the
decreasing level of loudness inherent in the piano tone (see figure 5.6).2

8Indeed, listeners may even be required to hear the diminishing dynamics of the piano
as a crescendo: take, for example, bar 62 of the last movement of the sonata op. 7 (see
Brendel, 1976, p. 147).
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Beethoven: Piano Sonata, Op. 14, No. 1; 2nd Movement

S

(Allegretto)9 & > /_\fh
AR S S
e ===

PY) I I
P decresc. PP ~
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[ — |

Figure 5.6 Diminishing loudness of piano tone intended to be heard
as a decrescendo.

Similarly, in a musical context, listeners would normally consider most
perceived sounds to have single timbres, although the characteristic qualities
of instruments and voices actually depend on variation.

In using the designation ‘constant’, the aim is merely to reflect what may
be taken to be the customary mode of listening, with the understanding that
this will depend on how the element is projected stylistically, and may vary
from one individual to another and on different occasions.

The theory presented in chapter 4 suggests that the value of every particle
in a constant protraction (following the first) may be perceived as being
ordered through the imitation of those preceding it. This implies a network
of latent zygonic relationships (see figure 5.7), which may be represented
rather more simply in the manner shown in figure 5.8, and which may be
termed in full a primary intraprotractive zygonic constant system.’

‘Intraprotractive’ means ‘within a protraction’—information that can
normally be omitted since it is contextually self-evident. The term ‘system’
is defined here as a network of relationships operating within a group of
perceived sonic events, through which every member is conceivably related
to every other. The qualification ‘constant’ indicates that these are all
identical.

90bserve that, since the manner in which a constant protraction is perceptually ‘broken
down’ into particles is liable to differ from one occasion to another, so is the precise form
of this hypothetical complex of relationships.



Figure 5.7 Hypothetical network of interparticular zygonic relationships
through which the opening of a constant protraction is perceived to be ordered
(cf. Husserl, 1964; Miller, 1984, pp. 117ff; Lewin, 1986, p. 329).
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Figure 5.8 Simplified representation of the network illustrated in figure 5.7.

This model shows potential relationships, not all of which could possibly
be realised cognitively. However, a proportion of them must be activated on
any given occasion, since the interposition of particles of random value in
an otherwise constant protraction would be perceived immediately and
would create an impression of disorder. Moreover, research has shown that
if aportion of a pitch constant is interrupted with a burst of noise sufficient
to mask it, then the steady sound continues unabated in the listener’s
imagination (see, for example, Bregman, 1978, pp. 70 and 71), a process
which indicates the operation of proactive primary zygons.

In most analyses, it would be unnecessary and impracticable to acknow-
ledge the relationships that underlie the perception of every constant
protraction; their existence can be assumed. Occasionally, though, by dint
of particular musical prominence (gained, perhaps, by virtue of an unusually
long duration), protractive constancy may be deemed worthy of especial
analytical attention. On occasions such as these, symbolism along the
following lines may be used (see figure 5.9).

The ‘filled” arrowhead of the primary zygon indicates a plurality of
relationships the same— here a constant system.10 The primary zygons that
constitute this system are associated with interperspective relationships of
fix whose values may vary. This variability is shown by the ‘open’arrowhead.

10This is a form of ‘substitution’, whereby a single sign is made to stand for two or
more others. This principle is used extensively in the current work—without it many of
the diagrams would be choked in a forest of unnecessary detail.
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Figure 5.9 Symbolism of primary intraprotractive zygonic constant system.
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primary intraprotractive constant system

variation could be
specified if so desired
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1
primary imperfect zygonic constant system

F X
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1

primary imperfect constant system

Perceived

Time

Figure 5.10 Symbolism of other intraprotractive constant systems.
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The fact that the primary zygons can occur at any point during the constant
is also shown with an interperspective relationship of fix bearing an open
arrowhead, anchored at the beginning of the protraction with a filled dot.
Open dots show the perceived temporal freedom of the remaining relation-
ships. Comparable symbolism may be used for constant systems whose
zygonic status is undetermined, and for imperfect constant systems (see
figure 5.10).

Constant systems may be represented even more simply along the
following lines (cf. figures 8.10, 8.29 and 10.1):

Perspective
Value

1

S

Perceived
Time

Figure 5.11 Simplified representation of constant systems.

Constant protractions ii:
primary interprotractive constants;
related secondary constant systems

The value of each perspective particle in one constant may be related to
the value of every particle in a second. Between two constants, therefore, a
network of identical primary interparticular relationships potentially exists.
See figure 5.12. A simpler form of representation is shown in figure 5.13.
This may be termed a primary interprotractive constant, symbolised as
shown in figure 5.14.1

1iNote that the term ‘relationship’, in the generic sense, may be used in referring to
constants, invariants (cf. figure 7.2) and other connections made up of multiple strands.
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Perspective
Value

Perceived
Time

Figure 5.14 Primary interprotractive constant.

The fact that the symbol representing the primary interprotractive constant
stands for relationships that can exist anywhere along the length of the two
protractions is shown by the two signs indicating free interperspective
differences of fix. Again, these perceived temporal indications may be
omitted as standard practice. For example:

Perspective
Value

.

~

Perceived
Time

Figure 5.15 Simplified symbolism of primary interprotractive constant.



It is possible to consider that any of the interparticular relationships that
make up a primary interprotractive constant (except the first) exist in
imitation of one or more of those occuring earlier. A network of secondary
interparticular zygons is thereby implied, which may be termed a secondary
zygonic constant system, and represented as follows:

Figure 5.14 Secondary zygonic constant system between primary
interprotractive constants.

A simpler form of symbolism is presented in figure 5.15. Here, the inter-
protractive constant is illustrated using two symbols connected with a solid
line to enable the secondary constant system to be shown (cf. figure 6.30).
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Perspective

Value

Perceived
Time

Figure 5.15 Proposed symbolism of secondary zygonic constant system

between primary interprotractive constants.

The second of two constant protractions the same, which is held to exist
in imitation of the first, may be considered to be related through a primary
interprotractive zygonic constant, symbolised as follows.

Perspective

Value

/Z_lx\

Perceived

Time

Figure 5.16 Primary interprotractive zygonic constant
(cf. figures 8.11 and 10.4).
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Primary interprotractive zygonic constants may be imperfect in two

ways.

First, two perfect constants may differ slightly. The relationship

between them may be termed an imperfect primary zygonic constant,
symbolised as follows (cf. figure 10.6):

Perspective
Value

Perceived

Time

Figure 5.17 Imperfect primary interprotractive zygonic constant.

Observe the use of a filled arrowhead and the optional notation of the degree
of imperfection involved.

Conversely, either or both of the constant protractions may themselves be
imperfect, while being centred on essentially the same perspective value. In
these circumstances, the relationship between them may be termed a primary
imperfect zygonic constant. Constants of this type are shown using open
arrowheads (cf. figure 6.33).

Perspective
Value
/ * the range of
variation could be
Zx specified if so desired
/ N«
—— P ————.
Perceived
Time

Figure 5.18 Primary interprotractive imperfect zygonic constant.
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Imperfect primary constants of this type need not be zygonic. For example:

Perspective
Value
e st et
*
)5

* the range of
variation could be
specified if so desired

X

Perceived
Time

Figure 5.19 Primary imperfect constant (cf. figure 6.29).12

Constant protractions iii:
higher ranks of interprotractive constant

Potentially, two primary interprotractive constants may be related through
a vast array of secondary interparticular relationships (see figure 5.20).
This may be termed a secondary interprotractive constant. See figure 5.21.

When one primary constant is perceived to exist in imitation of another
the same, they may be deemed to be related through a secondary
interprotractive zygonic constant, as shown in figure 5.22 (cf. figure
10.115). An inverse secondary zygonic constant—(cf. figure 10.85)—is a
further possibility (figure 5.23).

By extension, tertiary interprotractive constants, which may but need
not be zygonic, can be thought to relate secondaries; see figure 5.24 and cf.
figure 10.15. The musical application of interprotractive constants varies
greatly from perspect to perspect, as will become apparent in chapters 8-10.

12Note that such a constant differs from an invariant (defined later in this chapter) in its
lack of sequential restriction.



allIL PanIgaIad



Perspective

Value
/’_\]X
\/\ -+ 2 3?
b
x
x‘\ %
N A
N
Perceived
Time
Figure 5.21 Secondary interprotractive constant.
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Figure 5.22 Secondary interprotractive zygonic constant.
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Perspective
Value

\

Perceived
Time

Figure 5.23 Inverse secondary zygonic constant.

Constant protractions iv: secondary constants
between primary intraprotractive constant systems

A listener may hear the very uniformity of one constant as corresponding
to that of another. This mode of perception may be interpreted in terms of a
network of interparticular relationships—a secondary constant—through
which each member of the primary constant system associated with one
protraction is potentially linked to every primary relationship pertaining to a
second. See figure 5.25. Which of these potential relationships are in fact
realised is dependent on a range of perceptual and contextual factors. A
secondary constant operating between primary intraprotractive constant
systems may be symbolised as shown in figure 5.26.

Where order through imitation is perceived to be present (see figure 5.27)
a secondary zygonic constant is inferred. Musical examples appear in
chapters 8 and 10 (cf. figures 8.11, 8.30 and 10.2).



Figure 5.25 Opening relationships that potentially constitute
a secondary constant between primary intraprotractive constant systems.
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Figure 5.27 Secondary zygonic constant between primary constant systems.

Variable protractions i:
uniform primary intraprotractive invariant systems;
secondary intraprotractive constant systems

This section and the one that follows examine the interparticular relation-
ships that pertain to variable protractions. We begin by examining the
internal ordering of protractions that feature regular change. This occurs,
for example, when a given primary interperspective value of fix is habitually
associated with the same interparticular difference (see figure 5.28). Paired
relationships like these potentially exist in great profusion. Grouping them
in identical sets offers a certain conceptual clarification. Each set forms a
uniform primary intraprotractive invariant system of difference.

The term ‘uniform’ recognises that each relationship expresses the same
interperspective value of fix. In the present work, ‘invariant’ is used to
label groups of identical relationships that link pairs of perspective values
within or between variables. Contrast this with the term ‘constant’, which is
reserved for combinations of relationships the same that potentially connect
all the members of a group of equal values—internally, or to another similar
group. Hence a constant implies a far greater proportion of relationships to
values than does an invariant. A uniform primary invariant system may be
symbolised in the manner shown in figure 5.29.

Invariant systems of any type may be imperfect.
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Figure 5.28 Regular variable protraction.
Perspective
Value
Figure 5.39 Uniform
primary intraprotractive
invariant system
of difference.
Perceived

Time



5 Protractions, and their ordering 139

The presence of one invariant system implies the existence of others.

Perspective
Value
*2x
4+ +x
< A
Perceived
Y Time

Figure 5.30 Implied further invariant systems (cf. figure 10.12).

Since the relationships that comprise a primary invariant system are all
identical, it is possible to regard those following the first to be ordered
through the imitation of others occurring earlier, implying the presence of a
uniform secondary zygonic constant system. See, for instance, figure
5.31. In this diagram, the primary invariant system is represented by the
two pairs of primary relationships, connected with unbroken lines. The fact
that the perceived temporal interval that separates them is variable is shown
by the interperspective relationship of fix with an open arrowhead linking
their onsets. These separate strands are tied together through the uniform
secondary zygonic constant system, which operates in two domains: per-
ceived time and, in this case, the perspect ‘X’. Each ordering effect relies on
the other for its existence—here, the zygons of fix qualifying those of ‘X’.

The system illustrated in figure 5.31 is part of a one much larger comprising
secondary zygons that connect members of the other primary invariant
systems potentially associated with the variable. The complete network of
interperspective connections may be symbolised as shown in figure 5.32
(cf. figures 8.19, 8.36 and 9.26).

Compelling evidence that listeners build up internal models such as those
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Perspective
Value
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Time

Figure 5.31 Uniform secondary zygonic constant system.
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Value
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Time

—

Figure 5.32 Representation of all the uniform secondary constant systems
associated with a regular variable.



5 Protractions, and their ordering 141

described here is offered by the work of Dannenbring (1976), in which it
was demonstrated that listeners will mentally reinstate portions of regular
pitch glides that are omitted. From this, the proactive projection of
interparticular relationships based on the pattern of those that precede may
be inferred.

Characteristic of all protractions is a regular variable of fix. This implies
that a given protraction potentially supports many different sequentially
ordered invariant systems of fix, each based on a differing interperspective
difference, and each conceivably ordered through the operation of a secondary
constant zygonic system. Perhaps the most significant of these is the system
controlling the primary relationships linking successive particles; here, the
order stems from the very continuity of an element of perceived sound.

Observe that there is also a sense in which an invariant system can be
thought to act imperfect-zygonically, since each particle following the first
may be perceived as being ordered through approximate imitation of those
preceding—the more direct their adjacency, the greater degree of perfection
involved. The sum of such relationships working within a protraction
constitutes a uniform primary zygonic invariant system (cf. figure 8.24).

Perspective
Value

* plus a small perceived
temporal increment

Perceived
Time

Figure 5.33 Uniform primary zygonic invariant system.

Theoretically, invariant systems may be based on ratios. For example,
the value of the following variable doubles for every nominal unit of time
that passes (figure 5.34).
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Perspective
Value

variable whose value doubles
for every nominal unit
of perceived time that passes

Perceived
Time

Figure 5.34 Uniform invariant system of ratio.

In practice, however, although listeners may be able to ascribe such
precise functions to sounds perceived under the contrived conditions feasible
in the laboratory, it is doubtful whether it would be possible to distinguish
an invariant of ratio from the many other similar patterns of change that are
possible, especially in the rich and distracting aural environment that music
typically offers. Indeed, alternative interpretations of the same variable are
possible. For example, the rising pitch illustrated in figure 5.35 could be
heard either as a uniform invariant of ratio, linking a series of widening
intervals which occur at regular points in time, or as an invariant of difference,
in which a series of equal intervals occupy successively shorter time-spans.



5 Protractions, and their ordering

143

BN

Pitch

Perceived
Time

T»

Figure 5.35 Alternative interpretations of accelerating change in pitch.
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Variable protractions ii:
uniform primary interprotractive invariants;
secondary and tertiary zygonic constants

This section examines the networks of interparticular relationships that
may exist between variables. We begin by considering two variables that
exhibit identical patterns of change and between which there is a constant
difference. They may be related through a web of differing interparticular
relationships, whose combined effect would be cognitively overwhelming.
However, attention may naturally focus on the run of parallel identical
relationships linking particles with the equivalent perceived temporal location
in their respective protractions, each existing side by side therefore with a
secondary zygonic relationship of fix. This network may be termed a
uniform primary invariant of difference, and symbolised as follows:

Perspective
Value .\1" /_\*5*‘
-2
| <
,: \/\\
< 7
N z
" ~_  — /- Perceived
Time

Figure 5.36 Uniform primary invariant of difference.

