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ABSTRACT

The thesis investigates the perception of musical metre and
phrasing, which together form a hierarchical rhythmic structure,
represented in tree-diagram form. Rather than study human perceptual
processes, a mechanistic approach is adopted. It is shown that the
most likely rhythmic structure of a passage can be generated largely
from the pitch and durational information in scores, through thé

perception of certain features, termed structural characteristics,

supported by some general perceptual preferences. Each characteristic
is itself a perceptual preference, capable of selecting certain groupings

of notes or chords as phrase groupings or highlighting particular

temporally disjunct notes or chords as structural accents, each of which

is a potential metrical accent. Mental connections between relatively
long notes, a preference for regular metre, and the grouping of
relatively close attacks establish a basic (if sometimes ambiguous)
rhythmic structure, thch may be modified or developed by repetition,

a longer-note accompaniment, harmonic rhythm, dissonance and resolution,
pitch patterning, and notated dynamics and articulation. Phrase structure
influences the perception of tonality, in conjunction with the Harmonic
Series, for whose contribution a tonal map is put forward. The
characteristics may be témporally congruent or incongruent (cross-
rhythmic) and are of unequal strength, thus giving rise, in their many
different configurations, to further perceptual preferences, which are
illustrated by several hundred musical examples. The differences in
relative strength permit metre and phrase grouping to be read

qualitatively, as a product of the characteristics which generate it.



CONTENTS

VOLUME ONE: TEXT

INTRODUCTION

CHAPTER ONE: BACKGROUND AND ASSUMPTIONS -

A. Mechanistic Approaches to Hierarchical Structure
in Music

B. Three Musical Hierarchies

c. Assumptions, Limitations, and Definitions

CHAPTER TWO: A STRUCTURAL NOTATION FOR RHYTHM
A. Metre
B. Phrase Grouping

C. Previous Notations

CHAPTER THREE: STRUCTURAL CHARACTERISTICS: DURATION

A. ﬁuration Contour and Metre

1. Pre-metrical phrase grouping
2. Preference for regular metre
3. Choice of multiple

4. Syncopation

5. Upbeats

6

. The metrical algorithm of Lenguet-Higgins
and Steedman :

B. Duration Contour and Phrase Grouping
c. Repetition

D. Longer-Note Accompaniment

CHAPTER FOUR: STRUCTURAL CHARACTERISTICS: PITCH
A. Pitch Patterns
B. Dissonance and Resolution
c. Structurally Accented Tonics
D. Harmonic Rhythm

E. Rhythmic Structure and Tonality

Page

23

44

54
55
70

79

20
o1
94
99

102

106

114

120

126

152

167

179
180
198
211
214

225



vi

LContents

CHAPTER FIVE: OTHER ASPECTS OF THE SCORE AND THEIR
EFFECT ON RHYTHMIC STRUCTURE

A. Notated Aspects of Performance

B. Theoretically Predicted Metre and the Score
CONCLUSION
APPENDIX: THE GROUPING THEORY OF ILERDAHL AND JACKENDOFF
BIBLIOGRAPHY

LIST OF MUSICAL EXAMPLES

VOLUME TWO: EXAMPLES

List of Abbreviations and Symbols

Introduction: Exs. 1-2

Chapter 1: Exs. 1/1-1/18
Chapter 2: Exs. 2/1-2/66
Chapter 3 A: Exs. 3/1-3/89

B: Exs. 3/90-3 /144

C: Exs. 3/145-3/189

D: Exs. 3/190-3/218
Chapter 4 A: Exs. 4/1-4/75

B: Exs. 4/76-4/118

C: Exs. 4/119-4/137

D: Exs. 4/138-4/173.1

E: Exs. 4/174-4/190
Chapter 5 A: Exs. 5/1-5/16

B: Exs. 5/17-5/38

Conclusion: Exs. 5/38-5/40

Page

239
239

249

260

272

277

282

iii

19
37
52
65
75
90
lo2
107
117
122
126

136



INTRODUCTION

It has been said that 'to study rhythm is to study all of music'.l
Although rather exaggerated, this asserilion expresses the far-reaching
importance of the temporal dimension in pervadihg virtually every
aspect of a subject which must, after all, exist in time. To ignore
or fail to take proper account of rhythmic structure in the study of
music is to weaken the relevance of one's findings and possibly to
misrepresent and distort musical meaning.

The object of the pxesent work is to present a theory of the
peréeption of metre and phrasing, the two constituents of rhythmic
structure on thé small scale. Although metre isvaffected by dynaﬁics
and phrasing by articulation, neither of these aspects of performance
is essential to the communication of rhythmic structure in most music,
as can be appreciated by playing in strict time and as‘legato as
possible on an instrument such as the elgctric organ, on which tﬁere
need be no variations in dynamics and timbre. Such an exercise would
not be designed to undermine the wvalue of playing musically, but to
sugéest that there are charaéteristics in durational and pitch
sequences which can give rise to the perception of metre and phrasing
by highlighting some notes or chords to produce metrical accentuation
or by grouping them to produce phrases. The identification and
description of these characteristics and the examination of the
principal relationships among them will be the subject of this study.
There is, of course, no suggestion that dynamics, articulation, and
tempo cannot help to determine rhythmic structure and their contribution

will also be taken into account.

1. Grosvenor W. Cooper and Leonard B. Meyer, The Rhythmic Structure
of Music (Chicago, 1960), p.l.




Differenceé in the perceived rhythmic structure affect the
conception of music at its most fundamental levels. Example la shows
in simple form the most likely metrical and phrase structure for the
given passage, together with a tonal interpretation; Example lb shows
one that is rather less likely. The first is produced by characteristics
which are present in thé sequence of notes; the second is not, which is
why it is difficult, fhough possible, to imagine. The phrasing of
Example lb could be produced only by deliberate articulation, aided,
perhaps, by timbral distinction. By contrast, if metrical structure
alone is altered, the passage has the phrase structure of Exémple lc,
which is similar, but not identical, to that of Example la.- The fact
that it is not identical is evidence of the effect ﬁhat metre can have
on the grouping of notes. Even where phrase grouping is independent of
netre, the;e is no doubt that the position of the metrical accent has a
profound effect on the character of the phrasé, as is illustrated by
comparison of the phrasé gfoupings in Example 2 with each'other and with
a 5/8 metre (see‘also Example 4/14).

The conception of music is also affected by the fact that the
qualitative nature of rhythmic structure is a product of the
chéracteristics which generate it, as is seen in the following
features of Examp;e la. There is a minim metrical pulse in the
example, but it is of considerably weéker effect in bér 1 than in
bar 3, which has a change of implied harmony. The metrical weakness
at the minim level in bar 1 cannot suddenly become strength in the
durationally similar opening of Example 1/7 (Beéthoven, Op.l10, No.3,
I, second subject); thus the barline does not necessari;y indicate
the most important metrical level in a passage. The answering phrase
following Example la and identical to it except for the last three

pitches (Eb-D-C) is distinguished from it by the dominant to tonic



relationship which, in turn, unites the two phrases as antecedent and
consequent to form the next level of grouping. Because of repetition,
the two minim-length phrases ending in bar 3 are brought into prominence
relative to any grouping that might have united them; if the second
phrase of the example is altered to copy the first, starting one dégree
of the scale lower (Aq—Bh—C—C—C), a similar weakening of their joint
grouping is observed.

Musical theory has remained surprisingly aloof from an examination
of rhythmic structure as cause rather than effect, and Cooper and
Meyexr, who have made an important,contribution to an understanding of
the latter, go so far as to claim that ‘the former is impossible:

This division of function among the several
elements of music in which some produce
unity and others separation is one of the
things which at times makes it difficult to
know what the dominant grouping is . . .
Again, it is partly the fact that no hard
and fast .rules can be established to solve
this problem of the precedence of variables
that makss analysis an art rather than a

science.

Although the lack of'a rational basis for rhythmic structure is a gap in

‘musical knowledge which remains to be filled in its own right, both the

incentiVe to account for what are nermally intuitive perceptual preferences
and the conceptual framework within which such an invéstigation can take
place arise from the possibility, now increasingly exploited, of using

the digital computer as an aid to musical research. Since a computer
program is a sequence of explicit instructions, the observation of musical
structures by computer must be the result of specific analytical operations
on the input data. These éperations may incorporate predetermined

assumptions about the nature of either the data or the structure to be

2. ibid,p.l0.



observed and may draw on stored procedures or information, which can be
the result of previous analyses by the machine,.

Such a mechanistic approach permits any explicit analytical process
or perceptual theory to be modelled on the computer and tested against
human_intuition,3 however naive its musical assumptions, but. it also
presents a challenge to theorists t o find explicit means of identifying
and describiﬁg every kind of valid musical structure. The theoretical
task is a general one of which the present study forms only a part, and
not an isolated part, for rhythmic structure cannot be divorced from tonal
and thematic structure (wherebthese are present in a piece). Thus the
perception of rhythmic struéture is part of the widgf question of how
to account, mechanistically, for the éognitive interpretation of music as
a hierarchical structure. This question'will’be considered in Chapter 1,
in order to set terms of reference for the present study.

The pfesent»work will be argued from a mechanistic viewpoint, in
three senses. .Firstly, its aim is to find explicit reasons why some notes
are perceived as grouped together in preference to others, and why some
bear metrical accents while others do not. Secondly, it'will not
investigate human perceptual processes as such, but rather view the
perception of rhythmic structure in terms of analytical operations which
gi&e rise to the structure (or structures) most likely to be perceived,
but which may or may not mirror human perceptual processes. Thirdly,
the mechanistic environment that is envisaged for the future implementation

of the present theory is that of the computer. Its normally sequential

3. Examples are the early experiments in automatic composition by
Hiller and Isaacson (1959), the study of thematic process by
Smoliar (1974), the musical dictation program of Longuet-Hoggins
(1976) , the modelling of Schenkerian transformations (Frankel,
Rosenschein and Smoliar, 1976), and Morehen's comparison of
Renaissance theory and practice in text underlay (see Bent and
‘Morehen, 1978). Publication details in bibliography.



mode of operation, its capacity to make many examinations of a passage
in search of different aspects, the storage of information for future
use and its use of such stored information are all assumptions that
underlie the viewpoint»to be ad oted.

However, while one intention is to discuss the principal musical
questions that it wbuld seem essential for a successful algorithm for
rhythmic perception to take into account, a consideration of programming
method is beyond the scope of this study. There are two reasons for this.
Firstly, in the desire to write a workable algofithm or progrém, practical
limitations might have to be made whiéh contradicted known musical practice
asAcénsidered in the théoretical discuésion. Second;y, even if an algorithm
or program is a sucéessful implementation of a musical theory, it is no
proof of the correctness of thé theory; this has to be determined by the
theory's consistency with intuitive_mﬁsical understanding. The theory to
be put forward will therefore be argued by means‘of illustrative musical'
examples, rather than by the preSeﬁtation of computable procedures.

The degree to which the discussion approaches the minute detail of such
procedures will vary according to the needs of the argument and the state
of current knowledge.

Chapter 1 examines the background to the present approach in greater
depth thén above and discusses the assumptions and practical limitations
that have been adopted. Chapter 2 presenﬁs a tree~diagram notation for
rhythmic structure. Chapters 3 and 4 put forwaxrd durational and pitch
charaCteristics'that generate metre and phrasing, while Chaptexr 5
consider; thé reiati&nship béﬁween these cﬁaracteristiCS and other
information in the score that is relevant to the perception of rhythmic

structure.



CHAPTER ONE

BACKGROUND AND ASSUMPTIONS

A. MECHANISTIC APPROACHES TO HIERARCHICAL STRUCTURE IN MUSIC

The present work is concerned with the perception of rhythmic
structure from a mechanistic viewpoint. Such a viewpoint permits rhythmic
perception to be presented as a set of abstract perceptual preferences,
without the need té study human perceptual processes.  Secondly, since a
mechanistic viewpoint is necéssary for the use of the computér in musical
research, the perception of rhythmic striucture may be discussed in terms
that are relevant to the modelling of such perception bh the computer, yet
are limited to an examination of musical features, as opposed to possible
programming methods. Some different approaches to the question of how to
deal with musical structure mechanistically will be considered below, in
order to elucidate the particular approaéh to be taken in this stﬁdy.

The increasing use of the digital computer in musical research has
brought about a fundamentally new attitude to the nature of musical
' analyéis, by highlighting the distipction between intuitive and explicit
cbservation. _Traditionally, the analyst, in drawing attention to é
structure, has seldom needed to explain how he selects certain notes
as the constituents of that structure, in preference to others, éince
the ability to perceive musical structure is as much the common currency
of the musical mind familiar with the type of music under bbservation
as is the ability of everyone to recognize everyday objects. The computer
- presents a new challenge, however, in demanding that every musical
structuré to be observed by the machine be specified explicitly. All
musical cognition thus becomes an act of anélysis by the programmér,

whether expressed as a series of computable operations or incorporated



into the program or data as a priori assumptions (or both). Since
music is largely hierarchical in structure, the necessity of
explicitness poses questions of.the extent to which the»hierarchical
naturé of music is understood, of which notes are more closely
associated and in what ways, and which are more important than others
and why.

Certainly, music is‘not>necessarily hierarchical. For example,
at the lowest levels of organization, those relevant to phrase structure,
structural ambiguity may be so great as to preclude thevemergénce,of
any predomihant grouping of the smallest phrase units. This seems
especially likely in music employing chance techniques. Eqﬁally, at
highér levels of structure, development may take pléce without
generating any further leVels, as, for example, in a Theme and
Variations or_inia jazé or blues improVization. However, unless it
is known in advance that a‘passage lacks a particular type of
hierarchical structure, it is necessary to search the passage
for the featurés that would héve gene:ated that struéture; in
order to confirm their non-existence. Thus the mechanistic analysis
of any passage can be expected either to have such advancé knowlédge
at its disposal or to treat the passage as potentially hierarchical
and make the appropriate searéh.