If two the variables are identical, and one is perceived as a repetition of
the other, the relationship between them may take the form of a uniform
primary zygonic invariant. See, for instance, figure 5.37 (and cf. figure

10.13).
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Figure 5.37 Uniform primary zygonic invariant.

The pattern of change in one variable may be perceived as imitating that
in another through the operation of a secondary zygonic constant between
primary invariant systems. For example:

Perspective
Value

Perceived
Time

Figure 5.38 Secondary zygonic constant linking primary invariant systems
(cf. figure 8.7).
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Here, a set of intraprotractive relationships with a certain perceived
temporal span pertaining to one protraction are reckoned to order a
comparable set of relationships in a second protraction. This principle can
be generalised to all other primary intraprotractive invariants pertaining to
the variables, regardless of the perceived temporal interval on which they
are founded (cf. figure 8.21).

Perspective
Value

Perceived
Time

Figure 5.39 Representation of uniform secondary zygonic constants
involving all invariants.

One protraction may display a pattern of regular change that differs
consistently with that of another. The relationship perceived between them
may constitute a uniform secondary constant (see figure 5.40). In this case,
the interparticular relationships associated with a given interperspective
value of fix in one protraction are related by a constant difference (—x) to
those of similar perceived temporal disposition in another. One uniform
secondary constant may be heard as existing in imitation of the other
through the operation of a tertiary zygonic constant. See, for instance,
figure 5.41 (and cf. figure 10.14).
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Perspective
Value
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Time

Figure 5.40 Uniform secondary constant.

Conclusion

This chapter has examined the organisation of ‘protractions’, which exist
either as ‘constants’ or ‘variables’, by investigating the ‘intraprotractive’
and ‘interprotractive’ networks of relationships that potentially exist within
and between them. These networks may form ‘constants’ or ‘invariants’.
Those identified above are summarised in the following charts (see figure
5.42), the first referring to constant protractions and the second to variables.
A different horizontal level is reserved for each intraprotractive or
interprotractive rank. The connecting lines mean “may be related by”
(moving down the page), and “may relate” (moving up). Lines that move
down to the left lead to networks of relationships that operate within
groups— ‘systems’; those that move down to the right locate interperspective
connections that function between groups. Both charts show only a small
portion of what are extensive families of relationships.
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Associations, and their ordering

Introduction

This chapter examines the principles underlying the ordering that occurs
within and between groups of elements. The section that follows offers
some preliminary definitions.

Complements, configurations, associations and continua

Two or more elements together constitute what may be termed a
complement.! While there are no theoretical constraints on how elements
may be grouped, in practice, music divides itself more naturally into some
complements than others. Listeners’ preferred groupings, and the cognitive
mechanisms that determine them, are a concern of Gestalt psychology,
discussed later in this chapter (see pp. 224ff).

The members of a complement (unlike those of an element) may occur in
any perceived temporal combination, ranging from simultaneity to isolation,
which may involve the interposition of other material. Diagrammatically,
the boundaries of a complement are shown with a continuous line. See, for
example, figure 6.1.

In certain cases, even a single element may be perceived as a complement;
for example, if it is:

1Related terms: ‘complementary’, ‘intracomplementary’, ‘intercomplementary’, etc.

150
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Elgar: ’Cello Concerto, Op. 85; 1st Movement

Adagio g |7|\ nobilmente largamente )
1 A & : . - )‘
Violincello W_ﬁ l — v
solo PE—%— I ———
(other parts .ﬁ F #. E #r_cz
omitted) . s

Beethoven: Symphony No. 9, Op. 125; 4th Movement

~ N
241 (Allegro assai)

Baritono [ EHEP—P—F T P i 5w 1P —ap

[ (1 : I 1 LI | 1 ! I Ii i I } 1 ! Irl : i |
(other parts LFreu—de, schon-er  Got—ter—funk-en, Toch—ter aus E—Ily — si—um,
omitted)
Sullivan: H.M.S. Pinafore (1878); No. 18
Moderato
e e =
14 Y _— 77 Y Y T
h?are—ful-—ly on tip — toe steal — ing, Breath—ing gent — ly as we may,

Tenors & basses (other parts omitted)

Chopin: Etude, Op. 25, No. 1

Allegro

xostenuto/// \

A Uk W - x . x x -

P e e e =
P

I T . T oTr T T

by 5 S======= - e e =t
£ @ %

Figure 6.1 Examples of complements involving simultaneity, contiguity,
isolation, and the interposition of other material.



Bach: Mass in B minor (BWYV 232); Symbolum Nicenum, No. 3
(Andante)

Soprano I

Alto

Figure 6.2 Single elements perceived as complements.

Beethoven: Piano Sonata, Op. 31, No. 3

(Allegro)

e

e e

f‘?ﬁﬁ"#'%’t'-m'; — A=
e E—

r

T r 4 v 4 & i

J @ C . %/

Figure 6.3 Single elements featuring in two complements.

Morley: Ballett, My Bonny Lass (1598)

)
\( T
YV N hd g |
s s | ™ | 'ﬂ' ;l
AT | 1 1 1 1 | W |
- | x [ A I I
My bon-ny lass she | smil — eth, When she my heart be — guil — eth.
t i t t t t Kk
————4 ]
e —e = = —

e il
—ro| | TR _ QF"

L\

Figure 6.4 Two complements contained within another.
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strongly isolated from ... adjacent events, or if it for some reason functions
motivically all by itself. (Lerdahl and Jackendoff, 1983, p. 43)

See, for instance, figure 6.2. At the other extreme, a complement may
comprise a complete cycle of pieces. One element may feature in a plurality
of complements, which may therefore overlap or ‘intersect’. See figure 6.3.
Equally, one complement may be contained within another—as, for example,
in figure 6.4.

The individual perspective strands that make up a complement may each
be termed an association,? and the combined contribution of pitch and the
temporal perspects, a configuration.® Both are defined in diagrams with an
encircling line. See, for instance, figures 6.5 and 6.6.

Schubert: Die Schine Miillerin, Op. 25; I, Das Wandern

Singstimme 5 (Missig geschwind.)

A -

117 | | N IAY ]

1 ————t—1 1 > —1—

V4 11 1 ) 1

’ — 7
Das Wan-dern ist des Miil —lers Lust, das Wan — dern,

(piano part
omitted)

has the following pitch association:

and the following association of durations:

[ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁbﬁﬁﬁ

Figure 6.5 Associations of pitch and duration.

2Related terms: ‘associative’, ‘intrasociative’, ‘intersociative’, etc.
3Related terms: ‘configurative’, ‘intrafigurative’, ‘interfigurative’, ezc.
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In abstract terms, an association may be represented as follows:

Perspective
Value

Perceived
Time

Figure 6.6 Representation of an abstract association.

Discrete units in one perspective domain may be combined with continuous

change in another. For example:

Mabhler: Kindertotenlieder (1901-1904); 1. Nun will die Sonn’ so hell

aufgeh’n!
17
Hom1in. [ ===

D)
(other parts
omitted) @)

(Langsam und schwermiitig; nicht schleppend.)
Figure 6.7 The combination of discrete and continuous perspective change.

Here, loudness forms a continuum,* which may be defined as a period of
indivisible perspective constancy or change. Hence there is no necessary
distinction between a continuum and a variable protraction; both function in
the same way as far as the present theory of musical order is concerned. The
choice of label on a given occasion is purely a matter of analytical propriety.

4Related terms: ‘continuous’, ‘intracontinuous’, ‘intercontinuous’, etc.
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The perspects of complements, configurations,
associations and continua

Certain perspects pertain to complements, configurations, associations
and continua as a whole: prefix, suffix and duration, for example.’ Other
attributes include the number of elements or protractions featured, and the
range over which they operate. For instance:

Perspective
Value
\\"umber =10
range
Perceived
Time
prefix duration suffix

Figure 6.8 Perspects of an association.

5Where it is necessary to avoid ambiguity, these and subsequent perspects may be
prefaced with the term ‘complement’, ‘configuration’, ‘association’ or ‘continuum’
(abbreviated to ‘Cm’, ‘Cf’, ‘A’ and ‘Ct’ respectively in the depiction of relationships).
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The frequency of occurrence of values within an association may be
considered as a perspect. The ‘weighted scale’ used by ethnomusicologists,
in which the number of appearances of a pitch is represented by a duration
(as in Malm, 1977, p. 6), is an extension of this principle.

Different appearances of the perspects described here may be linked
through interperspective relationships. See, for instance, figures 6.9 and
6.10. Such relationships may be zygonic if ordering through imitation is
reckoned to be present. See figures 6.11 and 6.12.

Purcell: Dido and £Eneas (1689); Act III, No. 37

(Larghetto)
1P P [

Figure 6.9 Relationship of complement prefix.

Beethoven: Violin Concerto, Op. 61; 1st Movement

v
A4 10 17 82 — 510 535
[ I8
&
hi]

o u” Y
v L ~
Orchestral selective

Violins Ppitch association go
(showing extremes ~ -
only) —
selective
f=a) 0y . .
Solo s pitch association
Violin + (excluding cadenza)
s d
Ad 89 111 204 — 470
% ol | I I I
i1 1 I 1 1
il 1 1 I 1
Ilel 1 1 1 1
A~ proy ~

Figure 6.10 Relationship of pitch range.
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158 The cognition of order in music

Beethoven, Piano Sonata, Op. 49, No.2; 2nd Movement

Tempo Sy
di Menuetto '?7‘“' £ . //:\\ //\\

[TIT]

* . =
Figure 6.12 ._‘/- ZR/ /_ Zm\\
Canon of number.
N |

ad
+1 +1 2
3 +1
0 /o
" -—f#@m
*.| 1| [ | 17 o o
e e R
L\ 1

Implied perspects; sequence

Each appearance of a perspect within a complement, configuration or
association, whether as a single value or as a protraction, has qualities that
reflect its standing relative to the other elements or protractions. Such
attributes are said to be implied. For example, the number which each
perspective appearance may be ascribed indicating its position relative to
the other members of the association, is a type of implied perspect (see
figure 6.13). There is no ambiguity as to the comparative position of values
and constants. In the case of variables, however, the situation is considerably
more complex. It can be difficult to assign a relative standing even to
protractions displaying uniform change, as will become apparent.

The ordinal numbers pertaining to the fixes of elements register the
sequence in which they occur. Although, generally speaking

music-syntactical systems create references for only order of initiation and
sonority content at any given time (Boretz, 1970, p. 105)

(a division corresponding to the distinction between ‘melody’ and ‘harmony’),
since the fixes of elements form variables, types of overlapping may result
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Perspective
Value

A

__ Perceived
Time

Figure 6.13 Ordinal numbers indicating the relative standing of perspective
appearances within an association.

that muddy the issues of precedence and succession. Work in the field of
multiple serialism has sought to define the position more precisely. Babbitt
(1962, pp. 52 and 53), for example, identifies eleven discrete states in which
one duration can exist in temporal relation to another. In this, however, he
fails to differentiate between elements that succeed each other directly
(without a perceived break in sound) and those that partially coincide. This
omission is made good by Boretz (ibid.), who catalogues the full thirteen
arrangements that are possible. These are illustrated in figure 6.14 with
suggested designations.

Isolation is the state in which one element ends before another begins.
With contiguity, elements follow each other directly, with neither cessation
of perceived sound nor overlapping. Imbrication exists where one element
overlaps another.® The situation in which one element surrounds another is
termed enclosure. Two elements that begin together but end at different
times are sequentially related through prefixture. Conversely, with suffixal,
elements are initiated separately, but terminate at the same time. These
states are reversible, yielding two potential modes of existence in each case.
The perceived temporal symmetry of simultaneity, however (which is only
available only to elements of identical duration) leaves sequence unaffected
by the exchange of values.

6Rahn (1983, p. 59) includes a state termed ‘tangential’ between contiguity and
imbrication. This is merely the shortest form of imbrication, however.
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Chords

Groups of simultaneous elements are said to form chords.” These are a
type of complement. A fundamental property of chords is the number of
elements they comprise, a perspect sometimes referred to as density in the
music-theoretical literature (see, for example, Yeston, 1976, p. 47). Berry
(1976/1987, p. 184) concurs with this definition, but believes that density
should also be used to mean

the degree of “compression” of events within a given intervallic space.

In traditional parlance, chordal pitch density is known as ‘spacing’, which
may be ‘open’ or ‘close’.

Within chords, protractions other than those of fix may be assigned ordinal
numbers according to their relative values. As Boretz (1970, p. 83) states:

the components of a “single attack” might be regarded as an ordered
succession in some other dimension than time, and hence as a “musical
structure”. Such order relations might be determined by registral, dynamic,
or timbral characteristics.

Pitch is the perspect most commonly ascribed an ordinal number. See, for
example, figure 6.15.

Perspects like these require that the elements comprising chords be heard
separately, even if the results are subsequently integrated at a higher cognitive
level. This approach does not reflect the way that chords tend to be heard,
though: typically, their constituent elements are perceptually fused. The
critical issue seems to be

whether and how two events may be superimposed and retain their identities
intact, or whether and under what conditions they form a new whole which is
perceived as an integrated event. (Serafine, 1983, p. 170)

However, there is no hard-and-fast rule for determining whether a chord
will be experienced as one thing or more than one; so much depends on its

7In fact, musicians often use the term just to refer to an assemblage of simultaneous
pitches. Hence the same ‘chord’ (vertical group of pitches) may be played a second time
shorter or louder than the first, or with a different timbre.
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Rimsky-Korsakov: Christmas Eve (1894-1895); Scene 6, Prelude

(Andante)
o
1.2.3. Pult lo —1
. 328 2 2
Violini IT =
divisi
p
/——\
g’ﬂ /_\\"_V
t —
Viole F 2
divisi
p
—
71 AN
R Y
91)
Violincelli p
divisi
10T .. . 4
4
p
Contrabassi LD L4

M 2O
~—

A~y
v
p
(wind parts omitted)

Figure 6.15 The ascription of ordinal numbers to the pitches in a chord.

musical context (see, for example, Bregman and Pinker, 1978); on the
manner of performance, since, as Rasch (1978) has shown,

if enough temporal differentiation is present in the stimulus ... [the] primary
characteristics of the notes [pitch, loudness and timbre] are rather well
preserved in perception (p. 33);

and on the disposition of the listener, whose concentration may even vacillate
between the two modes of perception. All that one can say for sure is that
certain combinations of elements, in particular conditions, are more inclined
to merge than others.
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If such a conflation does occur, the perceived properties of a chord differ
from those that would otherwise have existed. For instance, the perception
of two or more separate values of loudness is supplanted by one general
effect which may be termed (in full) chordal loudness. Similarly, the place
of individual timbres is taken by one chordal timbre. In fact, as Erickson
(1975, p. 20) shows, there is no necessary distinction between a pitch with
timbre and a chord, for by listening attentively, it is possible to hear any of
the lower harmonics that may be present in a single sound. Conversely, it is
conceivable, through the ascription of appropriate pitches and dynamic
levels, for separate tones to coalesce into one note rich in harmonics
(op. cit., pp. 31-33).

The effects of the pitches in a chord may combine, giving the impression
of harmony. This may be perceived absolutely or in relative terms. Although
the term ‘harmony’ tends to be associated only with a limited group of
chords (a few well-worn diatonic and chromatic combinations), this restriction
does not apply in the present work. Here, ‘harmony’ refers to the integrated
pitch effect obtaining to any set of simultaneous perceived sounds.

An interperspective relationship may link two appearances of any of
these perspects. Such a relationship may be zygonic, and result in a canon.
For example:

Ives: First Sonata (1902-1909); 5th Movement

(penultimate bar) /\
A by

.
r

s

h 7

P
r' o

(con furore)

Chordal

i loudness
1

Figure 6.16 Canon of chordal loudness.
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Constant associations i;
primary intrasociative constant systems

This section and those that follow examine the groups of interprotractive
relationships that potentially exist within and between associations. First
we investigate associations whose members—whether single values,
constants or variables—are all the same. Each may be termed a constant
association. Observe that the uniformity of such associations, unlike that of
constant protractions, does not necessarily exist as a function of time:
chords, for example, can form constant associations of timbre.

Where it is perceived that members of a constant assocation owe their
similarity to imitation, the operation of a primary intrasociative zygonic
constant system is implied, which may comprise zygons, zygonic constants
or zygonic invariants. A primary intrasociative zygonic constant system of
- zygons may be symbolised as follows (cf. figures 9.32 and 9.85):

Perspective D
Value Z

1

Perceived
Time

Figure 6.17 Primary intrasociative zygonic constant system of zygons.

Symbolising primary intrasociative zygonic constant systems of zygonic
constants is rather more complicated, however. Full representation requires
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two arrowheads, the first showing that it is interprotractive zygonic constants
that are involved, and the second indicating that together they comprise an
intrasociative zygonic constant system.

this arrowhead refers to the fact that

Perspective .. . .
it is zygonic constants that are being related

Value

this arrowhead is
indicative of an
intrasociative constant
system

Perceived Time

Figure 6.18 Primary intrasociative zygonic constant system
of zygonic constants.

However, the arrowhead that indicates the presence of interprotractive
zygonic constants may be omitted, provided that ambiguity does not arise:

X

Perspective Z )
Value

Perceived Time

Figure 6.19 Simplified depiction of constant system of zygonic constants
(cf. figure 10.122).
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Illustrating primary intrasociative constant systems of zygonic invariants
is potentially a complex matter too, and here perceptual processes will be
modelled using a system of substitution, whereby a defined network of
relationships can be represented by a single strand, characterised by a
chosen letter. For example, if the primary interprotractive zygonic invariant
in figure 6.20 is depicted as in figure 6.21, then a primary intrasociative
constant system of zygonic invariants can be shown as in figure 6.22.

Perspective
Value

Figure 6.20 Primary interprotractive zygonic invariant.

Perspective X
Value /‘ N \

Perceived
Time

Perceived
Time

Figure 6.21 Simplified depiction of primary interprotractive zygonic invariant.
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168 The cognition of order in music

An imperfect constant association has members which differ slightly
from one another. See, for example, figure 6.23. An imperfect constant
association may be perceived to be ordered through the agency of a primary
intrasociative imperfect zygonic constant system (figure 6.24).

Perspective
Value

Perceived Time

Figure 6.23 Imperfect constant association.

Perspective
Value

* the range of variation
could be specified

Z ] if so desired
%

Perceived Time

Figure 6.24 Primary intrasociative imperfect zygonic system
(cf. figures 8.40 and 9.22).
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In these examples it is assumed that the first member of each association
acts as the model that is subsequently imitated. However, this need not be
the case: any member of an association, irrespective of its relative perceived
temporal location, may be felt to have the structural ascendancy necessary
to be perceived as the source of zygonic ordering. For example:

Perspective X
Value
Z;

X
: s
—X Zx
Ly 1 Perceived
Time

Figure 6.25 Primary zygonic constant system of mixed polarity.

Zygonic constants such as this may be symbolised thus (cf. figure 8.41):

Perspective Z1
Value

r Al

Perceived
Time

Figure 6.26 Symbolism of primary zygonic constant of mixed polarity.
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Constant associations ii: intersociative constants;
secondary constant systems linking intersociative constants;
secondary constants relating intrasociative constant systems

Each member of one constant association may potentially be linked to

each member of a second by the same primary interprotractive relationship:

Perspective
Value

Perceived
Time

Figure 6.27 The network of relationships linking two constant associations.

This network may be termed a primary intersociative constant, whose
symbolism reflects the nature of its component relationships (figure 6.28).
Primary intersociative constants may be imperfect; see, for example,
figure 6.29. Internal ordering through imitation may be deemed to occur
through secondary zygonic constant systems. For example, figure 6.30 shows
a secondary zygonic constant system operating mutually, between the
durations of the elements that make up two chords (cf. figure 9.49).



6 Associations, and their ordering 171

Perspective
Value

St

Perceived
Time

Figure 6.28 Primary intersociative constant of interprotractive constants.

Perspective
Value

* the range of
variation could be
specified if so desired

*s
£

4.1.,
\_/ \/X

Perceived
Time

—

Figure 6.29 Primary intersociative imperfect constant.
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Perspective

Value / \

— X
=1 d
—£
_ ‘ N J
o/
Perceived
Time

—

Figure 6.30 Secondary zygonic constant system governing
primary intersociative constants.

One constant association may be perceived as existing in imitation of
another the same, implying the operation of a primary intersociative zygonic
constant. See, for instance, figure 6.31.

A primary zygonic constant may be imperfect if the constant associations
it links differ slightly in a consistent way. In these circumstances, its
component relationships will share the same imperfection, together
constituting an imperfect primary zygonic constant (see figure 6.32).

If two constant associations both approximate to the same value, then the
individual interprotractive relationships between them will differ in their
imperfection, forming a primary imperfect zygonic constant (cf. p. 130)—
see figure 6.33.



“($S°0T PUE £€°8 ‘91"g SPINSY JO) JULISUOD SIUOTAZ SANEIOOSISNUL Arewilld [€°9 dIn31y

auuLy,
PIAIIAG

Sl

S

X

anfeA
aanoadsiog




“(y¢°8 2m31y "30) JueIsuod o1uoFAz saneossur Areurd oopedwy 79 9anSiy

auuLy,
PaAIIIAG

pa.1sap os fi parf1oads
2q pnoa uonoafiadus
Jo 22432p ay1

*

an[eAp
aandadsiag




*(6'8 2181y "J0) 1ueISU0D J1u0JAZ 10ay1odw SANEIO0SIUI Arewlld €9 dan31g

auuy,

d

PAAIIING

M/

1
pa415ap os fi paifidads N
2q pmod uondafiadui X

Jo 22.432p a1 4 anfep
aAnadsIdg




*(§¢°8 2SIy “30) JULISUOD OTUOFAZ SAIRIOOSISIUT ATEPUOIDS H¢°9 2anS1

sy,

]

PaAIRdIdg

anfeAp
aAnadsIdg




“(8L°6 M3y 'J0) JUEISUOD O1U0SAZ ATenIo], §¢'9 an3Ly

suny,

@J\Vf\@f\Mﬁ

anfeA
aAnoadsiag




"(2¢'8 pue G1°g sangyy o) s1ueIsuoo daneroosenur Arewnd Sunyul] JueIsuod d1uosAz Arepuooss 9¢9 aanSiy

auuy,
PIAIIIdG

JupLIDAUL J1UOSK2
2a11904304d423u1 Lavwirad
v 01 jua[anba st

1

—N

N
N X

D

an[ep
aandadsiag




6 Associations, and their ordering 179

Intersociative constants of higher ranks are feasible. These may be
zygonic. Hence, two primary constants may be related through a secondary
constant or a secondary zygonic constant, such as that illustrated in figure
6.34. A tertiary zygonic constant is shown in figure 6.35.

It may be felt that the uniformity of one constant association derives from
the uniformity of a second. This interpretation implies a network of
secondary zygonic relationships potentially ordering the members of one
primary intrasociative constant system through the imitation of those
pertaining to another. See, for example, figure 6.36.

Variable associations i:
intrasociative invariant systems and constant systems

A group of perspective values, constants or variables which differ from
one another quantitatively form a variable association. This section and
the one that follows investigate the patterns of interprotractive relationships
through which, according to the present theory, the perception of variable
associations occurs.

We begin by examining variable associations whose members, considered
sequentially, are separated by a common difference. See, for example,
figure 6.37. This chain of relationships may be symbolised as shown in
figure 6.38. Ordering through imitation may occur through the operation of
a secondary zygosequential zygonic constant system,which controls a
sequentially ordered primary invariant system (see figure 6.39). This may
be symbolised in the following way—see figure 6.40 (cf. figures 10.26 and
10.49).

Invariant systems may comprise relationships equal in magnitude but of
opposing polarities. See, for instance, figure 6.41. Systems of mixed
polarity such as this may symbolised using the method shown in figure 6.42
(cf. figure 10.51). Where invariant systems exist between simultaneous
protractions, sequentiality can be gauged with respect to the perspect of the
interprotractive relationships concerned. To make it clear that sequence is
not being judged in perceived temporal terms, the initial letter or letters of
the perspect involved may be shown in brackets following the ‘s’ or ‘z’
sequence signs. See, for example, figure 6.43 (cf. figure 10.107).
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Perspective
Value

Perceived
Time

Figure 6.41 Invariant system comprising relationships of opposing polarities.

Figure 6.42 Proposed

p . < symbolism of primary
elégle::lve x invariant system of mixed

zl/_\ polarity.
2 X
“J}.

Perceived Time

S
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Perspective / ™
Value

>

—
+

(x),

> —
HH

3
x"‘b

g
HKE[ —~

H

X
X)
2

7

Perceived
Time

Figure 6.43 Secondary zygosequential intrasociative zygonic constant system,;
sequential with respect to X.
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Primary invariant systems and the zygonic constant systems that order
them may be imperfect. For example:

Perspective

Value . 7

*
>
2

* the degree of
imperfection could be
specified if so desired

Perceived
Time

Figure 6.44 Imperfect secondary zygonic constant system
(cf. figure 10.51).
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Sequential control may feature in higher ranks of invariant system too.
For example, a secondary zygosequential tertiary zygonic constant system
may control a sequentially ordered secondary invariant system (see figure
6.45). The invariant system may be symbolised as shown in figure 6.46.
Here, the expression ‘n’ is used as a non-specific indication of sequential
location. The matrices (n n+1)and (n+1 n+2) indicate that the two primary
relationships, which are themselves successive, in each case link successive
protractions.

The examples that have been presented in this section are based on the
assumption that the first member of an association acts as the model from
which subsequent components are derived. This need not be the case,
however, implying the operation of primary invariants and secondary
constants of mixed temporal polarity. These may be illustrated using the
system of ‘dot’ notation shown in figure 6.47.

To conclude this section, consider the possibility of a primary zygonic
invariant system—see figure 6.48—through which each member of an
association (following the first) is felt to exist in approximate imitation of its
immediate predecessor.

Variable associations ii:
primary intersociative invariants;
secondary constants, invariants and constant systems;
tertiary constants

This section analyses the groups of interprotractive relationships that
may exist between variable associations. We commence by considering two
variable associations so disposed that each member of the first can be
related to a member of the second via the same zygosequential primary
interprotractive relationship (see figure 6.49). This network may be termed
a primary zygosequential intersociative invariant, and symbolised as
shown in figure 6.50. A primary zygosequential intersociative zygonic
invariant may exist between identical associations, where one is thought to
imitate the other (see figure 6.51). A retrograde primary intersociative
invariant is a further possibility. See figure 6.52.
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194 The cognition of order in music

Invariants may be function imperfectly through slight differences in their
component relationships: see, for example, figure 6.53. Itis also conceivable
that the constituent strands of zygonic invariants may each feature the same
degree of imperfection; see figure 6.54. The two types of imperfection may
appear in combination, symbolised through the use of a split arrowhead,
half filled and half open—figure 6.55.

Zygosequential primary invariants may be related through secondary
zygosequential zygonic constants; see figure 6.56. If the constituent
interprotractive relationships that make up a primary intersociative invariant
are deemed to be ordered through internal imitation, then the presence of a
secondary zygosequential zygonic constant system is implied (figure 6.57).

The relationships that make up an invariant may each express the same
sequential difference. This procedure depends on ordinal numbers of fix
being treated like the figures on a clock face, whereby the highest number in
the sequence succeeds the lowest without a break. See figure 6.58. Such a
network may be symbolised as in figure 6.59.

A primary zygosequential secondary zygonic invariant registers the
similarity between the internal interprotractive relationships pertaining to
two associations, and attributes the existence of one group to the imitation
of the other—figure 6.60. The fact that the intrasociative relationships
concerned can be of any sequential disposition is shown by the (n n+y)
brackets. By extension, a primary zygosequential inverse secondary
zygonic invariant is a possibility (figure 6.61), and a primary retrograde
secondary zygonic invariant is feasible too; see figure 6.62. Here, ‘@i’ is
taken to be the retrograde equivalent of ‘n’. Hence if ‘n’ refers to the second
protraction from the beginning of an association, for example, then ‘fi’ will
denote the second from the end. Here, the primary relationships pertaining
to one association are reversed with respect to those of the other—a
consequence of all intrasociative links being regressed with regard to
sequential location. Retrogression and inversion may function together.
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6 Associations, and their ordering 205

Two associations may be structured through the agency of similar
sequentially ordered primary invariant systems. Listeners may perceive

them to be related through a secondary zygosequential secondary zygonic
constant. For example:

Perspective

Value /

x% —
| —
I Xl =
—_— 3
Bl —
HAH

_/

Perceived
| Time

—

Figure 6.63 Secondary zygosequential zygonic constant linking
primary invariant systems (cf. figure 10.11).