Just as music need not be hierarchical, so it is possible for
some or all of music's hierarchical aspects to be disregarded, in
a mechanistic approach to musical analysis. Music may be treated as an
array of notes whose pitch, duration, dynamic or other values are

seen as content to which to apply the chosen analytical procedures



rather than as aspects which might directly condition the form of
such procedures. The statistical techniques of the 1950's and 1960's
that were brought together and extended by Gabura typify this‘
approach.l While such non—hierarchical analysis is not invalid, its
premises and results must be intérpreted carefully to avoid any
contradictions of musical commonsense. Particularly important in this
respect is the fact that music is not the same if>played backwards;
indeed, the order of events in all serially ordered behaviour is
considered to condition the memory and conception of the sequence
concerned, as 1is démonstrated by trying to recite the alphabet
backwards.2 It has been>shown experimentally that hierarchical
groupings likewise condition conception and memory: a sequence of
digits or musical notes, presented as partitioned at wvarious points to
form internal groups, is poorly recognized on a subsequent presentation
Vif the serial order is maintained but the grouping changed.3

It would seem advisable; then, for mechanistic methods of analysis
to péy close attention to the hierarchies into which the mind most
commonly structures‘musical data and which thereby become understood
as intrinsic to the music in which they are found. Further evidence
for this opinion'may be seen in one of the earliest applications of
the computer in musical research, that of Hiller and Isaacson, whose
attempts to generate music as the ouﬁput of given ruies of composition
produced examples which those with traditional Western expectations

might describe as music which wanders, goes nowhere, establishes no

1. A. James Gabura, 'Musical Style Analysis by Computer', in The

Computer and Music, edited by Harry B. Lincoln (Ithaca and

London, 1970), pp.223-275. :
2. Natasha Spender, 'Psychology of Music' in The New Grove Dictionary .

’ of Music and Musicians, 20 vols (London, 1980), XV,388-421 (pp.405,416).

3. Gordon H. Bower and David Winzenz, 'Group Structure, Coding and

Memory for Digit Series', Journal of Experimental Psychology,80

(1969); W. Dowling, 'Rhythmic Groups and Subjective Chunks in

Memory for Melodies) Perception and Psychophysics, 14 (1973),37.




goals.4 This is not mere value-judgement, but a reflection of the
authors' rules, and it may be noted as a positive achievement of their
work that it shows that hierarchical structure in music must come Irom
aspects other than those covered by their rules.

In essence, there are three .ways, not necessarily mutually
exclusive, in which mechanistic methods may take account of hierarchical
structure in music. One is to study psychological processes and then
incorporate the results into the assumptions or operations of an algorithm.>
To date, experimeptal musical psychology has been more concerned with the
lowest, psychoacoustic levels of perception than with higher levels of
organization such as phrase structure and tonal structure,5~although
the experiments of Deutsch and others have iﬁvestigated aspects 6f the
grouping of notes into musical lines.6 “While a mechanistickanalogue
"of perception may take the results of psychqlogical research into
account, there are sevéral probiems with tryingito simulate perceptual
processes directly. KXnowledge of human methods of organization may not
be necessary to find a.méchanistic solution to a problem or may not
proviae thée simplest or most effecfive mechanistic method. It is more
likely, however, that such knowledge will simply not be availabie and
that the computer éimulation of a perceptual task will throw light on
human procedures by showing the function of component cperations in
carrying out the task. For example, Longuet-Higgins has devised an

algorithm cépable of rationalizing the actual durations played on an

4. L.A. Hiller and L.M. Isaacson, Experimental Music (New York, 1959).

5. See Spender, op.cit.

6. Diana Deutsch, 'Music Perceptlon ; The Mu51cal Quarterly, 66 (1980) ,
165-179 (pp.170-4).




1o

electronic keyboard into their normal notated equivalents, by
incorporating into the algorithm metrical assumptions and degrees of
tolerance to accommodate deviations of tempo from the anticipated
beat.7 Componénts of pitch perceptionvare illuminated in a computer
program by Piszczalski and Galler, which first produces a three-dimensional
graph of a monophonic signal, plotting amplitude and pitch against time,
and then analyzes the stfongest peaks to find harmonic ratios that
identify the perceived fundamental.8 |
For cértain perceptual problems, thén, it seems that the machine
simulatioﬁ of human processes is more likely to aid our understanding
of these processes than vice versa. Moreover, it is doubtful at preéent
whether any experimental research into hﬁman cognition at a higher‘level
than the perception of notes would revéal insights of much value to the
mechanistic modelling of such cognition. The probiem lies in_the
variety of knowledge and musical ability of different listeners, a topic
which will be pursued in greater detail at the end of this section (pp.20-22).
Piszczalski and Galier's work is an example of the second | -
mechanistic‘approach to musical structure: the recognition and analysis
of features. The present work wil; be argued from this.second‘viewpoint,
which regards musical data as initially unstructured, but likely to
contain certain features, tﬁé recognitidn of some or all of whichvwill
give rise to hierarchical structure, either directly or indirectly.
In the case of the perception of rhythmic structure, this second
mechanistic approach involves applying to the unstructured data analytical
operations that are analogous to human perceptual preferences.
Each of the features, or, as they will be termed, structural
7. H.C. angeut—Higgins, 'Perception of Melodies', Nature, 263 (1976),
646-653. ’
8. Martin Piszczalski and Bernard A. Galler, 'Computer Analysis and

Transcription of Performed Music: A Project Report', Computers
and the Humanities, 13 (1979), 195-206.
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characteristics, is informally understood as defining one way in which

the ‘listener gives importance to certain notes over others. While each
may thus be seen as a perceptual preference, this latter term Qill mostly
be employed to describe the chdice that prevails amoﬁg different
combinations of characteristics and the aifferentbstructures they suggest.
The intention is to consider how otherwise unstructured data becomes
structured as progressively more information is acquired through the
observation of the various characteristics. Such ag abstract view of
musical cognition is nof inconsistent with the possibility that certain
typés of structure may be derived only from learnt preferences, since the
latter méy be seen as secondéry characteristiqs derived from primary
observations which on their own might produce only a;partial
understanding of a given passage.

~ In the se;rch for a consiétent set of structural characteristics,
our heritage of theory, having litﬁle need for a conscious understanding
of musical perception, provides 6nly a meagre knowledge. Paradoxically,
our very familiarity with éommon musical structures as effect makes it hard
to appreciate the extent of current ignorance about their cause. |
Traditional theory tends to lend itself more readily to the formulatién
of explicit definitions and the attempt to formalize such theor? and define
aspects of musical structure as effect rather than cause may be distinguished
as the thira mechanistic approach to musical structure. Whiie this is not
necessarily in conflict with the préseni method, the differences between
the two apprqaches are worth pursuing in greater detail in order to
clarify certain assuﬁptions underlying the present work.

In the present method, the réqognition of certain structural

characteristics .in a given piece might lead to the selection of information
that would normally be described by a traditional term such as 'phrase'.

This would not imply, however, that the selection procedure constituted a
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definition of the term 'phrase', since there might be further
characteristics, observable in other music, including music as yet
unwritten, which would also give rise to the perception of a phrase. Thus
musical terms other than‘those which, like the term 'C major chord',
demonstrably refer to a finite énd identifiable set of features should be
considered as generic terms, capable of explicit definition only within
an explicitly defined corpus of music.

This qualification about definition becomes inverted in its effect,
however, when it is realized that the act of defining a generic term or,
more generally, the formalized description of an? musical feature, whether
it has a customary éenéric'term or not, itself defines a certain corpus
of music, by defining stylistic boundéries which may have no reason to be
considered significant other.than as the prpduct of such a formal
description. It is this notion of absolute and possibly artificial
stylistic boundaries that distinguishes the third, or"gene£ative', approach
from thevpresent 'analytical' one, not the potential inadequacy of either
method for certain types of music.

The distinction between the 'generative' and analytical' approaches '
to musical cognition is due to Léske,9 but a similar distinctiqp is to
be.found in linguistic theory.- Tﬁus Lyons contrasts what he calls the
tinductive' view of linguistics, based on 'inductiﬁe generalisation
from the events that have first been.observed and systematically
described', with the 'deductive' view, in which the selection of the
events observed are presumed to follow certain assﬁmptions, however
inexplicit, which may be used in the construction of a formal theory

10

that can itself be verified by observation. The parallel with

9. Otto E. Léske, 'In Search of a Generative Grammar for Music',
Perspectives of New Music, 12 (1973-4), 351-371 (p.360).

10. John Lyons, ed., New Horizons in Linguistics (Middlesex,
1970), pp.7-8.
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linguistics is not unimportant,.since Lyons identifies the

generative grammar of Chomsky as belonging to the deductive view

and i£ is from Chomsky that Laske takes his cue in pursuit of a
generative grammar for music. There is, however, one fundamental
difference between natural ianguage and music. Although a natural
language tends to qhange»gradeally over the years, it is considered
reasonable by linguists to treat it as static and attempt to
represent it as a formalized language whose expressionsvfollow
certain explicit‘grammaticalvrules against which linguistic
competence may be judged. Compositional practice} on the other hand,
is in a continuous state of change and any attempt to defineb
rigorously and finally the generic tefms which aré given to intuitively
perceived musieal structures will be frustrated by this change, if not
by the sheer‘variety of'musieal style, both of,which constantly call
into question the fixed ideas that definitions are made of, whether
they are stated explicitly or held implicitly in the expectations of
the listener.

For Laske to regard musical competence as similar to linguistic
competence is to presume the existence, which he does, of a
prescribed set of rules‘that define musical activity, from which
‘grammatical; musicai structures may be generated and aéainst which
they may be eomprehended as.acceptable.ll Not only is such a view
anathema to the spirit of iconociasm.which seems to be the driving
force behind much of twentieth—centufy music, but it presupposes
that definitions could be laid down now thet would cover all possible
forms of musical expression} both of the past and the future. This

hardly seems likely, to say the least.

11. Otto E. Laske, 'On Musical Strategies with a View to a
Generative Theory of Music', Interface, 1 (1972), 111-125
(pp.113-4).
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The ideas of definable rules and closed musical systems that

characterize the generative approach have been summarised by Winograd:
As the great body of scholarship on musical theory
shows, there is a set of quite specific structural
(syntactic) rules governing most types of music,
and a generative grammar would provide a neat and
useful way of expressing them. It is possible to
separate various aspects of music into partially
independent areas, and the number and complexity
of the rules operating in any such subset are
quite small compared to those which must be use
in any reasonable theory of a natural language.

Such ideas are inconsistent with the view that will be taken in
the present work, namély that compositional praétice is a continuum:
there is no rule for which an exception cannot be found or made, no
musical structure that cannot be related to any other by a series of
transformations, however remote the'connection. The difference
between the present view and the generative approach is especially
relevant t6 harmonic analysis, the subject of Winograd's paper. 1In
contrast to Winograd's definitions of certain aspects of tonal harmony,
following the traditional ideas of the diatonic key system, the
present view is in accordance with Messaien's declaration that 'the
terms "tonal", "modal", "serial" and other words of this_kind are
illusory... [they] make.an improper, though perhaps useful means of

13
dividing phenomena which are basically linked’.

The view of compositional practice as a continuum does not
suggest that change has taken place at a uniform rate throughout
musical history, that music is not established into recognizable

styles. The ideas of common practice and constant change are not in

opposition, but simply different ways of looking at the same

12. Terry Winograd, 'Linguistics and the Computer Analysis of
Tonal Harmony', Journal of Music Theory, 12 (1968), 2-49 (p.4).

13. Claude Samuel, Conversations with Olivier Messiaen, translated
by Felix Aprahamian - (London, 1976), pp.23-25.
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continuum of actual or possible practice. On the one hand, the
composer must assert some individuality if he is not merely to copy,
and in Western art-music the conscious desire to express an individual
style has a long tradition that exfends back well befqre the period
of so-called'common practice' in harmony. On the other hand,‘if the
composer 1is foo original for his audience, he may not be understood.
Clearly he is limited, too, by virtue of his‘time and place: it
would be absurd, for example, fo pretend that electronic music was a
choice available to Monteyerdi, as a musical conception, quite aparf_
vfrom technical limifations.

Furthermore, there are certaiﬁ predetermined factors which affect
the choices made by the composer. These iﬁclude,'where appropriate,
his own‘prescribed material, theﬁatic or formal. Secondly, mﬁsic is
plainly the direct product of performance’and only indirectly the
composer's creation. Through the developmenf of notation and its
dominance over improvigation, the Western composer has been able to
éxercise considerable control over the final sound, but, even in
eléctronic music,.he has never yet been able to ignore the limitations
of instruments and their performers. Thirdly, far-reaching cultural
assumptions may be involved in the'production of music; it may be
conditioned by social function, as in religious or dance music, or by
stylistic or formal norms, espécially in improvized music and non-
notated music in general. Thus, even if the composer works intuitively;
he does so to a greater or lesser extent within a consciously accepted
framework. |

However, compositional practice may still be regarded as a matter -
of preference, with t he likelihodd of certain practices being so small
and the certainty of others so great as to bé equivalent to the

conscious following of rules. This view is in accordance with the
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notion that expectation and origihality in music might be expressed
by £he mathematical concepts of probability and Information Theory,
respectively, a view that is explored in greater depth by Meyerl4and
Youngblood.15 The idea of style as preference is e§en wide enbugh
to include indeterminacy, which may be seen as an uncertain choice
between ‘two or more possible states, in contrast to the traditional
Western composer's apparently certain preference for a single
outcome, a certainty which never'actﬁally extends to the £final sound
because of the indeterminacies of performance. Since the fine
gradations of musical style are ideal material for cataloguin§ by
computer, the resulting catalogue coqld control the setting of any
stylistic boundaries needed for.assessing the sigﬁificance of the
choices made in any piece, in such a way that the idea of considering

the present-day composer's range of choices as available to the

.- composer of the past would never arise.,

The rejection of prescribed rules by no means implies a
rejection of the entire generative approach. Traditional definitions
of generic terms, theories that are generalisations of actual practice
(for example, Sonata Form) and abstract constructions such as the key
system may well turn out to model the expectations of the listener of
a particular time and placeAin'the most efficient way. If such
theories were known to the composer and consciousiy followed or
rejected by him in a given piece, it is clear that they have a special
importance to the understandiﬁg of that piece. For example, it is
essential to have a knowledge of the diatonic system in order to

appreciate the full significance of its undermining in Wagner's

14. Leonard B. Meyer, Music, The Arts and Ideas (Chicago and London,
1967), pp.5-21.

15. Joseph E. Youngblood, 'Style as Information', Journal of
Music Theory, 2(1958), 24-35.
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Tristan 'by continual avoidance of the positive cadence which would
have clinched a key',l6 although it is just as important to have a
wider theory of tonality to explain in its own terms the opera's
opening progression of the 'Tristan chord' and its resolution,‘which
'by the end of the opera webhave come to accept...as a satisfying
entity in itseif'.17
Furthermore, it is valid to construct a formal theory by deduction
from intuitive understanding and to verify by observation its adequacy
for some passages and its inadequacy for others.  For example, in
harmonic analysié, it would be reasonable to identify major and minor
common chords under the assumption that they had particular importance
in the structure of tonal harmony. In jazz harmony, however, with
its emphasis on added-note chords, this analysis would appear inadequate
unless it were widened tovinclude th e observation of ﬁajor and minor
triads contained within other chords. The original assumption,
however inadequaté, would not be invalidated by the existence of
jazz harmony; only if the assumption were that tonality is a product
purely of major and minor triads, would this be éhown to be an inaccuracy.
The formalization of an intuitive theorf under the generative
approach does, however, presume that the rules concerned define
stylistic boundaries of particular significance. How many unique
systems would be required té account for the whole gamut of musical
practice can only be conjéctured; it would either be a needlessly
large number, with considerable redundancy in the repetition of rules,
or, if a smaller numbef, there would be many complicated variations

and exceptions, each of which would have to be specified by the

16, Anthony Payne, Schoenberg (London, 1968), p.l.
17. ibid. ’
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programmer. While such systems may be used to compare theory with
practice, both the specification of the theory and thé obgervation
of its inadequacy in certain instances can be made only by a human
analyst. But with the alternative and more broadly based ability to
analyse musical structures that might be derived from the structufal
characteristics of the présent work, the two appfoaches could be
used in cohjunction, formal rules being matchéd against prefefential
practice by the computer itself. Although the generative approach is
undoubtedly of value and is not incompatible with thé presentvview,
the reason for choosing the present approach as a means of identifying
musical structure has already been given: if musical structure is a
product of perception, it will be defined mosﬁ‘effectively by the
perceptual.preferences that give rise to it. |

The relationship between the two approaches does not end here,
however, since certain limitations and assumptidns which rely on
defined structures will be made in the present work, for the sake of
practicality. Most of these are embodied in Ehe representation for
musical notation upon which the work is based. It_seemé reasonable
to consider the data of this representation as 'unstructured' for
present purposes, provided that its limitations and assuﬁptions are
understood; they will therefore be examined in Section C of this
chapter.

Within the defined stylistic boundaries of any notation which
might be chosen, it is desirable for the search for structural
characteristics to range as widely as possible. If the idea of
electronic music was beyond the scope of Monteverdi, his stylistic
preferences are still available to the composer ‘of electronic
music and will be related to somé degree to whatever the composer

of today might choose, however tenuously. Wherever such relationships
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cannot be explained by musical theory, the latter‘must be widened
to account for them. While this emphasises the eimilarities among
musical styles, it may be seen from the foregoing that it need not
do so at the expense of their differences. It presumes, however,
that if, for example, a certain musical entity exists in two pieces
of distinctly.different styles, it retains the same identity in
bothf Clearly it must also be seen in context, since its function
in different contexts may not be comparable, but an emphasis on
context alone would make it impossible to identify the constituents
of musical style, with every pieee establishing its own unique
context. |

But the relevance of similarity to the present work extends

beyond simply the‘correlation of coﬁtent if, as Meyer believes, 'what

remein constant from style to‘style are not. scales, modes, harmonies,
or manners of éerformaﬁce,'butvthe psycholegy of human mental érocesses -
the ways in which the mind,  operating within the context of culturally
established norms, selects and organises the stimuli that are
presented to it'.18 This notion of a wide diversity of musical
practices unified by a smaller number of perceptual principles will
be mirrored in the present work in the assumptioh that once a
structural characteristic has been established, it may be taken, by
inductive inference, to be a generator of structure in any piece in
which it appears, though it may not be the predominant one. Thus
it will be seen that a relatively small set of characteristics appears
to account for those aspects of structure under consideration,
throughout a large range of superficially very different music.

In contrasting the huﬁan perception of music with the mechanistic

viewpoint required by the use of the computer, it was noted earlier that the

18. Meyer, op. cit., p.7.
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listener familiar with the style of a piece is in a position to see
musical structure as an intrinsic part of the music itself, allowing
for the possibility of structural ambiguities. This familiarity is crucial
and cannot be taken for granted.  As any teacher»of music knows, the
aufomatic response of everyone to the nuances of structure, especially
phrasing, is by no means guaranteed. This is consistent with Meyer's
argument that perception is 'an act of iearned diScrimination'.19 Yet
learnt information must be derived from somewhere and thus there must be
éeitain innate. perceptual principles from which to start the learning
process. However, the structural characteristics which will be put
forward may or may not be synonymous with these inqate principles._
It is the discrimination among notes, the ways in which certain notes
are more important than othérs for the purposes of perceiving
rhythmic structure in music, that are the concern here, ndt how
the human being comes to learn them.

The question must be raised, however; whether there is really
any such thing as musical structure or whether it is simply something
that is imposed by the culturally conditioned listener in accordance
with his individual intefpretation. Meyer sees perception and
communication as depending on 'our having learned .a musical style'20
and Lerdahl and Jackendoff describe the 'educated listenér' as 'not
necessarily a trained musician but a listener who is aurally familiar
with the musical idiom in question'-and is thereby 'able to identify
a pre&iously unknown biece,as an example of the idiom'.21 But such

statements do not necessarily imply that different musical styles

require mutually exclusive sets of perceptual preferences to

19. ibid., p.271.

20. ibid., p.274.

21. Fred Lerdahl and Ray Jackendoff, 'Toward a Formal Theory of
Tonal Music', Journal of Music Theory, 21(1977), 11l1-171
(p.111).
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interpret them. If suchvsets do overlap, it is correct to infer
that a structural characteristic is relevant wperever it appears, for
the perceptual preferences learnt in one style wiil help the listener
to understand the music of an apparently quite different idiom.

If, on the other hand, even a single structural characteristic
could be shown to have no effect on the musical structcre of a certain
style as heard by the native educatedilistener, though found in the
music concerned, the relevance of the structural characteristics,
individually and collectively, to the music from which they are
vderived in the present work would nevertheless remain unaffected;
the implications for a theory of musical cognitioﬁ and hehce musical
structure would, however, be far-reaching, establiching that the
educatedilisteners of two fundamentally diffetént cultures might
interpret each other's music in irreconcilably diffefent ways.

But while it is obvious that no two listeners focﬁs their
attention on exactly the same structures in a piece at exactly the
same time or approach the music with the same set of expectations,
such differences are not examples of irreconcilable interpretations.
It is in the nature of hierarchical structure to present different
levels of information such that the listener may alter his focus of
attention at will, as, for example, a reader‘of'ptose may obsérve
a sequence of syllables, a sequence of words, or whole clauses and
. sentences. Hierarchical groupings may be interpreted either in their
own right or in the light of the organisétion on the next or subsequent
levels. They may be perceptible without the information provided by
expectation; thus the listener's expectations afford a further way of
observing the data. These varieties of interpretation should be
distinguished from differences in the perceptible structure itself:

even with all of the relevant characteristics brought to bear on
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a passage, the discrimination of perception may not always produce
a single ‘correct’ structuré at every level; as Bernstein has'shown,
structural ambiguitiés play an important part in making music
interesting.22

With a variety of 'viewpoints' available to the listener, it is
important not to confuse these individual interpretations with the
overall hierarchical structure, ambiguous or otherwise, that they
constitute collectively. The present work is concerned with how to
derive the overall rhythmic structure that the educated listener
is most likely to be able to perceive in a paséage of music, rather
than what might be observea in a single listening. To this end d
structural.notation will be pﬁt forwérd, from whic¢h the various
possible individual interpretations may be read.

While it is possible that the theories to be presented might
form the basis of hypoﬁheses that could be tested by experimentation,
the range of'pbssibie individual interpretatidns of music seems to
indicate that, without a conception of overall structure from which
to frame suitable hypotheses, any experimental evidence on the
perception of musical structure would be either inchoate or misleading.
Such an outcome seems.likely e?en if ‘the subjects tested were all
'educated listeners', assuming that such a group of people could be
identified; if they were selected at random, tﬁe difficulties of
interpreting the results would be multiplied. For these reasons, it
does not seem appropriate at.the present stage to seek any experimental
evidence for the strﬁctural characteristics put forward. The present
work is derived from an intuitive understanding of musical structure
and accordingly must be judged, like traditional theory, by musical

commonsense and by its consistency with musical practice.

22. Leonard Bernstein, The Unanswered Question (Cambridge,
Massachusetts, 1976), pp.93-107.
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B. THREE MUSICAIL, HIERARCHIES

The previous section has used the terms 'hierarchical structure’

and 'musical structure' without any attempt to define them. The idea

of musical structure as a hierarchy appears in musical theory under

three principal headings: motivic analysis, reductional analysis, and
rhythmic structure. A brief general description of the first two of
these is now appropriate, to help to establish why the third, rhfthmic
structure, has been judged here to be the perceptual basis of the listener's
overall hierarchical organization of music. In a sense, the reasons for
choosing rhythmic structure are more appropriate as conclusions of the
present work than as premises, since only a detailed examination of what
is meant by 'rhythmic structure' can do justice to the argument., On the
other hand, in order that the bulk of the present theory should not be
seen in isolation from the wider view in which it is set, it seems
better that an outline of the relationship between rhythm and motivic
and linear analysis be given at the outset.

Motivic analysis embraces much of the nineteenth-century idea
of Form in identifying material which is repeated directly in whole
or in part or related by transformation. The usual distinction
between formal and métivic analysis is that Form is concerned with
labelling whole sections of a work and need not involve repetition,
whereas motivic analysis tends to involve a polyphonic partitioning,
not necessarily of the whole of a passage, but sufficient to identify
the material that the analyst considers most important thematically.
The analysis of Form is thus suited teo the largest-scale subdivisions
of a piece and motivic analysis to the smallest thematic cells which
may be repeated, developed, extended or otherwise transformed in

building and, at the same time, unifying a larger structure. It is
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customary for formal subdivisions to be labelled with capital letters
and motives with lower-case letters.

Motivic analysis, including Form, is hierarchical in the sense
that material may be divisible into more basic motives or a passage
may be subdivided into sections determined by similarity or deliberate
contrast.23 This places it outside the scope of the present work for
three not unrelated reasons. Firstly, the ability to judge contrast,
although intuitively obvious to the human observer, is hard to account
for objectively without perhaps having a set of quantifiable features
and some means of assessing the significénce of changes in their
values. It is not the purpose of the present work to investigate
what such features might be, although it seems doubtful that they
could reasonably be divorced from the rest of musical structure.

Secondly, motivic analysis requires an ability to judge the
significance of a proposed motive, both in relation to the passage or
work and in its intrinsic originality, and in this regard it pre-
supposes a vocabulary of transformational procedures ranked, perhaps,
according to such principles as the probability of transformation and
the ease of the listener to hear the relationship concerned. Without
such knowledge, it is too easy to assume that all material can be
related equally easily and to argue on the basis of circumstantial
evidence, for example to 'prove' that some commonplace interval is
the germ of an entire work. In these circumstances, the line between
genius of ingight and a fertile imagination is hard to draw; the

24

writings of Réti, for example, seem to tend towards the latter category.

23. A diagrammatic form of thematic hierarchy is given in
Thomas Fay, 'Perceived Hierarchic Structure in Language and
Music', Journal of Music Theory, 15(1971), 112-137 (pp.124-127).
24. Rudolph Réti, The Thematic Process in Music (London, 1961).
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Thirdly, motivic analysis presupposes some other form of musical
structure within which the motives are set. Thematic development and
repetition may contribute significantly to this form of structure, but
they are not the totality of it. Lerdahl and Jackendoff put the
matter thus:

If...[motivic] ideas were developed compositionally without
respect to context, the result would largely be chaotic;

in the work of sophisticated composers, they often seem

to be inextricably bound up with context. It would be

pointless to discuss them without first evolv&gg a theory
of the structures in which they are embedded.

It is not surprising, then, that Smoliar, after isolating the
thematic process in Bach's Two-part Invention in D minor and
substitutihg new themes, generates a successful new piece only because
in his own words, 'these [themes] do not deviate from the originals
very radically.'26 Motivic development is not a proven necessity in
musical structure, although its long-standing and obvious presence in
Western music suggests something of greater importance than a mere
stylistic tendency. Nevertheless, the structure of motivic development
may be regarded as extrinsic to the musical structure that it pre-
supposes, though not independent of it.