One association may feature a pattern of regular change that differs
consistently with that of another. The perceived connection between two
such variables may take the form of a secondary zygosequential constant;
see figure 6.64. One constant of this type may be deemed to exist in
imitation of another through the operation of a tertiary zygosequential
zygonic constant. See, for instance, figure 6.65.

A variable association may be organised on the basis of a sequentially
ordered secondary intrasociative invariant system in assumed imitation of
another through the agency of a secondary zygosequential tertiary
zygonic constant (figure 6.66).

Finally, consistent change in one association may imitate that found in
another through a tertiary zygosequential zygonic constant system—sece
figure 6.67.
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210 The cognition of order in music

Organic structures: complements, configurations
and associations of higher orders

Since one complement may be contained within another (pp. 152 and
153), ‘complements of complements’ are possible, and ‘complements of
complements of complements’, et cetera, in a manner that is finally limited
only by the boundaries of compositions. The same principle applies to
configurations. Structures such as these, in which parts are systematically
coordinated to produce integrated wholes, may be termed organic. Within
an organic structure, the smallest components that are under consideration
at any given time are deemed to be of order i, followed by order ii , order
iii, and so on. For example:

Tallis: Tallis’s Ordinal (1567)

\
Come Ho-ly|Ghost, e - ter - nal God, \ which dost from God pro — ceed;\

L)

T Nelll
e

t._.

the Fa-ther first and eke the Son, one God as we do read.

”FTTrflrlrlrlrlE ===

2 |

Figure 6.68 Configurations of orders i, ii, iii and iv.

Designations such as these are liable to vary according to the analytical
needs of the occasion. For instance, the disposition of the configurations
that make up Tallis’ Ordinal may be reinterpreted as follows:
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Tallis: Tallis’s Ordinal (1567)

Figure 6.69 Reinterpretation of the configurative structure of Tallis’ Ordinal.

Organic structures can be identified within the domains of individual
perspects too, and so the terminology proposed here can also be applied to
perspective associations. See, for instance, figure 6.70.

On p. 164, it was noted that primary intrasociative zygonic constant
systems (order i) can consist of zygons, zygonic constants or zygonic
invariants. This principle may be extended to include associations of higher
orders. For example, a

‘primary intrasociative zygonic constant system order ii

of

primary intersociative zygonic constants order i

of

primary interprotractive zygonic constants’

is conceivable. To represent this concept in full would require the sign for a
zygonic relationship bearing three arrowheads, the first showing that it is
interprotractive zygonic constants that are being related, the second indicating
that these are combined to form intersociative zygonic constants order i, and
the third revealing that these in turn constitute a second-order primary
intrasociative zygonic constant system (figure 6.71).
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214 The cognition of order in music

However, in the interests of clarity, relationships such as this may be
described solely in terms of the function they fulfil in relation to the highest
order association present. Hence, in most circumstances, the compound
pictured in figure 6.71 may be referred to simply as a ‘primary zygonic
constant system order ii’, represented with a symbol using just one arrowhead.
If necessary, the designation ‘order ii’ can be shown as a subscript to the left
of the letter indicating the type of relationship (see figure 6.72).

Relationships between associations of order ii or above may well differ
from the interperspective connections of which they are made up. For
instance, an intersociative constant order ii may comprise first-order
invariants. This may be shown through a system of substitution. Consider,
for example, the

‘sequentially ordered primary intrasociative invariant system, order ii

of

zygosequential primary intersociative invariants, order i’

shown in figure 6.73. Here, the invariants order i are represented by an ‘X’.
Some types of interperspective relationship can exist only between
associations of order ii and above. See figure 6.74, where ‘association
number’ is controlled through a primary zygonic constant system order ii.
Relationships may be of ‘mixed order’, a characteristic which can be
shown using a appropriate matrix—see figure 6.75. Similarly, protractions
and associations may be related directly to one another. For example:

Perspective

X

Za

Perceived Time

Figure 6.76 Zygonic constant linking protraction and association
(cf. figure 9.81).
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224 The cognition of order in music

The addition, omission and alteration of material;
compound intersociative relationships

The relationship between one association and another may be partially
ordered and partially free if either contains some material for which no
correspondence can be found in the other. There are principally three ways
in which this can occur (cf. Repp, 1996): through

(i) the addition of material (see figure 6.76),
(ii) the omission of material (see figure 6.77), and
(iii) the alteration of material (see figure 6.78).

The addition or omission of perceived sonic material from associations
may be orderly with respect to sequence. See, for example, figure 6.79.

The relationship between one association and another may be wholly
orderly, but in different ways. For instance, an intersociative link may
involve repetition, retrogression and inversion (figure 6.80). Many other
forms of compound intersociative relationship are, of course, possible.

Canonic organisation and Gestalt grouping principles

This chapter has examined ways in which groups of perceived sounds
may be ordered through repetition. Here, we consider the connection
between canonic organisation and the principles of Gestalt perception.

The ‘chunking’ of information (Miller, 1956) is a general feature of
music cognition (see, for example, Harwood, 1976, p. 531; Deutsch, 1980,
p. 381; Lerdahl and Jackendoff, 1983, p. 13; Serafine, 1983, p. 171; Sloboda,
1985, pp. 154ff). As Cooper and Meyer (1960, p. 2) put it:

just as letters are combined into words, words into sentences, sentences into
paragraphs, and so on, so in music individual tones are grouped into motives,
motives into phrases, phrases into periods, etc.

Here, the term holon will be used in referring to refer to any complement,
configuration or association that is felt to form a discrete event—a more or
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less separable perceptual entity—in its own right (see Meyer, 1973, p. 13).8
Since elements and protractions constitute individual perceived sonic items
too, they can also be regarded as holons, and many of the comments that
follow applicable to them.

It has been shown that much of the perceived grouping of sounds can be
explained in terms of Gestalt organisation, through features such as
‘proximity’, ‘similarity’, ‘good continuation’ and ‘common fate’ (see, for
instance, Vernon, 1934; Deutsch, 1982, pp. 100 and 101; West, Howell and
Cross, 1985, pp. 47 and 48). It can be argued that percepts such as these are
underpinned by the cognitive acknowledgement of repetition, albeit at a
subconscious level. Consider, for example, that to belong to a group
members must share a characteristic that is not possessed by non-members—
hence the implication of repetition. Group membership may be defined
internally or externally (respectively through intrasociative and intersociative
relationships). We being by examining internal grouping.

This may occur if a number of elements are identical in at least one
perspective domain, the common value or values they possess being the
shared feature that is needed to form a group. The presence of a primary
intrasociative constant system (see pp. 164ff) is therefore implied. A holon
may be determined less precisely if a restricted range of values is permitted,
suggesting the operation of an imperfect intrasociative constant system.
Non-membership is defined by a marked departure from this close alignment.
Perceived sonic events may also form a group if adjacent values are related
in the same way, implying the presence of a sequentially ordered primary
intrasociative invariant system (see pp. 179ff). Grouping may occur too on
the basis of consecutive secondary relationships being identical, that is,
through a sequentially ordered secondary invariant system (see p. 183ff).

The boundaries of holons exist in essentially two dimensions: perceived
time, and a perspective domain other than that of fix. With regard to the
perceived temporal dimension, grouping through a constant system of fix
forms a chord. See, for example, figure 6.81.

80bserve that while phrases, periods, sentences and sections form holons, motives
need not. For example, ‘an ascending fourth’ constitutes a motive which is not necessarily
holistic. The term ‘figure’ can be used to mean a motivic holon (cf. Chambers 20th Century
Dictionary (1983) definition: “a group of notes felt as a unit”). .
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A 38
Babbitt: H_;
Three Compositions for Piano (1947); % 4’\

I 49 —

mf N
Figure 6.81 Grouping through
a constant system of fix; a chord.
J=126

An invariant system produces a coherently spaced succession of perceived
sonic events.” For example:

MW(1<765K7

scherzando /— 3
. '- . s £ o
1
|

e ?—

T — -

;/;_/ L_)L—_/

P etresiéger

5 >
¢

Piano

e_EP_‘%
o

<«
= 3
Debussy:
Figure 6.82 Grouping through Deux Arabe.ls'lq ues (1888);

invariant systems of prefix.

9At the level of elements, such a succession results in their characteristic continuity of
perceived sound, whose cessation produces a group boundary. For example:

Machaut (c.1300—c.1377): % % %
Le Lay de Confort ( 7 ( 7 <‘ 7

T AN |
b A1
L4 1

1

* plus the smallest ] —
discriminable perceived %ﬁ ! 1 ]
temporal increment %/

Figure 6.83 Grouping by proximity at the level of elements.
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In Gestalt terms, groups such as these accord with the concept of proximity
(see, for example, Lerdahl and Jackendoff, 1983, p. 45). Groups of non-
temporal perspective appearances governed by a constant system (perfect or
imperfect) follow the same Gestalt principle.!® For instance:

Oboe 1
(other parts omltted) (Zw
=112 ;\
Stravinsky: Pulcinella Suite h h 'IP
(1920, rev. 1949); A4 )
III a) Scherzino ﬁd *

S

Figure 6.84 Grouping through a constant system of pitch.

An invariant system produces the effect of grouping by good continuation
(cf. Deutsch and Feroe, 1981, p. 516). For example:

Var. 1. % %
Canon in der 0ctave -m/M2 -m/M2

H L

Manual ﬁ—:f—‘—diﬁ T
\;)yo /i | B

o d
e
3
I

Manual II [/

)

N &
Bach: Five Canonic Variations -m/M2
on Von Himmel Hoch, BWYV 769 §Pl
+
1

Figure 6.85 Invariant systems of pitch—grouping by good continuation.

I~ele

10At least in the case of metathetic perspects, such as pitch, illustrated in figure 6.84.
For prothetic perspects, however, such as loudness, ‘similarity’ may provide a more apt
description of the attribute by which perspective apperances may be grouped.
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Externally, grouping may be indicated if a number of perspective

appearances share a common relationship or relationships with others
elsewhere. For example:

z
-

(n n+y) ! (n n+y)
]:pF '_PL :[pF
1 1
(string parts / ‘\7 / Zl \ / \7
omitted) . ~N ~
=== ——
CL ®) - ——a
. N—— o N——
p— —_— T
Fag. -
P a2
rp
Arpa. f J _l
= = = >
G

O\ J

Janacek: Lachian Dances (1889); 1, Staroddvny (1.)

Figure 6.86 Grouping induced through the operation of parallel intersociative
zygonic invariants of prefix, duration, pitch and loudness.!!

Ordering of this type produces the Gestalt effect of organisation through
a common fate (West, Howell and Cross, 1985, p. 48).

11Coordinated ordering such as this is given detailed consideration in chapter 11.
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It is not necessary for an entire group to be repeated for boundaries to be
established. For instance, a complement may end quite unambiguously
through the principle of proximity (with the termination of an invariant
system of fix), and the way in which it concludes in a given perceived non-
temporal perspective realm may be adopted by subsequent configurations,
whose fixes alone offer no indication of group structure. The classic example
of this technique is use of the cadence,

a culturally established way of indicating the closure of a group. (West,
Howell and Cross, ibid.)
Conclusion

The relationships presented in this chapter pertaining to constant
associations may be classified as follows (cf. figure 5.96):

constant
associations

primary

i iati primary
m?zaysgg:,?g)ve intersociative
constant (zygonic)

systems constants

secondary secondary

s(;cor;(lil?g (zygonic) intersociative
co);gs o constant (zygonic)
systems constants

tertiary
intersociative
(zygonic)
constants

Figure 6.87 Relationships of lower rank
pertaining to constant associations.
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The relationships pertaining to variable associations that have been described
are shown in figure 6.88.

Finally, it is appropriate at his stage to set out the divisions of perceived
sound that have been proposed to date:

‘horizontal’ component

smallest normal
imaginable unit group

instant
1] perceived
3 sound moment element complement
& complete
§ pitch
© and the configuration
-”3 temporal perspects
-2 .
kN individual . ) association
L particle protraction |---------
- perspects continuum

Figure 6.89 Proposed divisions of perceived sound.

With the conclusion of this chapter, the ‘theoretical’ section of the book
is complete. The chapters that follow investigate how the theory that has
been postulated applies to music in practical terms.



The order pertaining to composing,
performing and listening

Introduction

This chapter equates the model of perceived sonic ordering presented in
chapters 4-6 with the three fundamental stages in the process of musical
communication: composing, performing and listening.

The order pertaining to composition

Various non-canonic influences constrains composer in the creative act.
Among these, perceptual thresholds are fundamental: there would be no
musical virtue in decreeing a level of loudness too quiet to be heard, for
example, or in prescribing two separate pitches that were so similar as to be
indistinguishable. Then, with the feasibility of performance in mind,
composers must take due account of the availability of instruments, players
and singers, whose technical limitations have to be respected as well (see,
for example, Carter, 1960, pp. 196ff). Moreover, it may be necessary to
comply with the demands of a commission, or at least to conform to certain
societal expectations;! consider, for instance, Shostakovich’s fifth symphony
(1937), which its composer dubbed a:

Un fact, just as all artists, whatever their fields of endeavour, are products of society, so
ultimately are the works they produce: the influence of a culture on pieces written within
it is fundamental (see, for example, Lomax, 1968, pp. 6ff).

232
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“creative reply to just criticism”. (Schwarz, 1972, p. 130)

Factors such as these, which considerably curtail the freedom of composers
while lying, for the most part, beyond their control, inevitably restrict the
ordering that they may choose to impose.2

Composers may opt to order some aspects of their music through extra-
musical canons (see Kivy, 1984). The most straightforward of these entail
the imitation of perceived sounds from outside music, with varying degrees
of approximation. Examples in the Western literature range from the
mimicry of bird-song, such as that found in the opening of the second
movement of Beethoven’s Pastoral Symphony, Op. 68, to Mossolov’s
evocation of The Iron Foundry (1928). At aless immediate level, the structure
of external objects and events may be represented musically. Instances of
this technique range from Handel’s use of fugal imitation in Part I of Israel
in Egypt (1739), which illustrates Moses leading his followers, to Smetana’s
depiction of the river Vitava, as it flows from its source to Prague (Md Vlast,
II, 1874). As Cage has shown, it is even possible for music to reflect an
apparent lack of order. In Music of Changes (1951), for example, the note-
to-note procedures and to an extent the structure were determined by tossing
coins (Cage, 1952/1961, pp. 57ff). Finally, it is worth remembering that
Western composers have long adapted abstract notions from other systems
of thought (Kirchmeyer, 1962/1968). The cantus firmus of Josquin’s Missa
Hercules Dux Ferrariae (printed 1505), for instance, is derived from the
vowels of its dedicatee’s title, suitably transformed by using the solmisation
syllables of the Guidonian hexachord (Reese, 1954, p. 236). Later examples
in similar vein include the theme of Schumann’s ‘Abegg’ Variations, Op. 1,
and the numerous settings of the word ‘Bach’, including the one by Johann
Sebastian himself in bars 235-237 of Contrapunctus XIX (BWYV 1080)—see
figure 7.1.