It should be noted that the computer can perform a type of
motivic analysis that mostiy disregards hierarchical structure.
Searching for the repetition of any sequence of symbols is a simple
and common application of its capacity to compare information, which
has been made particularly easy in such high-level programming
languages as COBOL and SNOBOL. Similarity of a kind can be examined
if one considers striﬁgs with one or more elements different or

omitted. The possible combinations of similarity or difference may

25, Lerdahl and Jackendoff, op. cit., p.l162.

26. S.W. Smoliar, 'Process Structuring and Music Theory',
Journal of Music Theory, 18(1974), 308-336 (pp.319-332,
p.324).
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be governed by the set of binary numbers with, say, 1l representing
an element that is the same and 0 standing for one that is different
or missed out. There is no doubt that a method s wh as this can
reveal many similarities of style to the analyst, provided that he
examines his output with musical commonsense. But its notion of
similarity is not based on recognized musical relationships, that is,
on explicit or intuitively understood transformations. Thﬁs the
sequence of Example 1/la would be found in Example 1/1b either by
chance or systematic examination of all combinations, rather than
by deliberate selection, and would be of no greater significance to
the computer than the sequence of Example 1/lc.

Transformation is one of the key constituents of the second type of
hierarchy, reduction, which is inevitably associated with the technique of
linear analysis first put forward by Schenker.27 Schenker conceived of
tonal music as a hierarchy of structural levels (Schichten), the most
fundamental, or background, of which (the Ursatz) is the simple cadential

AN ALY
progression%i 5 i%. (The Arabic numerals represent scale steps.) Each
subsequent level is an elaboration of the previous one, resulting

in a 'composing out' (Auskomponierung) from the most background levels,

through those of the middleground, to the foreground structure, which

is the composition. itself. The technique deals exclusively with
pitch, duration values being included only in the foreground diagrams.
Seen in re werse, the analysis is reductional, a progressive filtering
out of pitches in re wrse order of their importance to the overall
tonal structure. Conversely, pitches are seen as prolongued from

the background to the foreground. In Schenker's notation, the

various hierarchical levels are, for convenience, usually condensed

27. See especially Heinrich Schenker, Neue musikalischen Theorien
und Phantasien, III, Der Freie Satz (Vienna, 1935), translated
and edited by Ernst Oster as Free Composition (New York and
London, 1979); see also David Beach, 'A Schenker Bibliography',
Journal of Music Theory, 13 (1967), 2-37.
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into three diagrams, or graphs, representing the background,
middleground, and foreground levels. 1In this amalgamation of levels,
pitches are distinguished in rank by the use of duration symbols
adapted from musical notation, including unstemmed black notes for
the lowest level, and by employing beams and slurs to denote
structurally important remote connections.28

Although the ideas of linear analysis are well known and have
been widely followed, they have not yet gained universal acceptance.
The musical relevance of elaboration is, however, undeniable and is
clearly demonstrated in an example which Schenker himself analyzes
(Example 1/2).29 It is also related to the technique of variation,
as Forte has pointed out: 'By means of variation techniques a basic
structure becomes more elaboréte, in terms of increasing number and
variety of melodic-rhythmic events. Reduction accomplishes the
teverse.'BO In a Theme and Variations, the elaboration is not
necessarily of the theme (and Forte does not suggest that it is).
The theme is certainly transformed in the variations and elaboration
is also usual, but the important principle is that in all examples of
the form, it should be possible to find by reduction the basic
material from which the theme and the variations are all descended
by elaboration or other transformations. 1In this regard, Schenker's
analysis of the theme from Mozart's Sonata in A major, K.331, first
movement, is also found to be a reduction of each variation except
the third, for which only the transformation from major to minbr mode
is requiréd.3l Whether or not it is the most appropriate reduction

is, of course, a separate matter.

28. A detailed description of the notation of linear analysis is
given in 'A Glossary of the Elements of Graphic Analysis',
The Music Porum, 1 (1967), 260-268,

29. Schenker, Der Freie Satz, op. cit., Anhang, p.71.

30. Allen Forte, 'Schenker's Conception of Musical Structure',
Journal of Music Theory, 3 (1959), 1-30(p.14).

31, Schenker, ibid, p.119.
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Any concept of elaboration or redu¢tion présdpposes not 6nly a
‘éet»of transformationai procedureé and Ehe_ability to select fhe.
appropriatevtransformations at each stage of analyéis, bu£ also some
criteria by whiéh the.producté of éuch transfgrm%ﬁions may be judged.
It is usual for those who practise'or write abqut liﬁear analysié to
assume that thesevpreéﬁppositions, which have only been satisfied
intuiﬁivély to'date, conform td the principles of tonality,vbut this
phrase requires some gualification. Leaving a;ide the question of
‘how appropriate it is for linear ahalysis té be aéplied to atonal
,mﬁsic and restricting the nqtion'of ténality,to music ﬁhat appearsk
'  to fit the diatonic key system, theré.are fhree senses in which
such 'principles of tonality' might be understood: they’might be
the products of characferistics directly.visibie'in the score, of
learnt preferences, or.of some predetermined system. H

.The principles of harmony which Rameau and others derived from
the Harmoniq Series belong to the‘third categéry} While these
theorists produced much of the acceptedmodelof the key system, their
largely vertical tréatmentvof harmony failéd‘fo secure the criteria'
for aﬁsolute consonance and dissonance which they sought., It has.’
_'always.been'understood that any concept of triadic tpnality must be
able to account for the ability to identify_paSsing notes and fhe
resolution of dissonance and; to the'extent that it ié qapable of
’this,vtraditional-harmonic theory is successful. .Rameau's médel of -
the key system also implies the hierarchical ranking of triads and
keys with respec£ to.a Qiyen tqnic, which is' an extension of the
__distinction betwéeh consonance énd dissonance. |

One of Scﬁenkér's majér contributioﬁs té ténal theofy was to
appreciate‘Ehebsignificancg df lineérly'as'wéll as vertically.asse;ted :7'

tonics to the recognition of relative consonance and dissonance and
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to the relative importance of the various triads in a piece. The
necessity of linear relationships to a concept of tonality has led
Komar to reconsider in Schenkerian terms the recognition of relative
consonance and dissonance as it applies to suspensions.32 The
importance of establishing the owerall tonal context is seen in his
example of a 'consonant suspension' (Example 1/3),33 in which, if
the final were the overall tonic, the following E} (6) would be the
elaboration or 'dissonance'; but since E} is the tonic, it resolves
the leading-note D, even though the latter is harmonized as a
consonance.

Thus Schenker's system is linear in the sense that the hier-
archical reduction of pitches is made initially in relation to any
local, or secondary, tonic which may be embedded in the overall tonal
structure, and ultimately to the tonic of the overall key, which is
determined by the final cadence. It is also linear in aiming to
follow the voice-leading principles of strict counterpoint to preserve
a melodically intelligible succession of pitches at each level. In
accordance with this aim, the basic melodic line (Urlinie) of the
fundamental structure (Ursatz) invariably descends by step from
scale~-steps 3, g, or @ to the tonic, ﬁ.

But while the hierarchical nesting of keys and its derivative,
the notion of secondary dominants, have become accepted aspects of
tonal analysis, the inevitable linear descent of the Urlinie is far
from uncontroversial. All too often it seems to be a predetermined

notion, a structure towards which the reduction proceeds by design,

32. Arthur J. Komar, Theory of Suspensions (Princeton, New
Jersey, 1971).
33 ibid., p.84.
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rather than the final product of a series of explicit transformations
each seen to be the most appropriate in context. The descent from 3 to‘?
is by no means the only way to terminate a melodic line in tonal music
and one of the stock cadential formulae of the Renaissance (Example 1/4)
is sufficient to deny the suggestion that it ever was and to reaffirm the
importance of the ascending semitone as a potential leading-note, that is,
as a means of defining a tonic linearly. If it should be argued that
Renaissance music is outside the scope of Schenkerian theory, it is not
hard to find an example from the period of 'common practice' in harmony,
in which the leading-note to tonic progression unequivocally announces
the final cadence (Example 1/5).

An extended attack on the wisdom of reduction by tonal harmonic and
linear voice-leading preferences alone has been made by Narmour,34 who puts
forward an 'implication-realization model' for reduction, based on Meyer's
concept that certain pitches imply certain subsequent pitches and that these
implications may or may not be fulfilled.35 Essential to this approach is
the role of expectation, which is beyond the scope of the present enquiry,
as it presupposes not only the perception of metre and phrasing, but alsc
a prior knowledge of the musical style in question. While Meyer and
Narmour are right to counter the notion that pitch functions only in
relation to its tonal interpretation, the hierarchical ranking of pitches
by this criterion, which Schenkerian reduction involves, can nevertheless
reveal important 'deep structures' (to borrow the linguistic term) that
are embedded within tonal music.

While the correctness of the Ursatz is not beyond question, to take
sides on this matter would not be appropriate here: it would demand a critical
appraisal of every aspect of Schenker's theory such as would not be
satisfactory without attempting to construct a method of reductional analysis

34. Eugene Narmour, Beyond Schenkerism: The Need for Alternatives in

Music Analysis (Chicage and London, 1977).
35. Leonard B. Meyer, Explaining Music (Berkeley, California, 1973),pp.131-241,
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based on explicit rather than intuitive transformations. It should be
stressed that this would be a method of reduction, not prolongation: the
latter only follows from a predetermined Ursatz which must itself be seen to
follow from accepted principles of reduction if it is not to seem a
fabrication of Schenker's imagination. Schenker's own analyses would
provide an acceptable basis for deriving explicit reduction procedures if
the correctness of the choices at each level were intuitively obvious to
anyone familiar with tonal music and the theory could satisfactorily counter
any serious criticism. But one crucial criticism persists, namely that
Schenker failed to accord rhythm its rightful place in musical structure.
For example, Rosen questions the idea that a 'composition [is] conceived
only in linear terms, mostly, indeed, as a pure arrangement of pitches
without regard to rhythm, intensity and texture...Our hearing is not
exclusively linear - nor is it desirable that it should be'.36 But Rosen
also laments the dearth of a suitable vocabulary for rhythm, a factor that
presently curtails and confuses any reasoned attempts at an examination of
the relationship between rhythm and linear analysis.37

The synonymity in popular parlance of 'rhythm' with 'duration' is
respongible for much of the confusion. For example, Schachter challenges
a further comment of Rosen's that tonal elements should not be separated from
rhythmic contour, by citing two related themes from Bach's 'Musical Offering',
which, although tonally equivalent, are seen by him as having altogether
different rhythmic countours (Example 1/6).38 However, according to the
theory that will be put forward in the present work, the themes have much
the same rhythmic structure at a higher level of organisation, though hardly

any identical duration values at the foreground level. Whether 'rhythmic

structure' or 'duration' are synonymous with either Rosen or Schachter's

3%. Charles Rosen, The Classical Style (London, 1971), p.46.

37. ibid., p.36.

38. Carl Schachter, 'Rhythm and Linear Analysis', The Music
Forum, 4 (1976), 281-334 (pp.283-4).
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idea of 'rhythmic countour', one cannot be sure: this itself is indicative
of the confusion in rhythmic terminology. Likewise, one cannot interpret
with any certainty Schenker's own statement that 'in the fundamental
structure rhythm exists no more than it does in a cantus firmus exercise',39
though it presumably refers to durational values rather than to any wider
concept of temporal design.

Whether Schenker should have paid more attention to rhythm or not, he
chose to develop our understanding of the tonal ranking of pitches and
harmonies without pursuing the fact that the foreground was itself already
hierarchically structured in the form summarized by Cooper and Meyer as
follows: 'Just as letters are combined into words, words into sentences,
sentences into paragraphs, and so on, so in music individual tones become
grouped into motives, motives into phrases, phrases into periods, etc.'40

Despite any ambiguities of vocabulary, it is this third form of hierarchy

that is appropriately understood by the term rhythmic structure, because it

describes the flow of musical ideas as directly perceived by the listener,
dependent though it may often be on tonal interpretation, linear and vertical.
Rhythmic structure is hierarchical in two senses: through metre
and phrasing. Although, in theory, music need not be phrased,
phrasing arises of necessity in song from the need to breathe and,
perhaps because of this, it is undoubtedly a universal feature of
music. On the other hand, music need not be organised metrically,
either in regular or irregular metre. Thus, several authdrs, for
41 . 42 43 .
example Zuckerkandl, Piston, and Cooper and Meyer, write of
the independence of rhythm and metre by referring to rhythmically
free and flexible music like Gregorian chant or recitative. Their
view is not necessarily inconsistent with the present one, which is
39. Schenker, Der Freie Satz, op. cit., p.45; see also Forte, op. cit., p.Z20,
40. Cooper and Meyer, op. cit., p.2.
41. victor Zuckerkandl, Sound and Symbol, translated by Willard R. Task

(London, 1956), pp.158,170.
42. Walter Piston, Harmony, revised by Mark DeVoto_(London, 1978) , p.199.

43. Cooper and Meyer, op. c¢it., p.6.
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that in metrical music, metre and phrasing produce a combined rhythmic
structure. On the one hand, phrasing is independent of metre in that
a phrase need neither begin on the first note nor end on the last note
of a metrical unit. On the other hand, a sequence of phrases does not
indicate any higher level of grouping (except that‘of the whole
sequence) without some.positive reason to make such a grouping. By
providing a hierarchy of connected time-points, metre joins phrases

to férm new phrases on a larger scale, or higher level, Thus, in
Example 1/7, there are not simply four two-bar phrases (level b),

but a metrical mental connection between the beginning of bar 1 .and
the beginning of bar 5, caused by repetition, groups these into two
four-bar phrases (level c¢)-and joins them into oﬁe eight—Bar phrase
(level 4d).

That a unified notion of phrasing and metre is commonplace can
also Be seen in the description of a phrase as being of so many beats
or bars in length. In Example 1/8, the brackeﬁed phrase gréuping not
only delineates a pattern of higher—levél timelengths measured in
dotted-crotchet beats, but these timelengths are metrical timelengthé,
each beginning on the point of metrical accentuation nearest to the
start of the phrase, rather than on the first note of the phrase
itself, as the alignment in Example 1/8 shows. Phrases, then, are
heard in relation to any metrical scheme in which they may be set.

The present approach stems largely from the'féct that rhythm is
not a single parameter that can be seen in isolation from the rest
of music. Certainly, duration, in the sense of discrete units of
time between attacks, can exist on its own without specific pitch,
on so—~called 'unpitched' instruments, whereas pitch éannot exist
outside time, and it may be because of this distinctiqn that.duration

has traditionally been regarded as the basis of rhythm. But however
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important duration (in the above sense) can be to rhythm, it is
not an indispensable parameter of music, for example in electronic
music, where attack can be as gradual as decay.

By contrast, rhythm, in its broadest definition as the
articulation of pitch through time, is as essential to music as
time itself. Pitch content is rhythmically articulated by
duration, dynamics, and timbre, but these come to be articulated in
their own right. Hence the nature of rhythmic articulation is such
that differentiation in the four parameters of pitch, duration,
dynamics, and timbre, plus the configuration of musical lines in a
passage, with its harmonic and durational properties, result in a
foreground rhythmic mixture which in most music is perceived, at
least to some extent, as hierarchically structured in the form of
metre and phrasing.

There are already two links here between rhythm and perception.
Firstly, the recognition of distinct musical lines is a matter of
perceptual grouping resulting mainly from the proximity or otherwise
of pitch, duration, and timbre. Secondly, the various means of
differentiation, in causing certain notes to be grouped together or
highlighted relative to others, may be seen as an act of dis-
crimination, or perceptual preference, on the part of the listener.
It is these means of differentiation that will be termed 'structural
characteristics', while the term 'structuralbaccent' will refer to
the relative importance that a certain characteristic conferé on a
note or chord.

The term 'structural accent' is similar in meaning to the
general sense of accent mentioned by Cooper and Meyer, who define
'accent' as 'a stimulus...which is marked for consciousness in

some way' and warn against its confusion with dynamic intensification,
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or stress, which is only one kind of accent:44 A concept of
accentuation wider than dynamics can be traced back at least to
Riemann, who introduced the term 'agogics' and 'agogic accent'

to refer to the slight lengthening of notes and fluctuations of

tempo that are essential to avoid an unmusical, machine-like
performance. He reasoned that organists must use agogics, in the
absence of dynamics, to communicate a metrical and phrase structure.45
Seve;al writers have included under 'agogics' the emphasis of a

relatively long notated duration46 and used the term 'tonic accent'

to describe the accentual quality of the peak of a melodic curve.47

Cooper and Meyer note that 'such factors as duration, intensity,
melodic countour, [and] regularity' contribute to the overall
impression of accent, but they do not attempt to distinguish further

types of accent, believing instead that the causes of accentuation

are beyond the scope of present knowledge.48

The present view is that a finite set of structural character-
istics must exist, can be identified and, within certain limitations,
can be shown to be responsible for the generation of metre and phrasing
in data that can otherwise be regarded as unstructured, or uninter-

preted.49 These characteristics may be either temporally congruent

44, ibid., p.8.

45, Hugo Riemann, Musikalische Dynamik und Agogik (Hamburg,
1884), pp.9,11,31. : ‘

46, Six are mentioned in Howard E. Smither, 'The Rhythmic Analysis
of 20th-Century Music', Journal of Music Theory, 8 (1964L
55-88 (p.86) . '

47. See, for example, Grosvenor Cooper, 'Accent' and 'Tonic Accent'’,
in Willi Apel et al, Harvard Dictionary of Music, revised
second edition (London, 1970), pp.24,857.

48. Cooper and Meyer, op. cit., p.7.

49, 'Uninterpreted' refers to cognitive interpretation; see
Maury Yeston, The Stratification of Musical Rhythm (New
Haven, Connecticut, 1976), pp.35-36. In the present work,
the term 'unstructured' similarly means 'structurally
uninterpreted', but avoids confusion with the
'interpretation' of musical performance.
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or incongruent, that is, they may select either the same or

different notes or chords as marking the beginnings of metrical

units and the ends of phrases. If incongruent, further perceptual
preference is required between the various characteristics or sets

of characteristics and for this to be possible it seems reasonable to
assume that the characteristics themselves, independently of context,
are not of equal importance and may be ranked accordingly. Thus, in
Example 1/8, there are tonal characteristics which might have produced
the metre of Example 1/9, were they not weaker than, and surpassed by,
those of duration. If two or more incongruent structures are equally
likely, a structural ambiguity results.

If music is to be regarded as neceséarily rhythmic, then there
must be a sense in which harmonic and linear analysis are also
rhythmically structured. This conclusion is reached by Boretz50 and
Schaghter,51 the latter of whom puts forward the idea of what he calls
'tonal rhythm', acknowledging Zuckerkandl as an earlier exponent of the
idea.52 Schachter sees the hierarchical ranking of tonal elements as
providing a difference in emphasis which is as rightly called rhythmic
as any other form of differentiation. Thus, Schenker's Urzatz may be
characterized as 'strong—weak-—strong'53 and, in Example 1/10, 'the
members of the tonic chord function as stable elements in contrast
to the other "dissonant" tones'.54 A similar idea is put forward
by Fay, whose self-explanatory hierarchical representation (Example
1/11) demonstrates that the basis of tonal rhythm is the sounded

or implied harmonic interpretation of a melodic line.55

50. Benjamin Boretz, 'In Quest of the Rhythmic Genius',
Perspectives of New Music,9 (1971), 149-155 (pp.153-154).

51. Schachter, op. cit., pp.313-315.

52. Zuckerkandl, op. cit., pp.l00-104.

53. Schachter, op. cit., p.317

54. ibid., p.315,

55. Fay, op. cit., pp.128-9.
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While the concept of tonal differentiation is not at all new,
being of the essence of tonal reductional technique, of the
evaluation of key structure, and of the distinction between
consonance and dissonance, its inclusion as part of ‘rhythm' has
important implications for the latter, in suggesting a trans-
formation of rhythmic structures Between the foreground structure
and the reductions of a tonal composition. In the background
structures tonal rhythm will predominate; in the foreground rhythmic
structure, however, it must take its place alongside all other rhythmic
forces and it is clear that it does not always determine the prevailing
metre, for example in the 'feminine ending'. The main purpose of the
present work, however, is to consider what structural characteristics
and perceptual preferences will give rise to the foreground rhythmic
structure. If it can be shown that it is this structure which is
the product of all the rhythmic influences that the composer presents
and if our analytical standpoint is that o f the listener, then any
reductional transformations must ordinarily be seen as inferred from
the foreground rhythmic structure, not the reverse. Yet, bearing
in mind that tonal rhythm will largely determine the pitch content
of more background structufes, this view requires some qualification,
as follqws.

Certain tonal preferences seem to have no other basis than
familiarity and‘may be taken to have been learned through the
continual assertion of various associations in the foreground rhythm.
For example, familiarity with certain pitch sets as harmony permits
their recognition in a melodic context as the harmonic basis of the

melody (Example 1/10). Once such preferences are learnt, however,
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they operate much like any other structural characteristic in
helping to determine the prevailing foreground hierarchy. 1If the
tonal preferences are temporally congruent with other structural
characteristics that could determine the prevailing foreground
rhythmic structure in their own right, it makes little difference
whether the tonal preferences are known or not. They will be
highlighted by the prevailing foreground rhythm and, if already
known, the knowledge will be reinforced; if not, each such instance
will contribute towards their being learnt as preferences in their
own right.

In any other circumstances, however, the tonal preferences can
hardly be said to be inferred from the foreground rhythm. There are
two sets of such circumstances: (a) The tonal preferences, whether
known or unknown, are temporally incongruent with phe characteristics
that determine the prevailing metre and phrasing. Thus the fore-
ground rhythm will highlight alternative pitches which, if constantly
favoured, might form learnt preferences in their own right. (b) The
tonal preferences determine the prevailing metre and phrasing, but,
if they were unknown, another characteristic or set of characteristics
(with which the tonal preferences will be temporally incongruent)
would do so. In this case, it would be a circular argument to say
that the importance of certain pitches both determined and was
determined by the foreground rhythm, as Yeston has pointed out.56

Although tonal preferences will largely match the pitch content
of any middleground and background structures in circumstances (a)
and (b) above, it is still valid to speak of such structures as
reductional transformations of the foreground since, if they are to

be regarded as more than mere successiong of pitches and chords, they

56. Yeston, op. cit., p.76.
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will only be determinable as rhythmic structures once the relevant
influences from the foreground, principally metre and phrasing, have
been established. Furthermore, it is not circular reasoning to
confer a certain equivalence on notes or chords placed in rhythmically
similar positions in the foreground, however those places have been
determined. If this sometimes causes tonal preferences in effect to
highlight themselves, nothing is gained or lost.

The fact that tonality does not seem fo be wholly derived from
context-free sources is a prime reason for considering rhythm as
the basis of musical structure. If there is only a limited sense of
tonality in the first instance, learnt tonal preferences can hardly
be derived from the same background that depends on them for its
content unless it is otherwise inferable from the foreground. Thus,
unless such preferences are generated independently of context, they
may be taken to be derived from foreground rhythmic structure. This
throws some doubt on the idea of analyzing the foreground of a tonal
composition as a transformation of more background structures. For
example, Komar treats suspensions and accented dissonances as rhythmic
displacements of more basic structures existing on 'prior’ 1evels.57
Yet, while a composer might choose to think of some basic structure
before considering how to elaborate it, from the listener's standpoint
it first has to be inferred by learnt preference, or otherwise, from
the foreground.

More doubtful still is the notion that rhythm itself is dependent

58 . . , .
on tonality. However important an understanding of diatonic harmony

57. Komar, op._cit., pp.12,22.
58. Schachter, op. cit., p.289.
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may be to the most probable rhythmic interpretation of many tonal
compositions, such an idea must be invalidated by the dissipation
and disappearance of tonal preference in twentieth-century music.

The reverse is much more likely: that an analysis of atonal rhythmic
structures will reveal ways in which the twelve tones are not as
equal as they might at first appear.

The question of tonality will be approached from three different
angles in the present work. Firstly, it will be necessary to treat
certain learnt tonal preferences in the same manner as other structural
characteristics, even though the learning process that gives rise to
them remains unknown. The aim is to show the contribution of these
preferences to the generation of metre and phrasing and to consider their
relationship to other sfructural characteristics in this respect.
Secondly, some attention will be given to how pitches may be related
tonally, independently of context. Here the generator of tonality
is the Harmonic Series. Thirdly, consideration will be given to how
the foreground rhythmic structure, as understood without the effect
of learnt tonal preferences, might contribute to a sense of tonality.
Particularly important here, and already a well-known idea, is the
tonal effect of cadence. The possibility that partially understood
rhythmic structures might not be consistent with the tonal structure
as we instinctively understand it does neot invalidate this approach:
it is quite normal for different structural characteristics to be
incongruent and a similar incongruence between learnt tonal
preferences and any tonal structures suggested by the othér
structural characteristics is to be expected in certain cases.

A fundamental tenet of the present approach is that those

structural characteristics which do not predominate in the formation
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of the prevailing metre and phrasing are not lost, but are

retained in a subsidiary role. The notion of cross-rhythms, which
are often produced by such incongruence between characteristics,

is possibly as old as music itself, since only the most regular
march-like music is likely to avoid the interplay of rhythmic influences
that makes music interesting. The importance of incongruence between
durational and tonal rhythm has been recognized by Schachter,59 and
the relevance of subsidiary characteristics in general is not only
enshrined in the very name 'cross-rhythm', but is especially evident
when the incongruence is produced by the counterpoint of two musical
lines whose distinctiveness is beyond dispute.

Except where there is structural ambiguity, there can be no
doubt that off-beat structural accents are heard in relation to
whatever metrical structure is established and that the question of
which characteristics predominate and which are subordinate is
crucial to the character of music, as Examples 1/8 and 1/9 show.

A major feature of the analytical technique of Yeston is to

represent the connections between the structural accents of a
characteristic (the characteristics usually being selected intuitively)
as durations on a higher level,60 a reductional interpretation which
is intended to produce an intelligible succession of pitches. The
reductional transformation from the higher-level timelengths of metre
to single durations is a fairly obvious possibility and Yeston has
simply extended this notion to include the higher-level timelengths
between the structural accents of subsidiary characteristics (Example

1/12). 1In his belief that this procedure reveals the middleground

59 . ibid., pp.324-332.
60 . Yeston, op. cit., pp.68-118.
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strata from which the foreground rhythmic structure is compounded,
Yeston fails to distinguish sufficiently in importance between those
connections which are and those which are not responsible for the
higher-level timelengths of the prevailing metre.