We now consider the place of canonic control in the process of
composition. It seems inconceivable that, when devising a new piece, a
composer would not bring his or her knowledge of other music to bear and,
whether consciously or otherwise, model aspects of the latest work on those
of compositions already in existence. This implies the operation of various
types of proactive zygonic relationship between pieces, which may be

2Cohen (1962, p. 141), while recognising the power of restrictions of this type, makes
the point that the composer is nevertheless presented with “a plethora of musical materials”

999

from which to select and “to impose some sort of ‘order’”.
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Z (Letters Letter-Names of Pitches)
S TN
TN
B m . e hende £
3rd part [ = - ;

(others omitted)

Bach: The Art of Fugue (BWYV 1080); Contrapunctus XIX

Figure 7.1 Pitches derived from the letters ‘B—a—c~h’.

referred to as interoperative.® Such relationships are used in a variety of
ways.

Apart from arrangements and adaptations, it rarely happens that a composer
imitates a feature that was previously unique to one other work (or that is
found, perhaps, in just two or three more), although examples do exist, such
as the direct quotation of a theme (see figure 11.85). This implies the
proactive utilisation of a single interoperative zygonic relationship.

eature unique to}
iece at time
of composition

imitation of
previously
nique feature

‘ ’
/ *Note the symbolism of . /
./ ‘non-specific’ zygonic relationship |

. / \ S

Perceived Time

Figure 7.2 Imitation of a feature, previously unique to one piece, in another.

3Le., an adjectival form of ‘inter’ (between) + ‘opera’ (works). The term ‘operative’ is
used to refer to relationships pertaining to works in general.
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Usually, the ideas that are borrowed lack the individuality of complete
melodies: unobtrusively they find a place in many pieces, forming part of
the vocabulary of a particular style. Every culture, it seems, subscribes to
interoperative organisation of this type; indeed, the musical fragments that
are used, and their manner of application, often become fixed in theoretical
codes of practice. Consider, for example, the ‘gusheh-ha’ of classical Iranian
music, which are used as models for improvised composition, providing the

modal and rhythmic features of the melody, its shape, and other features of
mood and character that may be the sum of the above plus other, indefinable
ingredients, such as extramusical associations. (Zonis, 1973, p. 46)

A composer may derive material like this through any of the numerous
interoperative zygonic relationships potentially stemming from pieces in
the appropriate style, or even hailing directly from an abstract model, such
as the Iranian ‘melody-type’ described above (see Apel, 1969, p. 519)—a
concept that was, after all, originally drawn from compositional convention.
It follows that a constant system of proactive interoperative zygonic
relationships may converge in the creation of a single musical component.
This is shown in the following diagram, which traces the hypothetical
transfer of a musical feature between five pieces. It is in the fifth of these
that the chief convergence of zygonic relationships occurs (see figure 7.3).

By considering even smaller musical fragments, we move from complete
stylistic archetypes (see, for example, Cumming, 1985, pp. 9 and 10) to
single interperspective values (for instance, intervals of pitch) and even
protractions. Here, attributes are encountered such as the perceived
intraprotractive constancy or regularity of loudness, timbre and pitch (see,
for example, pp. 281ff, 298ff and 451ff), whose utilisation is so pervasive
that it transcends most cultural boundaries.

Organisation occurring within pieces may be termed intraoperative. The
present theory suggests that composers structure material intraoperatively
by deriving perspective or interperspective values through the imitation of a
value or values previously selected. The number of possible orderly
continuations grows rapidly with respect to the number of values taken as
starting points. For example, starting from a single value, a perfect primary
zygonic relationship provides one way forward, while imperfect primaries
suggest many others, with varying degrees of control; see figure 7.4. (Here,
values are limited to those outlined by the chromatic scale.)
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Figure 7.4 Zygonic projections from a single value of pitch.
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Figure 7.6 (part i) The thirteen orderly continuations from three starting values
of pitch yielded by primary and secondary perfect zygonic relationships.
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With two values, both primary and secondary zygonic relationships
potentially offer routes to an organised future. Even if perfect relationships
only are considered, and given the constraint that at least one of the original
notes must be involved in the projection (rather than just the interval), four
alternatives are still to be found; figure 7.5. (Observe that certain values
may be derived in two different ways.) Three starting values have thirteen
orderly continuations (cf. Ockelford, 1993, pp. 423 and 424); see figure 7.6.

Clearly, with the virtually limitless array of orderly options that just a few
values offer, the use of zygonic relationships acting individually, even in
substantial numbers, would in no way guarantee the production of a coherent
musical structure. For this to be achieved, the relationships used must
themselves be disposed in an orderly fashion. Intraholistically (that is to say,
within a holon), such control may be gained by employing a series of similar
relationships, implying the operation of constant or invariant systems. The
other alternative, to place similar relationships in parallel, produces inter-
holistic constants or invariants. These two effects may be equated with
Meyer’s notions of ‘process’ and ‘form’ (1973, pp. 97ff)—though see
pp. 657ff. The ways in which intraholistic and interholistic groups of
relationships have manifested themselves musically is examined, perspect
by perspect, in the chapters that follow.

As composers’ sketchbooks and revisions indicate, various potential
solutions may be tried out before a final selection is made. Equally,
different developments of the same material may result in separate works:
consider, for example, compositions based on a cantus firmus such as the In
Nomine, which was favoured by English instrumental composers of the
sixteenth and seventeenth centuries. It is even possible for much of the
intraoperative organisation to be determined by the performer, and therefore
to vary from one occasion to another.

In one sense, the task of the composer can be regarded as having to
balance the forces of interoperative and intraoperative organisation.* Clearly,
for a piece to stand as an entity in its own right it must be unique, yet this
does not preclude any of the ideas or techniques that it may contain being
derived, perhaps several times over, from other works; it is the way they are
assembled that accounts for the originality of the whole. The manner in
which internal and external ordering are counterpoised differs in detail from

4These may be equated respectively with stylistic analysis and critical analysis (see
Meyer, op. cit., pp. 6ff); cf. also Sharpe (1993).
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one composition to another, and is also subject to general historical and
cultural variation (see, for example, Sachs, 1956, p. 18, for a comparison of
Eastern and Western approaches). A level of borrowing that may incur a
charge of plagiarism in one stylistic milieu may be found quite acceptable,
even the norm, in another. Contrast, for example, the appropriations of
Handel (see Taylor, 1906) with the pbsition of Busoni (1911/1962, p. 88):

The function of the creative artist consists in making laws, not in following
laws ready made. He who follows such laws, ceases to be a creator.

This view notwithstanding, the need for composers to express themselves
within established patterns appears to be incontrovertible and universal.
Ackerman, for instance, in his theory of style (1962), observes that

the artist cannot invent without reproducing; in order to make a meaningful
innovation he must be able to concentrate his forces upon the few aspects of
his work where circumstances favor fresh departures; for the rest, he relies
on the support of his tradition and of his environment. An artist cannot
invent himself out of his time and, if he could, he would succeed only in
making his work incomprehensible by abandoning the framework in which
it might be understood. (p. 228)

In conclusion, we consider why composers choose the forms of order
they do, given the vast number of organisational options open to them. Why
is one zygonic relationship selected in preference to another? Indeed, why,
ultimately, are zygonic relationships chosen at all?® The answer must surely
lie in the fact that canonic structures not only enable intelligible perceived
sonic messages to be conveyed, but that such ordering is itself a facet of
musical communication. As Selincourt (1920/1958, p. 156) puts it:

in pure music, the meaning and the beauty are indistinguishable, and its
greater like its lesser repetitions have no other aim than the development and
creation of that meaning and that beauty. Repeatability is thus in music an
element of the beautiful.®

50bserve that the value of repetition is culturally determined (Meyer, 1967, p. 52).

6Moreover, in likening the growth of a musical composition to that of a flowering
plant, of which he says (op. cit., p. 155) “its repetitions are not redundancies; they are the
means by which the fullness and soaring intensity of its life are exhibited”, Selincourt
unwittingly warns against the incautious application of information theory to music (see
Cohen, 1962; Moles, 1958/1966; Beardsley, 1968; Arnheim, 1971, pp. 17ff). See also
Kivy, 1993, pp. 352 and 353.
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The order pertaining to performance

All performance is ordered to a greater or lesser extent by the wishes of
composers. Circumstances other than the improvisation of a new piece
demand that the directions for performance be conveyed to the performer.
This may be achieved aurally, if a composer’s execution of his or her work
is heard and remembered by a player or singer, who subsequently reproduces
it. The perceived sounds that constitute the new rendition, therefore, are
ordered through the imitation of those that make up the old, implying the
existence of interterpretive’ zygonic relationships between the two realis-
ations of the piece. However, by using notation, composers can intimate
their requirements to other people without a note having to be played.® This
implies an extended zygonic equation, through which perceived sounds
(which may be purely in the mind of the composer) are echoed by the
performer through the intermedium of a mutually agreed symbolic language.

perceived sounds
selected by
the composer

perceived sounds
are notated

Figure 7.7 Extended zygonic equation linking
composer and performer through the
intermedium of notation.

Perceived Time

performer
decodes notation

original selection
of perceived sounds
is reproduced

7The word ‘interterpretive’ is derived from ‘inter’ + ‘interpretive’; i.e., ‘between
interpretations’. The family of relationships that pertain to performances as a whole may
be termed ‘interpretive’ (cf. Meyer’s use of the term, 1956, p. 173).

8The use, or non-use, of notation has various implications for musical order, since
without it, performers must rely entirely on memory. It seems inevitable, therefore, that
pieces intended to be learnt by ear should favour certain simpler types of perceived sonic
organisation that lend themselves more readily to speedy learning and easy recall, while
other more intricate structures are for the most part viable only with a system of symbols
to assist in the process of memorisation (see Sloboda, 1985, pp. 242ff).
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However a composer’s wishes are communicated, performers’ reception
of them will inevitably be less than perfect. For example, orally transmitted
pieces such as folksongs are subject to what Abrahams and Foss (1968, pp.
13ff) term ‘degenerative’ change, caused by mishearing and forgetting.
Similarly, notation was originally conceived as nothing more than an aide-
mémoire (Temperley, 1966, p. 323), and, despite efforts to make it more
definitive, the blight of imprecision remains (see, for instance, Turner, 1938,
p. 308; Moles, 1958/1966, p. 137; Martino, 1966): indeed, expressive
deviations from a score are not only expected but required if the full com-
municative potential of the perceived sounds it prescribes is to be realised
(Meyer, 1956, pp. 199ff). This means that renditions of a piece by a second
party will have attributes that were not stipulated by the composer, but
determined by the performer, who acts in part, therefore, as a composer too.

The balance between compositional control and the freedom enjoyed by
performers varies from one style to another. In the Western classical
tradition, for example, with occasional exceptions (such as the realisation of
figured bass in some Baroque music), their liberty has been comparatively
restricted: most executants of a Beethoven piano sonata, say, would take the
underlying framework of pitch and rhythm to be a non-negotiable commodity,
while treating tempo, rubato, phrasing, dynamic contrast and so on rather
more flexibly.® The second half of the 20th century, however, saw radical
developments in composition which is indeterminate in performance (see
Cage, 1958/1961b, pp. 35ff), exemplified in works ranging from Boulez’s
third piano sonata (1957), through which the performer may select different
‘routes’, to Cage’s Renga (1976) for orchestra, which uses graphic notation,
and to Stockhausen’s Aus den Sieben Tagen (1968), which consists merely
of fifteen texts. Here, stipulations of a purely musical nature are minimal.'°
Consider, for example, Goldstaub (‘Gold Dust’), in which a small ensemble
of players is instructed to live completely alone for four days without food
in complete silence, without much movement, sleeping as little as necessary
and thinking as little as possible. Then, late at night, without conversation
beforehand, they are enjoined to play single sounds. WITHOUT THINKING
what they are playing they are told to close their eyes and just listen.

9Note, however, that in a coherent performance, expressive deviations of timing ezc.,
derive from the artist’s understanding—whether intuitive or calculated—of the structure
of the piece (see, for instance, Clarke, 1988, pp. 11ff). See also Repp (1996), who reveals
pianists’ (largely inconspicuous) divergencies from given scores.

10Though the extramusical demands may prove too exacting for many players!
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Freedom on this scale shifts much of the creative burden onto the players,
and in effect, the roles of composer and performer are merged. There is, of
course, ample precedent for this dual function both in Western culture (such
as jazz) and in others. The players and singers of Indian music, for instance,
are not typically presented with a completed composition, but with a scheme
to guide them in their individual creations. A performer is expected to

reach the stage where he can play each raga in a new way every time without
losing its characteristics, which are his guides. (Malm, 1977, p. 103)

Having examined how the single performance of a work relates to the
composer’s intentions, we now consider the bearing that different per-
formances have upon one another. Just as composers do not work in a
cultural vacuum, neither do performers. As Harwood (1976, p. 529) says:

a musical performance relates to prior performances. That is, performers
and listeners have expectations ... based on experience with other
performances—other hearings in other contexts. New musical behavior
always borrows from what has come before, since prior experience is a
highly salient body of knowledge for environmental and social adaptation.

Certainly, an audience is likely to experience some distress if they find
the execution of a familiar piece too revolutionary.!! Consider, for example,
Sams’s (1981) criticism of Elly Ameling’s rendition of Schumann’s Lieder-
Album fiir die Jugend, Op. 79 (on Philips 6769 037):

Worst of all is the crass gimmickry of having the singer perform duets and
trios with her own voice by some tiresome trick of superimposition. The
resulting constraint and lack of contrast strike me as an imposition, and
anything but super. Can Miss Ameling possibly believe that this three-Elly
and two-Elly effect is really and truly what the composer intended?

The consistency that is expected to exist between interpretations of a
piece means that performers must imitate the manner in which the free
aspects of a composition have previously been realised, implying the
operation of direct interterpretive zygonic relationships—see figure 7.8.12

11Cf. Repp (1997, p. 439) whose “findings lend support to the idea that an average
music performance represents a prototype and an aesthetic ideal, at least in the sense that
it is most similar, on average, to individual aesthetic ideals.”