If Yeston's approach undervalues the importance of the
perceptual preferences between structural characteristics by making
his strata seem equally important, the extension of his ideas by
Smith bypasses altogether the preferential basis of the structural
characteristics themselves, by considering as potential higher-level
durations connections which are purely arbitrary, thereby treating
notes which are highlighted in no way at all as rhythmically
equivalent to those which receive relative emphasis.6l

Such a viewpoint is not only the antithesis of the present
approach, but seems to be fundamentally inconsistent with the nature
of perception in general. Smith's structures are certainly not a
matter of structural ambiguity or of individual interpretation, for
which hierarchical structure by its nature gives plenty of scope,
but seem, rather, to be an exbression of the observer's right to look
at something in any way he can imagine, as in the following two
examples. In natural language, the sentence 'this drew attention
to him' could be misconstrued by ignoring semantic conventions and
trying to reconstruct its meaning as if the word 'drew' had an
artistic connotation. In visual interpretation, one could imagine
that a picture on a wall was nothing more than a variation in the

wallpaper design.

61. Charles J. Smith, 'Rhythm Restratified', Perspectives
of New Music, 16(1977), 144-176 (pp.158-9).
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Such exotic interpretations, however possible, are not very
helpful to comprehension. In those fields where the sense of
meaning depends on perceptual organization, the distinction between
what one can and what one is most likely to perceive is crucial to
making sense of the subject matter, of establishing any common ground
and hence commwnication between observers. Indeed, two examples of
visual perception indicate that perceptual norms can be powerful
enough to lead to interpretations which are physically impossible.
One is the 'distorted room', in which the image of an apparently
rectangular room is used to suggest that a midget is standing in one
corner of the room and a giant in another.62 The second example is
the phenomenon of subjective contours, in which certain incomplete
geometrical figures have their outline completed by the mind, even
if this leads to the figure being seen against a background of
identical colour and appeéring, for example, whiter than-white.63
According to Meyer-Eppler, for communication to occur in music 'the
composer's inventory of forms and structures mist coincide with that
of the listener to a certain degree'.64 If this is so, the'relevance
to musical understanding of establishing the perceptual preferences
which will accownt for small-scale form and structure can hardly be
in doubt; if it is rhythmic structure that such preferences generate,
then the perception of rhythmic structure must lie at the heart of

musical cognition.

62. See, for example, Paul J. Barber and David Legge, Perception
and Information (London, 1976), p.l120 and cover photograph.

63. Gaetano Kanizsa, 'Subjective Contours', Scientific American,
234 (1976), 48-52.

64, Werner Meyer-Eppler, 'Musical Communication as a Problem of
Information Theory', Die Reihe, 8(1968), 7-10(p.l0).
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. .C. ASSUMPTIONS, LIMITATIONS, AND DEFINITIONS

In order to keep the present investigation of rhythmic structure
within the bounds of practicality, certain limitatioﬁs and assumptions are
required. Most of these are concerned with the types of data under
consideration, which impose defined limits on the range of music to which
the present theory can be applied. While the preseht analYtical standpoint
is nominally that of the listener, an attempt to.explain every aspect of
the musical cognition of an auditory signal would detract from the purpose
of the present work. Key experiments in the perception of pitch and
durationare still being undertaken, and our present understanding of pattern
recognition is not sufficiently advanced even to extract individual parts
from the recorded signal of a compound instrumental texture. Musical
analysis is traditionally based on the score, but the score does not
simply bypass questions of psychoacoustics; rather, it presents a variety
of information from the acoustically interpreted to the structurally
interpreted, with a bias towards providing a set bf'practical instructions
for the performer rather than a definitive set of data for the analyst.
Thus it is necessary to decidewhich aspects of the score are suitable as
initial data for present purposes.

The present work is restricted to music compbsed of notes, where
'note' is defined as é discrete unit éf duration and pitch, with optional

designations of instrumentation, dynamic accentuation, and articulation

(slur, staccato, or tenuto). Portamento, vibrato,and spunds which do not.
begin with a definite attack are beyond the scope of this study.

The perceptual organization of music into séparate melodic lines,
where relevant, is largely presupposed in the present work, as is the
distinction of the principal melody line (or lines) from the accompaniment.

Timbre is the basis for much of linear organization, but where there is
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insufficient timbral distinction, notes are connected melodically
according to proximity of attack and pitch: the next available attack
often determines the next note in a line, but proximity of pitch
prevails over this factor if voices would otherwise overlap or if the
melodic interval to the next attack is too great compared with a later
note of closer pitch. But the phrase grouping of durations by proximity
of attack also exercises a powerful influence on linear perception and
since such grouping is one aspect of the present study, a complete
account of the perception of melodic lines cannot precede the study.

The melody line is variously the highest or loudest line or that
with the fastest rate of melodic change, but it may stand out because
of thematic distinctiveness, a factor which cannot be programmed for
computer without considerable knowledge about the human evaluation of
musical content and structure. Thus it seems that the perception of
individual lines and of the melddy line, on the one hand, and the
perception of rhythmic structure, on the other, are not entirely
independent processés; nevertheless they will be treated as such, and
the trained musician's ability to make linear judgements (in the
hearing, reading, and encoding of scores) taken for granted, in order
to aid the investigation of thé characteristics to be presented.

Since the point of final decay of a single note's 'sound envelope'
is seldom as easily identifiable as that of its attack, the length of
a duration is normally determined by the onset of the next attack in
the same line. The timelength between two attacks will be termed an

65
attack interval, following Hiller and Fuller. The concept of an

attack interval as a duration confers equivalence on such diversely
notated entities as J ' ‘J ,ol} P andﬁ}, by subsuming under a single

timelength both the sounded notelength, which may be ill-defined,

65. Lejaren A. Hiller and Ramon Fuller, 'Structure and Information
in Webern's Symphonie, Op.21', Journal of Music Theory,
11(1967), 60-115(p.94).
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and any silence following it. Differences in sounded notelength will
be taken to be an aspect of articulation. The attack interval becomes
an unsuitable determinant of duration when its own relevance is in
doubt, that is, when a mental connection between the two attacks
concerned is not as likely as one between an alternative palr of
attacks. This matter is an aspect of perceptual grouping into musical
lines. Under certain circumstances, rests are not subsumed within the
timelength of the sounded notelength which precedes them, but are
perceived as durations with no pitch. These will be termed structural
rests .

Clearly, the final duration of a line cannot be determined by an
attack interval. " If two similarly damped notes are sounded in
modérately close succession (within the metronome's range of values),
the second note is heard to have a duration at least as long as that
of the first. This is because our perception of duration as proportional
(see below) requires that the first attack interval be used as an initial
unit of measurement. Hence, a third attack is predicted after a second
attack interval equal in length to thé first (Example 1/13). Yet
whether the second duration will be heard as equal to or longer than the
first seems to depend on tempo. Between aboutMM4b 1o 80, the two notes
seem to have equal length, but at a faster rate of succession our
subconscious measurement of time aépears to register more than one unit
of the initial attack interval beyond the second attack, thus making the
second note appear longer,}as in Example 1/14.

Despite the above, it would not be true to say simply that the
final duration in a passage is always about the same length as the
preceding one, since such durations may also have to be seen within
a metrical context. Nevertheless, the reverse is also the case: the
expected repetition of an attack interval has important implications

for metre, as will be considered later.
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While the word 'duration', in non-musical usage, simply refers to

a length of time, its meaning here will be restricted to the timelength

of a note as heard proportionally. The terms real time and real timelength

will refer to the sense of absolute time, as measured in minutes, seconds,
and so forth. The term timelength, without the prefix 'real', will thus
refer to the proportional sense ofbtine in music. Since we do not operate
s topwatches when listening, prqportion_is our only means of relating real
timelengths to one another. Thus the real timeléngth between the first
and second attacks of a piece constitutes by definition an initial unitary
timelength against which the second duration is measured. Although the-
human listener may perceive duration as the subdivision of a régular beat,
if one is available, the timelength of a duration will here be expressed as

the smallest possible whole number such that all durations in a given

sequence of durations, oxr duration string, are valued in proportion to
each other. The unitary timelength 1 will normaliylbe that of the smallest
duration in a passage, but it may be smaller, as in Examplé 1/15.

The idea of duration as proportional, which is.embodied in standard
musical notation, assumes é certain degree of aural rationalization for
the purposes of understanding the intended structure; ‘th only would it
be virtually impossible for a performer to execute the written proportions
with mathematical exactitude, but such a performance Qould probably sound
dull, leaving no room for the variations of reai timelength and tempo that
are commonly understood to enhance musical éxpression. Conversely, such
agogic variations can be expected to produce real timelengths that it
would be extremely hard for the listener to quantify as exact proportions.

It will be assumed here that the scofe-repreéents durations in the
proportions that the mind is most likely to rationalize them, although it

has to be acknowledged that it is possible to notate durations which would
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be difficult to perceive as writtenf For example,q{:r!;; represents

the proportion 13:5 (421), yet, rather than subconsciously count

13 and 5 units, it seems more likely that the listenér.would hear the
much simpler proportion 12:6 in its reduced form 2:l.> On the other

hand, the proportion 13:5 is quite easily heard if accompanied by
durations of the ﬁnitary timelength, as in Example 1/16. In certain
cases, then, it might be unwise to use notated durations as data‘without
first having an experimentally tested theory of the process of rational-
ization., It is not anticipated, howeve;, that such cases will arise very
often in Western music before 1950 and, in mﬁsic since that aate, it could
be argued that the ambiguities are intentional.

In the present work, it will be sufficient for most purposes to
assume that the pitch notation in the score_represents what is perceived.
At the same time, however, the twelve-tone chromatic scale will be
regarded as the universal pitch set of Western muéic, the superset of
all scales, modes, and harmonies, and as an initial»meanS'of unifying
modality, the key system, twentieth~century tonality, and twelve-tone
atoﬁality under a common theory. The numerical_fepfesentation of the
twelve-tone scale will follow convention in numbering pitch-classes from
C to B as 00 to 11, while octaves will be numbered éuch that Middle C-
begins the fourth octave and the lowest sounding C (32.7 Hz.) begins the
first. In this system, pitch is represented as an ocfave/pitch-class
number-pair; for example, Middle C is 400.

To talk of perceived pitch or pitch-class as an absolute quality
is to exclude the majority of educated and uneducéted listeners alike, aﬁd-
even among those who possess so-called 'perfect pitch' there are preshmably
very few who can hear with the accuracy of a frequency counter. Yet the

average awareness of absolute pitch is not so impoverished that to study
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melody and harmony from a purely intervallic point of view would be a
satisfactory alternative. For example, despite the importance of octave
equivalence (and hence interval-class), not all transpositions of a chord
are musically equivalent, probably because subdivisions of the octave have
a progressively lesser density of frequency from the lower to the upper
end_of the pitch spectrum. Furthermore, to reduce all pre-twentieth
century pieces to the same key would be to ignore the key relationships
between pieces and that inténgible quality of a key that some have tried
to describe in terms of colour. Thus the identification of specific
pitches and pitch—élasses is not irrelevant to melodic and harmonic analysis,
even though it does not necessarily refer to absdlute frequency.

While it is unlikely that tonal muéic is, or ever was, perceived
in twelve-tone terms, the musical letter-names for pitch carry a certain
~amount of tonal information which the twelve-tone scale lacks and which
must be deduced by the listener, whether aided by past experience or not.
For this reason, the pitch input to the cognitive process will be regarded
as being composed of members of the twelve-tone scale, whether the music
is performed with strict equal‘tempefament or not. The tonal inter-
pretation of a twelve—~tone input will be considered in Chapter 4, Section E.
The use of the twelve-~tone scale as a theoretical construction does not
presuppose equal~tempered performance, because of the same human tolerance
of pitch and intervallic.approximation that is attested by the practical
success of equal temperament. The twelve-tone scale may represent just
intonation and equal temperament alike, just as equal temperament may be
used to perform both twelve-tone and tonal music.

The aSsumption that musical letter-names such as B#, C, and Db& are
different tonal interpretations of the pitch-class 00 is also related to

the question of egual temperament. The compromise of tuning that
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produced equal temperament could not have taken place without there
first being a concept of twelve pitch-classes to the octave, despite
the differences in tonal interpretation. This concept is illustrated
by the Spiral of Fifths (Example 1/17), produced by successive
Perfect Fifths (3:2) from the Harmonic Series. In the Spiral, elements
such as B#f, C, and Di§ retain their tonal identityfand their independ-
ence of frequency from each other, standing a Pythagorean comma (81:80)
apart within any given octave. In placing such elements at points on
the same radius, however, the Spiral represents their equivalence as
members of a twelve-tone pitch—cléss. In the Spiral's more famous
equal-tempered counterpart, the Circle of Fifths (Example 1/18), these
tonally distinct members of each twelve-tone pitch-class are amalgamated
into a single frequency (within any given octavé) énd, tonally, become
enharmonically equivalent. The Spiral of Fifths is only irrelevant
if it can be shown that elements such as B§, C, and Dj}, were evér
considered as s§parate pitch~classes, as distinct as, for example, B
and C. But the fact that the Pythagorean comma is so close to the
Unison as to have invited comparison with it seems to belie this poss-
ibility. Such a distinction might have been likely if, éay, Bf and C had
often occurred in adjacent positions and the comma between them had
habitually been heard, but this would depend on a fineness of tuning
that is extremely hard to maintain. |

Since the principal aim of this study is té present the structural
characte;istics of duration and pitch, the variables of.performance -
dynamics, articulation, tempo, and timbre - will be given minimal
attention, except where their specifications in the score are essential
to the discussion. The musical examples have mostly been éhosen to
illustrate particular rhythmic properties, iather than to comment on

the original pieces as such, and their titles are given simply for



51

identification. Any notated aspect of performance not included in

an example's accompanying tree-diagram is considered not to alter

the structure shown. A similar distinction between written and

sounded data is found in linguistics: linguists often exémine the

phrase structure of written sentences, even though it is evident that

a significant degree of structure is usually communicated by the way

language is spoken. The present approach is almost the opposite concept

to that of Riemann (but not necessarily inconsistent with it), who

put forward the 'dynamic and agogic shading' he considered appropriate

to different rhythmic structures and sufficient to communicate them?
Dynamics and articulation are structural characteristics in their

own right and are considered briefly at the beginning of Chapter 5, as

" well as in those examples in which the presence of either has an effect

on structure which cannot be discounted. Articulated phrasing will be

known by that name and not simply as 'phrasing', while the term phrase

grouping (defined in Chapter 2) will refer to a grouping of notes

produced by one or more of the present characteristics and preferences.
'Phrase grouping' should not be confused with 'phrase group', which has
been used to mean a group of phrases.67

Tempo is not a structural characteristic in the normal sense
(although fundamental changes of tempo may produce structural accents
or cause phrase grouping), but it does have an effect on the perception
of upbeats as well as determining the hierarchical levels on which the
mind is most likely to focus. Apart from these very important aspects,
the tree-diagrams which will be derived to represent metrical and phrase

structure are neutral with respect to tempo. The use of timbre as a means

66. Riemann, op. cit .
67. Wallace Berry, Form in Music (Englewood Cliffs, New Jersey,
1966), pp.26-27.
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of rhythmic differentiation has been studied by Cooper and Meyer68 and

Yeston69 and falls outside the present study. Continuous change in any
of the variables of performance is also beyond the scope of this work,

which deals only with discrete forms of differentiation.