12Qbserve that such relationships may function through notation: consider, for instance,
all except the Urtext editions of a piece.
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Figure 7.8 Interterpretive zygonic relationships between diffeent
performances of a piece.

However, as well as the need for players and singers to render pieces in
accordance with established practices, change is also a necessity:'*!* too
derivative a performance is likely to be censured just as much as one that
exceeds the interpretive norms. Consider, for example, the following
comments by Keyte (1986):

A double album from the Hilliard Ensemble (Reflexe 27 0096 3) is devoted
to the music of ... Byrd ... . As an admirer of this group I must confess to a
certain disappointment. The singing is polished and assured as ever, but all
three Masses are given conventional interpretations ... .

Various reasons have been posited to explain this desire for innovation.
For example, Meyer (1967, p. 51) notes that:

13Recording (as on tape or disc, for example) merely makes further hearings of the

same interpretation possible. Physical ordering is involved here.
14Even the manner in which composers interpret their own works may well differ from

one occasion to another (Busoni, 1911/1962, p. 85).
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the mature artist—perhaps even more than the less experienced one—tends
to vary his performance of familiar works. He does so partly because he is
seeking the “ideal” performance of his imagination, which can never be
realized because as his experience grows and changes, so does his imagined
ideal. Partly, however, interpretations are changed because the performer
delights in the challenge of creating—of making something new and fresh,
not alone for the sake of the audience, but for himself. He reinterprets a
work not because he could not play it as before but because through his
discovery of new possibilities and implications in it, the work becomes
revitalized for him.

See also Serafine (1983, p. 24) and Clarke (1985, p. 210). Copland is of
the opinion that the preponderance of old music on concert programmes

overemphasizes the interpreter’s role, for only through seeking out new
“readings” is it possible to repeat the same works year after year. (1952,
p- 17)

In summary: it is appropriate to think of a work not as a single immutable
entity, but as a set of different performances—discrete reflections of the
same essential image.

Figure 7.9
Representation of a
piece as a set of
possible
interpretations.

It is fair to assume that the disparity between individual realisations will
correspond to the degree of freedom at the performer’s disposal: the more
latitude granted by the composer, the wider the variation between renditions
can be, and vice versa. It should be recognised that in certain freely structured
pieces (such as Stockhausen’s Goldstaub mentioned above), itis conceivable
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that the difference between separate performances may be greater than that
between two nominally distinct pieces. And in Plus-Minus, of 1963,

in which the essential processes are expressed symbolically, allowing an
interpreter to decide, within limits, what musical form the piece may take
(Maconie, 1976, p. 177),

Stockhausen himself resorts to labels such as the ‘Cardew-Rzewski version’,
to make it clear which rendition he is referring to (see Maconie, op. cit., p.
181). In circumstances such as these, it is not easy to distinguish between
interoperative and interterpretive relationships.

The presence of intraterpretive zygonic relationships should also be
acknowledged. These are implicative connections within an interpretation
which are determined by the performer. Take, for example, Gould’s idio-
syncratic execution (on CBS 77225) of the opening motive of Bach’s
prelude in C major from the first book of the Well-Tempered Clavier (1722),
which is imitated in many of its subsequent appearances.

Bach: Prelude in C Major, ZArticulation

BWYV 846 -
J=ca4 KT

b
TN ey A= A= A=y A
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7 4 J Zh Z J Z}/\
S 7 ' —_

Figure 7.10 Intraterpretive zZygonic constant system order ii of articulation.'®

Finally, mention should be made of interteroperative' relationships,
which exist between interpretations of different pieces. An example of an
interteroperative zygonic relationship is found in Czerny’s edition of the
Well-Tempered Clavier, in which the bass line is sometimes reinforced at the
lower octave in the culmination of fugues. See, for instance, figure 7.11."

15See p. 380.

16That is, ‘interterpretive’ + ‘interoperative’.

17Note the assumption underlying the direction of the interteroperative zygon that
Czerny arranged the fugues following the order of their appearance in the ‘48°.
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The order pertaining to listening

For a transfer of musical information to occur it follows that the perceived
sonic organisation founded by the composer and realised by the performer
must be apprehended (if only subconsciously) by the listener. In terms of
the present theory, this means that whoever attends intelligently to music
must be recreating, in his or her own mind, the zygonic relationships that
were devised by another person. Yet is it reasonable to assume that the order
conceived at the compositional stage will be the same as that which listeners
eventually perceive?

Consider, for example, that the physical conditions for the reception of a
performance will almost certainly be unique for every listener. The members
of an audience, for instance, occupy different positions relative to the sound
source, leading to a corresponding variation in the values of plot that are
perceived. Loudness and timbre are also affected since the intensity and
spectral composition of sound are dependent on the distance it has to travel
(see, for example, Plomp and Steeneken, 1973).

Using this information, the model presented in figure 7.9 (which viewed
a work not as a single, invariable entity, but as a set of possible interpretations),
can be extended by considering each performance itself to constitute a set of
different hearings.

/ yl PP
P Yo\
Figure 7.12 Y 77 A \\ ~.
Representation of .{’ 7 ST N
a set of different :_"/Zf'/ \““
hearings of a ‘ol \-:
performance of a N N ,I,'/"
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The relationships that exist within one hearing of a work may be termed
intraauditive, and those between the different hearings of a single
interpretation, interauditive (figure 7.13).
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given interpretation of a work
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distinct auditive features \ /

Figure 7.13 Intraauditive and interauditive relationships.

These are not the only possibilities: relationships can also be considered
to exist between the hearings of different performances of the same work.
These may be termed interterauditive (a portmanteau-word, into which
‘interterpretive’ and ‘interauditive’ are compressed). See figure 7.14. Further
relationships link hearings of different pieces. These may be termed
interaudoperative (formed by telescoping ‘interauditive’ and ‘inter-
operative’)—figure 7.15.

Listeners have a certain control over the form in which a piece of music
reaches them (effectively giving them a limited say in the processes of
composition and performance). Traditionally, the degree of freedom granted
to the members of an audience has been minimal, amounting to little more
than the liberty to sit where they choose in a concert hall, for example, or to
adjust the volume or tone controls on their radios, CD players et cetera,
thereby allowing them a restricted influence on plot, loudness and timbre.!?

17Though some composers have allowed their listeners a far greater say in what goes
on. Consider, for example, Cage’s Les chants de Maldoror pulverisés par I’assistance
méme (1971), for a French-speaking audience of not more than 200. (See also Cage, 1973,
foreword; 1974/1980, p. 181).



7 The order pertaining to composing, performing and listening 253

/f:l} — Figure 7.14 Interterauditive
VA S-LIN relationship.
// ~ \\
f- Sy =L 7/ \\
1 N
i
"
i
|‘ (I'/
\
\ R
‘\\ g ’,\ ~ \\
Dt D
== —

a hearing of a given
performance of a piece

a hearing of another
performance of the same piece

Figure 7.15 Interaudoperative
relationship.

a hearing of a given
performance of piece (i)

a hearing of a given \\\ y
A . \
performance of piece (ii) w



254 The cognition of order in music

The fact that listeners can modify what they hear means that, potentially,
they are able to order perspective values by causing them to imitate others.
Take the concert-goer, for example, who consistently opts for a particular
seat in the auditorium, or the ‘hi-fi’ buff whose equipment is habitually
adjusted to produce a ‘bright’ sound (through the enhancement of higher
frequencies). On such occasions it is possible to consider auditive
relationships, within or between hearings, to function zygonically.

So much for the physical reasons why the order contrived by composers
is likely to differ from that apprehended by listeners. There are other,
cognitive, factors that need to be taken into account too. For instance, there
is the fundamental issue of whether all the organisation laid down at the
compositional stage is actually picked up by the majority of listeners: whereas
composers may become deeply involved in the creation of a new work
(possibly pondering its intricacies for substantial periods of time, and
perhaps using notation to help them think their ideas through), the approach
adopted by many members of an audience is likely to be a good deal less
rigorous than this. They may attend only a few performances of a piece—
even just one—thereby confronting it for a relatively brief period; they will
probably not have the advantage of a score to follow, which would have
enabled the eye to subsidise the income of the ear; and, above all, listeners
may well lack the motivation to concern themselves with every twist and
turn of a composition’s perceived sonic organisation. How many people do
we honestly imagine bring anything more than a small proportion of their
full attention to bear on a long and complex piece of abstract music?
Listeners may well pay scant attention to certain features, while focusing on
others attentively; and, for sure, they forget a good deal of what is heard.
Indeed, there may be periods when members of an audience are not
concentrating on the music at all. Hence, it seems reasonable to assume that
most listeners will have rather less knowledge of the structure of a piece
than its composer has, or had. Finally, one could argue that some of the
order employed in composition was never really intended to form an essential
part of the musical message, but was used merely as an aid to the creative
process: certainly, one wonders whether many serially constructed pieces
should not be viewed in this light. Consider, for example, Boulez’s Le
Marteau sans Maitre (1954), whose organisation, according to Lerdahl
(1988), is quite impenetrable, even after many hearings by competent
listeners. As he observes:



7 The order pertaining to composing, performing and listening 255

There is a huge gap here between compositional system and cognized result.
(p. 231)

In the light of these observations, it would seem advisable for music
theorists and analysts to state at the outset whose point of view their work is
intended to reflect. Are they, for example, seeking to identify the organisation
they imagine to have been conceived by the composer in creating a piece?
Or are they thinking in terms of the order that expert listeners may perceive
after several hearings? It is regrettable that the position of those who are
rather less musically proficient or experienced is hardly ever taken into
consideration, despite the fact that the great majority of people fall into this
category.!® The analysis of serial music is particularly prone to bury its head
in the sands of compositional and pre-compositional structures rather than
worry about the organisation that most people actually hear. Not, however,
that such tendencies are unique to workers in the field of serialism: as Cook
(1987) has shown, while theorists as diverse as

Schenker ([1935/]1979), Meyer (1973), and Lerdahl and Jackendoff (1983)
all explain the aesthetic effect of music in terms of hierarchical relationships
between ... large-scale tonal structure and the local events of a given
composition (p. 198),

in fact, most listeners’ sense of tonality does not extend over the necessary
periods of time, and he argues that

the theory of tonal music is more usefully regarded as a means of
understanding ... [compositional] organization than as a means of making
empirically verifiable predictions regarding the effects of music upon listeners
(p. 197).1°

Although music may be regarded as self-sufficient, since it does not need
the assistance of other media to get its message across, a considerable
contribution to the listening process is almost invariably made by ‘extra-
operative’ information (that is, data not vested in the fabric of works
themselves). At the most basic level, for example, the members of a

180n the whole, music psychologists seem to be rather more eclectic in their choice of
subjects, and their research often distinguishes (somewhat arbitarily perhaps) between
‘expert’ and ‘non-expert’ listeners, or ‘musicians’ and ‘non-musicians’; see, for example,
Deli¢ge, Mélen, Stammers and Cross (1996).

19See also Cook (1994, pp. 70-76).
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prospective audience would normally arrive armed with at least some
knowledge of what they were about to hear: people do not generally buy a
blank ticket to a concert (programme undetermined), but to a performance
of particular pieces, whose titles alone usually convey something of their
musical substance. Moreover, in some cultures, elaborate programme notes
form an accepted—even expected—part of the paraphernalia associated
with the presentation of music (see Simonton, 1995). Failing any of this,
even the simple act of sitting in a concert hall, seeing those who are about to
play or sing while listening, perhaps, to the ambient chat, yields an abundance
of clues as to what is to come.

Whilst extraoperative information is liable to affect listeners’ perception
of intraoperative organisation,? its presence is essential for those adopting
an analytical approach to appreciate the zygonic status of interoperative
relationships. In order to understand how the material of a work was
derived, they must be conversant with the pieces—including the chronology
of their composition—that at the time formed the composer’s stylistic
milieu. This may be informed by a knowledge of any self-confessed
creative influences on the composer.?! In the absence of such data, what is
thought to be a unique feature of a composition may in reality have been
derived from another.? Similarly, in hearing two comparable passages from
different works, without the necessary extramusical information, how are
listeners to know which exists in imitation of the other, whether they both
share a common origin, or even if their resemblance is simply the result of
chance? By the same token, those with only a limited knowledge of the
stylistic environment in which a composer was working may attribute the
genesis of a musical component to the imitation of one like it in a single
other piece, when in fact it constituted nothing more than a stylistic archetype.

Moreover, just by listening, how is one to know where composition
ceases and interpretation takes over? Observing the discrepancies between
separate renditions would indicate which aspects were definitely performer-
based, but this would not enable a distinction to be drawn between those

20See, for example, Frances (1958/1988, pp. 182-190), who found that people’s ability
to recognise themes and their variants differed according to the level of verbal information
given prior to hearing a piece.

21 Not, of course, that we should necessarily take composers at their word (see p. 272).

22Cf. Tovey (1936, p. 179) who, having noted how Mendelssohn’s violin concerto,
op. 64, was a source of inspiration for many later composers, observes: “Yet I rather envy
the enjoyment of any one who should hear the Mendelssohn concerto for the first time and
find that, like Hamlet, it was full of quotations.”
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interpretive characteristics that were common to all the performances. The
zygonic status of interterpretive and interteroperative relationships themselves
can also be determined only through extramusical information. Otherwise
listeners may be unaware, for example, that two recordings were being
replayed in the reverse order to that in which they were performed, effectively
inverting the polarity of the interterpretive or interaudoperative connections
that may be perceived between them. Similarly, just by listening, it would
impossible to know whether zygonic relationships between different
performances were direct or indirect. The latter may occur interterpretively
if two realisations of a piece were each thought to derive qualities from a
previous rendition.

Extramusical information is also necessary for the recognition of non-
canonic ordering forces. For instance, a passage that may seem to have
been shaped purely by intraoperative forces may in fact have been limited
by aspects of instrumental technique. Consider, for example, the possible
misapprehensions of someone hearing Ravel’s piano concerto for left hand
alone (1931) in ignorance of the particular circumstances of its composition.

As regards the discernment of extramusical canons, it goes without
saying that intelligence beyond that immediately contained in the notes is
required. For instance, unless he or she had heard a nightingale, a quail and
a cuckoo, what would a listener make of the following passage?

(Andante molto mosso)
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Beethoven: Symphony No. 6, Op. 68; 2nd Movement

Figure 7.16 A passage whose appreciation requires extramusical knowledge.

Finally, although canonic ordering is to varying degrees self-evident, its
cognition can greatly be affected by extraoperative knowledge. For example,
Schoenberg’s comments (1947/1975, pp. 405 and 406) concerning a thematic
relationship between the first and the last movements of Brahms’s 4th
symphony (1885) have affected my understanding of the work.
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We now consider the situation of someone hearing a work for the first
time. Since listening to music demands the apprehension of relationships
between perceived sonic items that are separated in time, it is essential that
these are memorable (see Sloboda, 1985, pp. 174ff). Canonic organisation
assists in the necessary learning process because the information contained
by musical components evincing a regularity of design can be stored
parsimoniously (cf. Simon and Sumner, 1968; Restle, 1970; Deutsch, 1980;
Deutsch and Feroe, 1981), and since the repetition of such items further
enhances their memorisation.?

As well as remembering what has gone before, listeners anticipate what
is to come: at any point before the end of most pieces, the music suggests
continuation of a more or less definite nature (see Meyer, for example,
1956, p. 35). This implies that future perceived sounds can be predicted on
the basis of those past. Such prognostication occurs, albeit subconsciously,
through the active projection of interperspective relationships into the future.
Naturally, whatever listeners anticipate may, but need not, in fact occur, and
reactive relationships can retrospectively equate what was forecast with
what actually happened (cf. Meyer, 1973, p. 111). Prediction can be founded
either on a knowledge of other pieces, and so function interoperatively, or
derive intraoperatively, from the work in question. The former eventuality
is considered first.

Upon hearing a piece, especially for the first time, comparisons with
other music seem inevitable. These may but need not be guided through
extraoperative information: for example, if a hitherto unkown work is
labelled ‘symphony’, then similarly entitled compositions with which the
listener is already familiar are sure to spring to mind, eliciting preconceptions
as to the nature of the new piece. Irrespective of the existence of data of this
type, all intramusical interoperative prediction occurs in essentially the
same way. A value or values in the present work may trigger memories of a
corresponding value or values previously heard in another piece or pieces,
and through these the listener is led to expect the same sequel as occurred
earlier. See, for example, figure 7.17. (Note that the relationships recorded
here need not be the same as those used by Beethoven in creating the fragment
shown—cf. figure 11.84.)

23The importance of repetition for the process of memorisation is widely recognised.
See, for example, Rufer, 1952/1954, pp. 25 and 26; Schoenberg, (c.1930)/1975, p. 103;
Dowling and Harwood, 1986, p. 164.
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Previous appearances of a value or values may have had various sequels,
any of which can be used by the listener as the basis for prediction. The
likelihood with which it is felt that a given continuation will occur is partly
determined by the number of previous occasions on which it has been heard.
The higher this is, the greater a listener’s habituation to that sucession of
perceived sounds, and the more certain its future occurrence seems to be
(see Meyer, 1956, pp. 54ff). Stylistically generated expectations of this sort
are dependent not only upon which works a listener knows, but also on how
often each is heard (cf. Moles, 1958/1966, pp. 27ff): clearly, the patterns of
perspective and interperspective values that make up a relatively familiar
piece must bear comparatively more weight than those in one with which
the listener is scarcely acquainted. As LaRue (1970, p. 199) observes:

The more popular works of any period ... tend to become the pillars of
convention in their time.?*

The process of predicting what will occur in a piece on the basis of what
happens in others has much in common with that aspect of composing that
uses interoperative relationships. Generally speaking, the more values in a
given series that the listener has heard, the more definite its association with
a smaller number of other groups, yielding fewer likely continuations, and
ultimately a surer future.” Hence, with only one mid-range constant of
pitch, for instance, to go on, there will be a great many potential interoperative
connections.? Between them these will suggest so many possible outcomes
that interoperative anticipation would be purposeful. However, with five
successive constants, for example (as in figure 7.17), predicting the sixth is
likely to be considerably easier.

We now consider how listeners can anticipate the future course of an
unknown piece of music by using intraoperative relationships. Again,
extraoperative information may be important in giving advance warning of

24See also Bukofzer (1947, p. 337), who notes that although the Messiah of 1741 “has
become the archetype of the Handelian oratorio by virtue of its tremendous popularity, it
is actually a highly individual work standing outside of the general trend of Handel’s
oratorio composition.”

25This principle does not apply universally, since at certain points in a series of values
more transitions may have been used than at others, irrespective of how far through the
sequence one has moved.

26This is not the case with all perspects, however. With timbre, for instance, there is a
fair chance that one constant will be followed by another the same, and with plot the odds
of this occurring are even higher.
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what interperspective connections listeners can look forward to. Consider,
for example, the following excerpt from the programme notes that were
written for a performance by Rachmaninov of Chopin’s scherzo in ¢ minor,
op. 39:%

... it consists of two strongly contrasted sections, the first, presto con fuoco,
being impetuous and of extraordinary power, the second, meno mosso, in D
flat, taking the form of a chorale whose phrases alternate with delicate,
filigree-like arpeggio passages. After a return to the first section the chorale
is resumed, and a modulation of great beauty ... leads to a brilliant coda.

There are two fundamentally different ways in which intraoperative
prediction can take place. The first of these, occurring interholistically,
closely resembles the process of interoperative anticipation described above,
through which listeners expect a sequence of values once initiated to
continue in the same way as a similar series did previously (cf. Bharucha,
1987). Here, it is as though a group of values has an external tendency to
emulate others. The second form of intraoperative prognostication is
intraholistic, occurring within a formation of values. Here, it is as though a
group has an internal tendency to propagate itself, a phenomenon which is
now examined.

A listener can predict the continuation of a pattern by projecting a
zygonic relationship or relationships from the material presented.”® These
may be primary or, with some perspects, of higher ranks too.? See, for
example, figure 7.18. Here, the relationships through which projection
occurs are shown with a dashed line. A single series of values may be
indicative of a one outcome or more than one, any or none of which may
subsequently be realised.

Intraholistic and interholistic prediction—whether intraoperative or
interoperative—may operate in conjunction. Consider, for example, Meyer’s
general rule for proximate realisations (1973, p. 130):

27(Evans, 1938) for a Nottingham Charity Subscription Concert, March 21st.

28Cf. the concept of ‘implicative’ relationships proposed by Meyer (1973) and further
developed by Narmour (1977).

29The use of primary and secondary relationships in this way may be compared
respectively with the two forms of anticipation identified by Cohen (1962, p. 158):
“Predictions may be direct: e.g., if the past sequence is simply A, the only possible prediction
for the next event on the basis of experience is A. Or predictions may be analogical: e.g.,
from the sequence of ABCDEF the most plausible prediction is G.”
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Chopin: Etude Op. 10, No. 2
Allegro
1
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Figure 7.18 Intraholistic projection through secondary zygonic relationships.

sempre legato

Once established, a patterning tends to be continued until a point of relative
tonal-rhythmic stability is reached.*

Here, intraholistic projection suggests the immediate course that a series of
pitches will take, while their point of termination can be anticipated
interholistically (for previous experience of comparable passages is needed
to assess just what constitutes tonal-rhythmic repose).

‘We now consider some of the cognitive processes involved in listening to
pieces for a second time. As previously observed, it seems entirely natural
for listeners to relate their current aural input to previous musical experiences,
the most potent of which may well be the first impression of the work in
question—subject to the fidelity with which it can be recalled. Between this
and the new hearing, a chain of interauditive or interterauditive relationships
potentially exists (depending on whether the listener is faced with an exact
repeat of the earlier performance, or a new rendition). Such relationships
are capable of functioning reactively or proactively, thereby serving
respectively either to reinforce memory or to fuel anticipation. Which of
them are realised depends partly on the roving focus of the listener’s
concentration, although external factors are important too: unless, for

30Cf. Serafine (1983, p. 172): “patterns give rise to two forms of expectation:
continuation (of the pattern or sequence at hand) and cessation (since ultimately all
patterns cease).”
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example, the title of the piece is known in advance, interauditive or
interterauditive links can be instigated immediately only by chance, and
various tentative interoperative connections may be fielded before the true
identity of the work is finally established.

Whatever the initial circumstances, interaudoperative relationships may
well continue to function side by side with interauditive or interterauditive
connections throughout this second hearing: an awareness of the piece
based on past experience does not prevent comparisons with others. Indeed,
it may be surmised that it is the presence of these interoperative bonds that
to an extent enables music, in any hearing after the first, to retain that part of
its aesthetic appeal which relies on differing sequels to a given set of values
each being felt to have a different probability of occurrence. An ‘irregular’
termination to an harmonic progression may engender a feeling of surprise
for a second time (and on subsequent occasions), since listeners compare it
not only with its parallel appearance in an earlier hearing of the work in
question, but with the many comparable ‘regular’ resolutions from other
pieces t00.3132 Such issues are central to Meyer’s theories of emotion and
meaning in music (see, for example, Meyer, 1956; 1967, pp. 42ff).

Generally speaking, listening to further performances enables listeners to
build up an ever more complete and accurate impression of the work,
against which each new hearing is compared before its image gradually
merges with that of the others, although distinctions may remain, perhaps
between classic performances by famous artists. As Serafine (1983, p. 156)
says:

At best, the central artwork/object is an idealized, hypothetical piece—the
area of overlap among all the individual performances and conceptions of

31Cf. Gerhard (1958, p. 51): “One is reminded of that personage in Peacock describing
the surprise-effect of a certain perspective in landscape-gardening; what becomes of the
surpriss—he was asked—when you walk past the same place for the second time?”
Surely, we still do feel amazement, because of our greater experience with more conven-
tional layouts? See also Bharucha (1987, p. 4): “The possibility of conflict between
schematic and veridical expectancies permits an enduring interest in a piece of music with
which one is familiar.” Schmuckler (1989, p. 144) writes: “One way of characterising this
effect is that expectancies are formed along the basis of ingrained general stylistic
regularities (such as tonal structure, melodic process and common harmonic progressions)
which operate impervious to one’s experience of a particular piece. Working atop this
general frame is specific knowledge, which selectively affects some expectancies,
particularly at highly unstable ponits, where unusual events occur.” Cf. also Narmour
(1990, p. 40).

32For a rather different view, see Zuckerlandl, 1956, pp. 232 and 233.
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the work. This artwork is not a fixed, eternal object, but an abstract and fluid
one ...

.. we all come to the artwork expecting that repeated hearings will be
slightly different, believing that the performer’s rendition always diverges
from the composer’s intention, and knowing that, as listeners, we vary
enormously in what we hear.

Becoming more and more familiar with a piece is likely to affect the
cognition of its intraoperative relationships, which in turn will alter listeners’
understanding of its internal organisation. For example, being aware of a
particular motivic development requires first that the original figure be
recognised, isolated and committed to memory, and second that the
similarities with its transformation be apprehended; complex intellectual
operations that may take several hearings to accomplish. This assertion is
borne out by the results of Pollard-Gott’s (1983) experiment, in which

Listeners’ changing conceptions of a composition were investigated through
repeated presentation and multidimensional scaling of short passages drawn
from the composition. (p. 92)

Her results showed that the

relationships that listeners perceived among passages corresponded with
higher order thematic structure after repeated exposure, but not after a single
exposure to the music. (ibid.)

Finally, we should note the effect of repetition on listeners’ response to a
piece. One theory (summarised in Hargreaves, 1986, pp. 110ff; Smith and
Cuddy, 1986, pp. 17 and 18), states that people’s enjoyment of music is
linked to its subjective complexity. From this, the hypothesis is derived that
favourability and familiarity are linked by an inverted U-shaped curve,
which, roughly speaking, means that the pleasure that is experienced in
listening to a work could be expected to grow as listeners became better
acquainted with it, and then to fall back again as boredom figured more and
more in the equation. As long ago as 1933, Verveer, Barry and Bousefield
had reached just this conclusion, with the proviso that an

intervening time interval ... tends to enhance the pleasantness of subsequent
repetitions. (p. 134)
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Conclusion

In this chapter a number of different classes of relationship have been
identified. These are summarised below.

no. | class of relationship description
@) intraoperative exists within a work of art
(ii) interoperative exists between works
(iii) intraterpretive exists within an interpretation of a work
i) interterpretive exists between different

interpretations of the same work

exists between interpretations

) interteroperative .

of different works
(vi) intraauditive exists within a hearing of a work
(vi) interauditive exists between different hearings of the

same interpretation of a work

. " exists between hearings of different
(viii) interterauditive . . gs of diff
interpretations of the same work

(ix) | interaudoperative exists between hearings of different works

Figure 7.19 The classes of relationship that potentially exist within
and between works, performances and hearings.



Ordering perceived reverberation, plot,
loudness, timbre and number

Introduction

In this chapter the organisation of perceived reverberation, plot, loudness,
timbre and number are investigated, using the theoretical framework outlined
in the preceding chapters.

Ordering perceived reverberation

Perceived sound has various qualities which stem from the environment
in which it is propagated. Foremost among these is the compound perspect
perceived reverberation, which qualifies the way music sounds without
affecting its substance. The identity of Beethoven’s Appassionata sonata,
op. 57, for instance, is unchanged by the nature of the surroundings in which
it is heard. This relates to the fact that, historically, composers have exerted
virtually no control over perceived reverberation, although in producing
compositions that were intended for performance in a particular type of
building (music for the liturgy, for example), or even in creating pieces
meant to be executed al fresco (such as Handel’s Music for the Royal
Fireworks of 1749, which was originally written to accompany a display in
London’s Green Park), they clearly had definite kinds of acoustical
environment in mind. Certainly, differing musical genres have come to be
associated with, and apparently to tolerate, only specific bandwidths of

266
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perceived reverberation (cf. Maconie, 1990, pp. 149ff). Hence, playing a
composition for church organ (say, Franck’s Grande piéce symphonique,
op. 17) in a dry acoustic would strike the initiated ear as incongruous, no
doubt; conversely, it seems reasonable to assume that the Tutsi of Ruanda,
accustomed to hearing their songs for taking cattle home at the end of the
day in the open air, would find a rendition of them in a resonant room
strangely anomalous (see Merriam, 1964, p. 214). Here are Berlioz’s views
on the matter, expressed emphatically in his Grand traité d’instrumentation
et d’orchestration modernes, op. 10:

The place occupied by musicians, their disposal on a horizontal plane or an
inclined plane, in an enclosed space with three sides, or in the very centre of
a room, with reverberators formed by hard bodies fit for sending back the
sound, or soft bodies which absorb and interrupt the vibrations, and more or
less near to the performers, are all of great importance. Reverberators are
indispensable; they are to be found variously situated in all enclosed spaces.
The nearer they are to the point where the sounds proceed, the more potent is
their influence.