The present theory will devote relatively little attention to the
processes of expectation, since these usually require some knowledge of
the style of a piece, which presupposes the ability to perceive rhythmic
structure. However important prediction and implication may be, the
intention is to present structural characteristics and perceptual prefer-
ences which will account for metre and phrase grouping, not to examine the
human perception and cognition of music as such. For this reason, no
conscious attempt is made to relate the present theory to the perceptual
principles of Gestalt psychology,70 although several of the structural
characteristics reflect the influence of these principles, especially
the principle of proximity. The principles of 'good continuation' and
similarity are relevant to the percéption of musical lines, while figure-
ground perception has been related to the musical concept of reduction?l
Fundamental to the present theory is the Gestalt notion that the simplest
structure is the one most likely to be perceived, although most potential
structural ambiguities will be regarded as solved by differences in the
relative 'strength', or importance, of the temporally incongruent
characteristics and preferences concerned.

Apart from the limitations already mentioned, the present work
requires no restrictions of scale or defined historical and cultural

boundaries: both are determined by the extent to which the characteristics

68. Cooper and Meyer, op. cit., p.16.

69. Yeston, op. cit., pp.41-44.

70. Barber and Legge, op. cit., pp.26-28.

71. Ian D. Bent, 'Analysis', in The New Grove Dictionary of Music
and Musicians, ed. Stanley Sadie, 20 vols (London,1980), I,
340~ 388 (p.354).
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and prefereﬁces are applicable. Rhythmic structures will generally be
seen as built from the lowest level upwards and thus deal mainly with
small-scale structure. The thesis is concerned piincipally with Western
art-music and some of the perceptual preferences may not have universal
validity, but it is anticipated that much of the:theory will be relevant
to music of other cultures. The examples are drawn mostly f;ém familiar
tonal music of the 'common-practice' périod, but not as a deliberate
stylistic restriction. On the other hand, there are aspects of harmony
and rhythmic structure found in twentieth-century music which will not be
considered and whose inclusion would seem to require a considerable
expansion of the present theory.

Three terms from the terminology of computers requiré brief
mention. The American spelling of 'programme' - 'program' - willbbe
used wheﬁ referring to a computer program. The word 'string' refers
to a finite sequence of symbols drawn from an alphabetbof éharacters.
Lastly, the term 'nesting' is used in the same sense as a nest of tables
or a collection of Russian dolls, to refer to a hiefarchical arrangement
of non-overlapping square brackets. Nested sets have as their Venn

diagram a series of concentric circles.
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CHAPTER TWO

A STRUCTURAL NOTATION FOR RHYTHM

In order tﬁat the generation of metre and phrasing'may be examined
as unambiguously as possible, it is desirable to have a suitable notation
for rhythmic structure. = The maih requirement of such a representation is
not simply that it should be hierarchical, but aleo thet it should be
capable of showing both the independence and interdependence of metre
and éhrasing. While at least three representations of the independence
of phrasing from metre already exist - those usedfby Riemann,l Cooper
and Meyer,z.and Lerdahl and Jackendoff3 - none of Eheee authors have
considered their interdependence in sufficient depth to derive a
sqccessful combined rep:esentaiion for them both. Although any special
notational requirements of individual‘characteristics_will require
separate discussion, the principal features of the present notation may
how be pdt forward in relation to the general concepts of metre and
phrasing that will be adopted in the present work.

Firstly, however,_it may be noted that a unified notation for metre
and phrasing does not imply the use of a single diagram for a given
structure, for the following reasons: (1) A representetion for fore-
ground rhythm is related to any more background structures that are
inferable from it. (2) There may be structural ambiguities in a passage,
suggesting two or more equally likely structures. (3) There may be
cross-rhythms and overlapping phrases between two or more musical

lines. In general, the rhythmic structure of each line has

1. Hugo Riemann, Musikalische Dynamik und Agogik (Hamburg, 1884).

2. Grosvenor Cooper and Leonard B. Meyer, The Rhythmic Structure
of Music (Chicago, 1960). -

3. Fred Lerdahl and Ray Jackendoff, 'Toward a Formal Theory of
Tonal Music', Journal of Music Theory, 21, No. 1 (1977), 111-171.
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a relevance in its own right in addition to being part of the whole.
(4) It may be necessary to repreéent, independently of the overali
context, the structures put forward by an individual characteristic
or by othér subsets of the total set of characteiistics present at a
particular time. (5) There may be notational changes as further
hierarchical levels are established: a single, highest-level view of
a passage could be misleading unless the lower-level structures were
also impiied.- If such aspects are relevant, there seems no reason to
suppose that rhythmic structure can best be represepted by a single

form of diagram in the two dimensions of a sheet of paper.

A. METRE

The poverty of rhythmic theory to déte is probably largely due
to the failure to derive a coherent theory of metre. As a result of
the overwhelming predominance in post-Renaissance Egropean music of
regular-lengthed beats and their grouping in twos and threes - the
so-called 'tyraﬁny of the barline' - it is perhaés understandable that
the miscdnception could arise that metré was simply a means of marking
time. Zuckerkandl's graphic description of fhe ‘metrical wave' which,
once established, will carry on its reéular cycle unimpeded,4 is not
without foundation in accounting for the perception of syncopation in
certain cases, but it does not explain why the alternative possibility
of irregular metre is felt in others. Piston's remark that 'metre is
simpiy measure' reflects an engrained expectation of regular metre,
yet is paradoxically set in a context that argues against this very

concept.5 Cooper and Meyer build their theory of rhythmic structure

4. Victor Zuckerkandl, Sound and Symbol, translated by Willard R.
Task (London, 1956), pp.168-73.

5. Walter Piston, Harmony, revised by Mark DeVoto (London, 1978),
p.199. .
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around the idea of metre as regular pulse: 'Mefe; is the measurement
of the number of pulses between more or less regularly recurring
accents'.6 |

All of these authors, writing well into the twentieth century,
must have been aware of the possibility of irregular metre and their
remarks are not wrong as such, but simply require placing in a wider
theory. A single theory for regular and irregular metre does not
need to pretend tha£ both afe equally likely, but it cannot presume
the ceftainty of a regular beat. The only regular timelength that
can be sure of being maintained is that of the uhitary duration, but
neither the listener nor the practised performer consciously counts
in such units.

"With no certainty of a regular beat, it becomes apparent that
the single idea of the grouping of notes into higher-level units is
SUfficient to.account for both regular and irregqular metre. The term

metrical timelength will be used here to signify the duration of such

a metrical unit as distinct from that of a single note. An emphasis on

metre as dgrouping rather than as‘subdivision need not devalue the
importance of the beat in regqular metre, where it may be assigned to
the metrical level on which the mind is most likely to focus at a
given tempo, with the bar signifying a higher (and usually the next)
level of the hierarchy; But regular metre ié more than a series of
beats: in fact, a sequence of undifferentiatea noteé, having thé same
duration, pitch, intensity, and timbre, is simply a sequence of pulses
with no certain metrical_structure, as Yeston and Cooper and Meyer

have noted.7'8

6. Cooper and Meyer, op. cit., p.4

7. Maury Yeston, The Stratification of Musical Rhythm (New Haven
and London, 1976), p.35.

8. Cooper and Meyer, op. cit., p.9.
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However_much theories of metre may aiffer, there tends to be
general agreement that a metrical unit should function as a higher-
level timelength, that is, as the analogue of a duration. There are
three principal ways in which suéh timeleﬁgthS'come-into being.

They may be directiy perceptiblé as timelengths on a higher level in
relation to shorter, accompanying metrical units. or durations, by
possessing some intrinsic unifying quélity such as the pitch unity

of a single note or the harmonic unity‘of so~-called harmonic rhythm.

An instance of the former is Example 2/1, in which: the semiquavers

have little choice but to be grouped into minim*;engthed metrical

units by the accompanying Middle Cs. 1In Example 2/2, the metrical
grouping is generated by harmonic rhythm: a regular metrical timelength
of a crotchet is established by the first common éttack of the two
voices and maintained by the recognition of arpeggiatéd chords.

Alternatively, higher-level timelengths may,be perceived as
the result of a metrical connection between two non-adjacent notes or
chords. The time-points so connected normally require special
emphasis to command attention; consequently, the notes sr chords
concerned tend to be structurally accented, the products of structural
characteristics. 1In such cases, the higher-level timelengths will be

called structural timelengths. Each is theoreticaily capable of

being perceived as a metrical timelength, although in any given.
csnfiguration of structural characteristics it is. a matter of
perceptual preference which structural timelengshs, if any, will form
the prevailing metrical hierarchy.

A simple instance of this second way of generafing metre‘is
that of a mental connection between dynamic accents, as shown in

Example 2/3. It is clear from this example that such mental
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connections establish what Yeston calls a second level of rhythmic
.9 . .

motion” and that an awareness of a structural or metrical timelength

can only come about once the connection has been made. Example 2/3

is taken from Cooper and Meyer, who represent accents and non-accents,

AN

respectively, by means of the diacritical signs macron (=} and breve (u).10

Cooper and Meyer show the higher-level timelength not as the result
of a structural connection between the accents, but as a grouping in
its own right, thereby mixing accented and unaccented notes on one
hierarchical level (Example 2/4), when in fact tﬁeir hierarchical rank
is distributed between two levels. This amalgaﬁafion of levels is one
of the prinéipal flaws in Cooper and Meyer's notation, as will be seen.

In conjunction with the idea of metre as requiring two levels of
rhythmic motion, Yeston argues that sincekmotion must proceed from
one event to another, it is dependent on recurrepqé, which itself
requi;es 'some criterion that establishes a logical class of events
of which the occurrence and its recurrence are both members'.ll The
equivalent_statement in the present terminology would be that there
must be two structural accents (normally generatéd by the oné
structural characteristic, or 'logical class') fof every structural
timelength. This is indeed largely the case, but, with certain
characteristics, a single accent may suggest the possibility of a
further level, even if the structural timelength concerned is in
doubt until the appropriate second structural accent is encountered.

A more serious.objection to the requirement of two structural
accen£s ﬁight be the fact that the final metrical»fimelength on a

particular level cannot be followed by a structural accent that might

9. Yeston, op. cit., p.66.
10. Cooper and Meyer, op. cit., p.lO.
11. Yeston, op. cit., p.38.
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determine its length. The solution to this problem is provided by
the similafity between the perception of duration and that of metre.
Attacks and structural accents both establish points of relative
emphasis whose connection focuses attention on thé timelength between
them. Just as one attack interval can suggest another, so the
perception of one metrical timelength between two time-points
establishés a potential second metrical unit of the same length,
extending from the second time-point. .The fact that such a second
~metrical timelength might be interrupted before its completion or last
longer than expected does not invalidate this principle any more than
thé possibility of irregularly lengthed durationé“invalidates it in
the perception of duration.

This anticipated repetition of a metrical timelength is

Zuckerkandl's 'metrical wave',12

the third way of generating metre;
aﬁd a default structure if one is needed, but if'is not a method that
will always automatically assert itself in opposition to the

positive rhythmic force of a structural characteristic. As‘a form of
'self~generating' metre, it may.be seen in Example 2/5, where the
initial duration becomes a metrical timelength on a‘progressively
higher level in relation to an increasing number Qf metrical subdivi-
sions, as the unitary timelength is redefined. A regular metrical
timélength also emerges on a higher level with theirepetition of

the fugue sﬁbject in each of the four voices after a timeléngth of
three semibreves (Example 2/6), but this 3/1 metré cannot be
maintained automatically at bar 8 in contradiction to the harmonic

and durational unity of the bass (Example 2/7) and its failure at

this point illustrates the weakness of automatically generéted metre.l

12. Zuckerkandl, ibid.

13. Although an initial 3/1 metre runs counter to Bach's barlines,
it is assumed that these do not necessarily indicate the dynamic
accentuation that would be needed in performance to assert the
given time-signature (¢» as a regular metrical timelength in
opposition to the repetition mentioned.
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In other circumstances, however, it is possible fef an established
regular metrical timelength, or multiple, to be continued
automatically in opposition to a structural chafecteristic. In
Example 2/8, relatively long durations, the crotchets (X), act as
structural accents in establishing a minim multiple,between them,

yet the succeeding relatively long durations (Y) do not alter this
metrical scheme, but are subordinated to it in syncopation. The
differences between Examples 2/7 and 2/8 caneot be pursued atApresent,
gsince the automatic continuance of a multiple is hot a characteristic
in its own right and its success or otherwise must therefore depend
on the properties of individual characteristics and on the particular
configuratien of characteristics and preferences present at a given
time.