This is why there is no such thing as music in the open air. The most enormous
orchestra placed in the middle of an extensive garden open on all sides—like
that of the Tuileries—would produce no effect. (1855/1858, pp. 240 and 241)

Further evidence of how highly listeners value having just the right
amount of perceived reverberation is provided by the enormous effort that is
expended on the design of concert halls; consider too the trouble taken to
enhance acoustically ‘dry’ studio-recorded sounds with what is held to be a
lifelike, or at least an aesthetically pleasing, level of perceived reverberation.

Listeners would normally expect an acoustical environment, and therefore
the degree of reverberation perceived, to remain constant during a
performance, although the kaleidoscopic worlds of perceived sound inhabited
by those musicians who perform on the move—the members of marching
bands, for instance—should not be forgotten. Finally, consider Lucier’s
Vespers of 1968 (to which the matter of perceived reverberation is central).
The work is

performed in darkness and based on the principle of echolocation.
Echolocation is a process for locating distant or invisible objects by means of
sound waves reflected back to the emitter by the objects. Blindfolded
performers armed with sondols wander about the performance area in an
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attempt to avoid colliding with one another. This is facilitated by the sondols,
electronic devices that emit clicks to survey the environment, like the sensory
perception of dolphins and bats. (Ernst, 1977, p. 186)

Through electronic means, perceived reverberation can be controlled
canonically. A group of notes, for instance, could be made to resound to an
extent that was considered to duplicate the level of perceived reverberation

Pitch o

Perceived
Time

Figure 8.2 Secondary zygosequential zygonic constant system
of perceived reverberation.
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pertaining to one occurring previously—see figure 8.1. (Here, perceived
reverberation is represented by the thinner line following each constant of
pitch.) Equally, perceived reverberation may be made to vary regularly
across a configuration through the effects of a secondary zygosequential
zygonic constant system (cf. figure 6.40). See figure 8.2.

Ordering plot

To facilitate the investigation that follows, the concept of a perspective
set!? is introduced, a theoretical construct which itemises all the values
occurring in a perspective domain over a given period of time. See figure
8.3. Sets function like atemporal associations. Hence all the relationships
identified in chapter 6 are relevant to them.

Interauditive differences in plot inevitably exist between different members
of an audience, and composers do not generally stipulate the location of
listeners relative to the source of sound. The direction in which people
suppose the music to be coming from, and the range, are not factors that
usually figure in the equation linking performer and listener (see Brant,
1967, p. 223). Admittedly, the designs of concert halls, opera-houses, and
other buildings constructed with public performance in mind, respect the
convention that those listening should face the subjects of their attention
(cf. Menuhin’s comments in Daniels, 1979/1980, p. 71). Even this general
principle fails to apply, however, if the music is relayed electronically.
Loudspeakers in the home, for example, may well be located behind the
sitting-room chairs.

Nevertheless, composers normally expect the members of orchestras,
choirs and other groups of performing musicians to be positioned close to
one another, effectively forming one compound source of perceived sound.
(It seems more natural to refer to the ‘perceived location’ of a band, for
example, rather than its ‘perceived locations’.) Hence the set of values of
plot pertaining to a given performance of a piece for three performers or
more (which, in this and the following examples, are considered from the

IThe term ‘set’ has been used before in the context of music theory, but in a slightly
different sense from the one intended here: see, for example, Babbitt (1960, p- 247), who
designates an ordered series of pitches in this way.

2Compare this with the term ‘gamut’ used by Cage (for example, (1958)/1961a, p. 23).
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standpoint of a single listener, whose position may be taken as typical) may
be described in terms of a primary intraterpretive imperfect constant system.
Without doubt, the proximity this describes is partly attributable to prac-
ticalities such as the fact that increasing the distance between performers
makes ensemble playing more difficult. However, the same organisation
can also be perceived in canonic terms, since the perceived location of each
player in a group may be deemed to exist in imitation of another or others,
implying a network of relationships in the form of a primary intraterpretive
imperfect zygonic constant system of plot (cf. figure 6.24).3 Moreover, if
one such mode of performance is felt to exist in imitation of another, then
interterpretive and interteroperative zygonic connections, in the form of
secondary imperfect zygonic constants (cf. figure 6.33), are implicated too.
Some pieces depend for their full effect on having two perceived sources
or more, whose separation is well defined. Music conceived in terms of two
perceived locations ranges from the antiphonal singing characteristic of
Negro cultures (Nettl, 1965/1973, p. 140) to the sixteenth and seventeenth
century Venetian technique of coro spezzato or ‘divided choir’ (see, for
example, Arnold, 1959), and from the concerto grosso of the Baroque era
(Bukofzer, 1947, p. 223) to Brant’s American Debate (1976), for wind and
percussion in two groups. Composers sometimes demand three distinct
groups of players, examples of which range from certain passages in Mozart’s
Don Giovanni (first performed in 1787), for example, to Stockhausen’s
Gruppen (1955-1957). Even more groups are specified on occasions:
Berlioz’s Grande Messe des Morts (1837) for instance, calls for an
exceptionally large orchestra including four brass bands. Compositions
employing the same number of distinct perceived locations may be supposed
to be linked through interoperative zygons, if one is held to imitate the other.
See, for instance, figure 8.4. The issue may not be clear-cut. Stockhausen,
for example, while admitting a close acquaintance with a number of spatially
conceived works from the last 450 years (1959/1961, pp. 67 and 68) is
loathe to admit that his own compositions are indebted to them.
Frequently, music is written for set instrumental or vocal combinations,
and the arrangement of players within groups like these is often standardised
too, a state of affairs largely attributable to the practical demands of per-

3Just as a set is a theoretical construct, so are the relationships that pertain to it. Hence,
the constant system referred to here can be considered to exist atemporally, as an abstraction
from the fabric of the music itself.
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formance. It makes sense, for example, for those doubling parts, such as the
first violins in an orchestra, or the sopranos in a choir, to sit or stand together.
Moreover, it is reasonable for performers who are intended to be particularly
prominent—the soloists in concertos, for instance—to be placed at the front
of groups. Finally, consistency reduces the risk of confusion: imagine the
plight of a conductor, faced with the task of directing an orchestra that
adopted different seating arrangements on different occasions (cf. p. 5).

In addition to these factors, it is conceivable that groups of instrumentalists
and vocalists tend to be disposed in the ways to which musicians have grown
accustomed, since performances of pieces imitate previous practice. This
means that the manner in which the layout of performers is organised can be
understood in canonic terms, through interterpretive and interteroperative
secondary zygons of plot, running parallel with primaries of timbre.
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Figure 8.5 The layout of performers ordered at the secondary zygonic level.

Usually, plot remains constant during a performance, and, again, there are
practical reasons why this should be so. However, these do not preclude a
canonic interpretation of the typical uniformity of perceived location during
the rendition of a piece, which would implicate both intraterpretive primary
zygonic constant systems (reflecting the unchanging values of plot) and
interterpretive or interteroperative secondary zygonic constants (relating to
the fact that most performances evince this regularity). See, for instance,
figure 8.6, in which, for graphical convenience, plot is shown on a single
axis.

Indeed, the fact that constancy of plot is not a necessary condition of
performance is demonstrated by the occasions when change is to be found.
Consider, for instance, a processing church choir, a marching band, or an
opera singer enacting a part that demands action. Occasionally, composers
stipulate the movement required: in Circles, for instance, by Berio (1960),
the path taken by a female singer with respect to two percussion players and
a harpist is indicated with a fair degree of precision. In circumstances such
as these, if the movement is consistent, either within or between performances
of the same or different pieces, this too can be construed canonically,
involving on the one hand intraoperative or intraterpretive primary invariant
systems (cf. figure 5.32), and on the other interoperative, interteroperative
or interterpretive secondary zygonic constants of plot (cf. figure 5.38). See
figure 8.7.
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Howeuver, it is the electronic manipulation of sound that offers the most
promise for the control of varying values of perceived location during the
performance of a piece (see, for example, Chowning, 1971). With a building
such as that constructed for the Expo 70 in Osaka, for instance, (see Mumma,
1975, pp. 334 and 335) the wide range of protractive, continuous and
associative ordering explored in chapters 5 and 6 is generally applicable to
plot. For example, a moving perceived sound may appear to describe an
invariant system of ratio (see figure 5.34), or perceived sounds may be
presented simultaneously in a controlled distribution around the members of
an audience, through a secondary zygosequential intrasociative zygonic
constant system (cf. figure 6.43), or a comparable secondary zygosequential
tertiary system (cf. figure 6.45), in either case sequential with respect to plot
(cf. Boulez, 1963/1971, p. 67).

Ordering loudness

Loudness is affected by the position of listeners relative to the sound
source, a variability that has two components. The first pertains to the fact
that intensity wanes over distance, leading to a corresponding decrease in
loudness as one moves further from its source, and the second is related to
the directional inconsistency of the sounds that emanate from instruments
(see Olson, 1952/1967, pp. 231ff). Interperspective values appear to be
rather less dependent on plot, though perhaps not entirely so.

The consequences of this perspective interdependence can be interpreted
in terms of the model proposed in chapter 7. It means, for example, that
dynamic levels can be expected to be coherent intraauditively; that is, if a
performer realises separate markings of, say, piano in the same way during
the course of a piece, then they should strike the listener as being the same
too (even though in absolute terms there may well be a difference between
what the two people are hearing). Exceptions to this principle occur when
plot itself changes during a performance: as a band marches into the distance,
a sustained forte, for instance, would have the effect of a diminuendo to the
stationary observer. Interauditively, only relative values of loudness will be
maintained: what appears to be very loud to those in the front row of a large
concert hall will seem less so to the members of the audience seated at the
back (cf. pp. 54 and 55), although a change in level—a crescendo for
instance—would be recognised anywhere in the auditorium.
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The same principles apply to pieces that are electro-acoustically
reproduced, although the interauditive discrepancies may be even greater.
First, the environment in which the music is relayed will inevitably have
unique acoustical properties, within which the intensities of the sounds that
are propagated will be dissipated, or compounded through reverberation, in
distinct ways (cf. Stockhausen, 1959/1961, p. 74). Second, the music may
be heard at any level, from the barely audible whisper of a crystal set to the
potentially damaging kilowatts of sonic power pushed out by a large
amplification system.

As far as performers are concerned, perspective values are liable to be
treated with a certain latitude (though nothing approaching that with which
listeners subsequently have to contend), a tendency for which there are both
perceptual and physical reasons. For example, people’s inability to categorise
securely any more than about five different values of loudness in the long
term (see p. 53) clearly limits the fidelity that can be expected of interterpretive
and interteroperative relationships. Then there is the fact that indications
such as forte, for instance, rather than meaning “loud per se”, denote “loud
for the circumstances”, which may be taken to include the type, and even the
model, of instrument involved, as well as the dynamic levels realised by
other players at the same time (cf. Schoenberg, 1929/1975, p. 341).# The same
haziness inevitably characterises the interpretation of interperspective values
since they are usually expressed as the transition between two perspective
values (for example: “make a crescendo between piano and forte™).

The scale of these auditive and, to a lesser extent, interpretive incon-
sistencies would make it seem quite futile for composers to stipulate
perspective values of loudness; they would be better advised, it would
appear, to confine themselves purely to relative indications. Such a conclusion
does not accord, however, with the common practice of Western composers
of the last two hundred and fifty years or so, who have often left detailed
instructions as to the loudness levels required. The solution to this quandary
lies in the fact that it is not just dynamics as they are perceived that are
aesthetically important, but also levels of loudness as they are deduced to be.
This information may be based partly on the awareness of how sounds seem
to diminish with distance, partly on the fact that timbres are not entirely
invariant under different dynamics (consider the characteristic fortissimo

4Carter, in a performance note to his Brass Quintet (1974), refers specifically to this
issue: “The dynamic markings of this score are ‘absolute’—that is, forte in the horn part
should sound as loud as the forte of the other players, etc.”.
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of a trumpet, for instance; Clark and Milner, 1964), and partly through
extramusical information, such as the observed vigour of players (cf. Nattiez,
1990, p. 40). Hence, being seated close to the performers and hearing them
execute a phrase pianissimo does not offer the same musical experience as
sitting at the back of the hall and listening to the same passage rendered
mezzo forte, even though the actual values of loudness apprehended may in
both cases have been the same.

In summary: pieces are recognisable, and even artistically satisfactory,
irrespective of the general level of loudness at which they are heard, for
listeners have a remarkable capacity for perceptual accommodation, whereby
they can quickly attune to the set of values offered by a particular set of
circumstances.

Composers’ choice of dynamics are constrained in a number of ways. For
instance, on some instruments there is no control of the loudness of notes
following their initiation. The levels of perceived sounds produced by
striking or plucking, for example, subside of their own accord, although
whether this decrease is apprehended as such depends on the circumstances
in which it is heard (cf. pp. 120 and 121). In contrast, notes played, for
instance, on an organ, often maintain a constant loudness irrespective of
their duration. Yet other perceived sounds, which result from bowing or
blowing, can be subject to dynamic variation at any point. Composers must
also bear in mind that only certain dynamic levels can be produced on a
given instrument, and these differ from one type to another. For example,
quieter perceived sounds are feasible on the acoustic guitar, generally
speaking, than on the saxophone, whilst the trumpet can play louder than the
flute (see Olson, 1952/1967, p. 231). Moreover, the range of loudnesses that
can be produced is variable: notes on the harpsichord, for example, short of
a change of stop or manual, can be played at only one dynamic level,
whereas according to Patterson (1974, p. 87), even amateur players can
make a contrast of over 40dB on the violin (corresponding to a considerable
difference in values of loudness). The number of discrete levels that a player
can execute, or, as Clark and Luce, 1965, p. 154) put it,

the fineness with which it is practical to subdivide the intensity markings

is also limited, to a degree that varies from one instrument to another, and
more generally between instrumental families. With the brass, for instance,
the figure is around ten, whereas the woodwinds can manage between two
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and five such quanta (op. cit., p. 153). The orchestral average, according to
Clark and Luce (ibid.), lies between five and six—much the same number, it
is interesting to note, as the perceptual categories to which isolated loudnesses
can be assigned. Composers have to contend too with the fact that the
available levels of loudness vary between different models of the same
instrument and between different performers (Patterson, op. cit., pp. 80ff).
In contrast to these limitations, with modern electronically reproduced or
synthesised sound, the composer has complete physical freedom, since
levels of loudness beyond the thresholds of hearing and pain are possible:
here, the restraining influences are, respectively, the valu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>