The parallel between duration and metre suggests that, like the
lengtﬁ of a final duration, a final metrical timelength may be
determinable from its predecessors. Example 2/9 illustrates the
consequences of this theory for the perception of both metrical time-
lengths and duration. At its onset, the length of the final duration
is indeterminate, but, both in and out of context, it lasts
sufficiently loﬁg to function as a relatively long duration which,
mentally connected with the previous such duration'(as bracketed),
estaﬁlishes an unopposed structural, and hence metrical, timelength
between the durations, together with its preeumed repetition.’

The assignation of a dotted crotchet :ags the length of the final
duration, even oﬁt of context, 1s compatible with such a metrical
scheme and with the standard musical notation Qf an upbeat phrase.
The latter appears to truncate such a phrase's final metrical unit by
a timelength equal to that of the initial upbeat. While the metrical

unit itself may indeed be shorter, its associated metrical timelength
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is not, being the sum of the durations in the final hetrical unit
and those of the upbeat to thé phrase. What is'invélVed here may‘be
envisaged as a metrical displacement of at least the initial downbeat
from a position at the sfart of the phrése (for instance Example 2/9
is a displacement of Example 2/10), which is where any metricai scheme
would begin by default in the absence of any reéson to perceive an
upbeat. Since phrase lengths are not structural timelengths, an
incongruence between phrase and metre is not comparable with
incongruence betweén structural characteristics, with'their-customary
c;oss—rhythms and off-beat accents. Thus the notion of metrical
displacement is compatible with the earlier-noted capacity of metre
to measure phrase lengths (Example 1/8).

Balance between incongruent metre and phrasing does not depend
on binary metre, regular metre, symmetry or other such assumptions;
if the metrical timelength of Example 2/9 were shortéer or longer in
some context, the final duration of the example would have to be
altéred accordingly (Examples 2/11 and 2/12), th'the resultant phrase
in each case would still be balanced in regard to ﬁefre. Thus the
final duration of a passage will be perceived as being of sufficient
_ length to complete the highest prevailing metricél timelength, a
requirement which is similar to the rule given by'Schachter for tonal
music in regular metre: 'The closing chord of a cadence will normally
occupy at least a full metrical pulse (reckoning in rests, etc.)"14

The proposed notation for rhythmic structufe is in the form of
a tree-diagram, based on the square—bracket type éften used in family

trees. 1Its basic component will be termed a structural grouping and

is defined as two or more branches connected by a common horizontal

beam (Example 2/13). Since every note is attached to a branch, a

14. Carl Schachter, 'Rhythm and Linear Analysis', The Music Forum,
4 (1976), 281-334 (p.294). ’
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string of equal durations, which displays no certain hierarchical
organization, would be represented as in Example 2/14. If a higher-
level b;anch is vertically aligned with .a lower-level one, it
signifies that the note specified by the composite eranch is-

metrically accented, that is, it falls at the beginning of a metrical

unit, whose‘associated metrical timelength may be inserted within the
higher-level branch and placed in brackets to distinguish it from a
duration (Example 2/15). The mental connection between such a
metrically accented note and the note which begins any following
metrical unit will be fepresented by a horizontal‘beam, thereby
forming a structural grouping on the next leQei. Thus, whichever of
the three methods described above gives rise to metre, the latter
will be represented by means of the connection between metrically
accented netes.

"With the establishment of a structural grouping on the next
level, the former horizontal beam between the two notes or chords
that are now metrically accented becomes somewhat redundant in its
present state, since its function is largely duplicated by the higher-
level beam (Example 2/16). Leaving aside the notational requirements
of phrasing, a purely metrical notation might have the general form
of Example 2/17, in which all notes belongiﬁg to a particular
metrical unit.are contained within the sub-tree emanating from the
branch that signifies the metrical accent. In this notation, the
rightmost portion of the former beam has been lost, since the
connection that it signified has been subsumed by the new higher-
level connection, a flow of thought which may be represented by the
diagram of Example 2/18. Such a notation is also intended to be read

as a combination of individual structural groupings as circled in
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Example 2/15. In this way, a lower-1level structurai grouping may be
shown as having an identity in its own right within the context of the
higher-level grouping which has produced it.

The notion of metrical accentuation, indicated by the vertical
alignment of a branch.with one on the nex£ level; is to be understood
as a product of the formation or anticipated formétion of the next-
level structural grouping, not as a kind of structural accent in its
own right. There is an inevitable association of the first note or
chord of a metrical unit with the metrical timelength denoted by the
higher-1level branch, either by virtue of their simultaneity or because
‘structural accentuation of the note or chord has aided the perceptién
of the higher~level structurai grouping. This relationship between
duration and metrical timelength results in an apparent enhancement,
or metrical accentuation, of the former if it is iess than thé latter.
Whether this enhancement is real or not is difficult £o»determine;
the metrical timelength could be seen as the sﬁbstance-réther than the
cause of the enhancement, a quality ascribed to the metrically accented
note or chord rather than an independent, though related, entity.
Whichever viewpoint is adopted, thebeffect of a metrical accent as
the product of such a relationship is confirmed by varying the
metrical timelength but not the initial duration: of the metrical unit,
as in the two metrically interpreted structures of Example 2/20; If
the metrical unit is filled by a single duration (for example,.the
last duration of Example 2/20), there can be no enhancement and hence
no metrical accent. Technically, such a duration is not a metrical
timelength either; thus in the metrically interpreted Example 2/21,
while convention refers to four beats in each bar, the word 'beat' can
be understood only as regular pulse and not in a metrical sense, there

being no metrical grouping until the next level.
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Misunderstanding of the nature of metrical acéentuation has

led in the past to much confusion abouf metre and. rhythm. The
patternvof diffe;entation between strong and weak beats, which is
clearly represented in the present notation as a difference in
hierarchical level, so strongly characterizes each type of metrical
grouping at a moderate tempo that it ig said that, for example, the
pattern 'strong-weak' is duple metre, 'strong-weak-weak' is triple
metre, and so on. Confusion arises firstly in the mis£aken»textbook
description of metre as the product of dynamic accents, a view which
presumably comes from the general tendency in performance to tranSIate‘
the metrical accent-patterns into dynamic accentuation. Certainly,
dynamic accents will generate a metrical structure if no other means
of differentiation are available and may contribute to one otherwise.
Later in the present Qork, it will be necessary.to consider examples
in théh it appears that the intended metre can only be justified if
dynamic accents are inferred from the barlines, but dynamic accents
alone'are'noﬁ sufficient to dictate a metrical structure: if they were,
they would never occur in an off-beat position.. Thus, any desired
mefrical struéture cannot be guaranteed simply by arawing barlines at
will and it is seldom that composers have made such a mistake.

"Although a general sense of accent,such as that of Cooper and
Meyér,15 will account for metrical accent—pétterns at lower
metrical levels without reference to the cause of ‘such accentuation,
it does not avoid an apparent paradox which often arises in metrical
units larger than the bar. In these, the acceﬁtﬁal pattern can
appear inverted, so that a binary metrical unit maf seem to be

subdivided as 'weak-strong' and a ternary one as 'wéak—weak-strong' or

15. Cooper and Meyer, op. cit., pp.7-8.
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'weak-strong-weak'. Such inversion is argued by Matthay on the
grounds that rhythm, as musical.movement, must progress somewhere

and thus seems to move towards points of climax more often than away
from them. Matthay uses arrows to depict such rhythmic progression
in ‘Goé Save the Queen' (Example 2/22).16 Many ekaﬁples of gfoupinqs
which are beginning-accented on one levei but middle-accented or end-
accented on £he next are also given by Cooper -and Meyer, for instance.
Example 2/23.17 The apparent paradox of accentual patterns has
sometimes led to the assumption that the accented,noté or chord
necessarily marks a metrical downbeat.. Thus Métﬁhay.is led go the
conclusion that many composers, notably Schumann and Brahms, have
misplaced their barlines, suggesting an accentual scheme that is the
wrong way round: ‘strong-weak' instead of 'weak-strong'. He
considers that, for example, in Chopin's C minor Prelude, Op.28, No.20,

'the true bar-line occurs two pulses later than the written bar-line'

(Example 2/34)-18 MatthayAwas perhaps influenced by Riemann, who
pursued this distortionvto its logical conclusioh; that all binary
metre must be accented 'weak—strong';19

Since metre must involve two hierarchical levels, it is quite
possible for a structural accent which has been superseded.metrically
to create a middle-accented or end-accented structural groﬁping on
the level below that wﬁich defines the metrical acceht. Part of the
Cooper and Meyer example quoted above (Example 2/23) can be rewritten

in the present notation with the addition of diacritical signs to

16. Tobias Matthay, Musical Interpretation (London, 1913), p.37.
17. Cooper and Meyer, op. cit., p.38, Ex.47.

18. Matthay, op. cit., pp.38-39.

19. See, for example, Riemann, op. cit., pp.186-188, 249-50, 262.
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show the conflict of accents that gives rise to the paradox
(Example 2/25). The anapestic duration paetern of the accompaniment
becomes an iamb on the second level (conforming to Cooper and Meyer's
own 'Principle of Metric Equivalence'zo and their third-level
anelysis), but will be subject to metrical accentuation.on the next
level (f\equais-u, Qhere-—-is a metrical accengf.' Since the effect
of metrical accentuation is dependent on awareness of the metrical
timelength represented by the higher-level branch; rather than the
presence of‘aey structural eccent or mental connection it may involve,
it follows that a weakening of this- awareness will allow the lower-
level structural accent to predominate in any overall impression of
acceﬁt, as in Cooper and Meyer's notation, but not to alter where
the metrical unit begins, as in the distortion of Riemann and Matthay.
The awareness of a metrical timelength is itself dependent on
the extent of the separation in real ﬁime of the netes or chofds
specified by the branches of a structural grouping and, in general,
is weaker at higher levels or a slow tempo, while the structural
importance of any mental connection will, paradoxically, be all the
greater. While large-scale structural connectione like that of
recapitulation in Sonata Form might seem too remote to be identified
with the concept of metre, the existence of some form of met;e on a
larger scale ehan the bar is well recognised, although at fhese levels
metricel units are sometimes loosely referred to as phrases because
theybso often coincide with phrase groupings. Yet a distinction must
be made: the three-bar units that Beethoven has pointed out in the
scherzo of his Ninth Symphony with the instruction 'Ritmo di tre battute'

(Example 2/26) are not phrases, but the special emphasis at the

20. Cooper and Meyer, op. cit., p.22.
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beginning of each, caused by the relative length of its first
duration and, more noticeably, by repetition, updoubtedly_marks
syntactically important time-points between which metrical units may
be perceiVed.

The present concept of metre as a hierarchy of structurally
connected points in time has also beenvput foryard by Komar2l and
Lerdahl and Jackendoff,22 partly in response to Cooper and Meyer's
assignation of accentual values to whole groupings and even to the
largest subdivisions of a piece,23 an épproach which has also been
‘criticized by Schacht;er.24 Lerdahl and Jackendoff émploy columns of
dots to show the metrical level of a note or chdré, but their view of
metre aS‘necessariiy regular and as synonymous with counting in
multiples of the smallest duration mars the effectiveness of théir
notation (Examplé 2/27).25

Komar's theory of metre is more concerned with adding a metrical
element to a Schenkerian type of analysis than witﬁ,identifying the
timelengths that actualiy exist as a result of larée—scale structural-
connections._ His concept of metre is.unquestioningly one of equal
metrical timelengths seen not as aggregates but as subdiviéions of
the whole piece and subject to expansions and qohtractions as the
lower, foreground levels are approached. While'thé elimination of
irregular metrical timelengths may indeed be a suifable transformation
of the foreground, such an approach is not directly comparable with
the present view of metre and Komar's épplication of his own theory
is coloured by curious idiosyncracies such as the addition of a silent

_'bar 0' to the slow movement of Beethoven's 'Pathétique' Sonata,26

21. Arthur J. Komar, Theory of Suspensions (Princeton, New Jersey, 1971).
22. Lerdahl and Jackendoff, op. cit., p.123.

23. Cooper and Meyer, op. cit., pp.l188-203.

24, Schachter, op. cit., pp.306-7.

25. Lerdahl and Jackendoff, op. cit., p.l21, Ex.3.

26. Komar, op. cit., p.156.
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a metrical analysis of the saﬁe piece which does not conform to his
owﬁ reading of the movement's form,27 and his idea that 'the third
beat of three is stronger than the second beat, just like the third
beat of four'.28 Although Komar sees the distinction between
metrically strong énd weak time-points as a matter of differentiating
between higher and lower metricél levels, as does the proposed
notation, his assumption that such a distinctioﬁ can be made at thé
highest levels, even across pages of'music, has béen.rightly
criticised by Schachter29 and would be wrongly inferred from the
present concept of metre.

Arguing in favour of metrically accented time-points rather than
whole time-spans, Komar reasons that in 'Frére Jacques', 'with §£§
on the first beat and re on the second, while it is proper'to say that
fre occurs on a stronger beat thap re, it does not follow that the
entire time-span of fré is stronger than the time-span of gg'.Bo
Against this, Schachter reasonably points out that 'every musical
event must occupy time'.31 The issue involved in this argument is
relevant to a correct reading of the present riotation. A branch will
be taken to refer to the attack point of fhe duration which it
specifies. Such a time-point is not only identified with the length
of the duration but with ény associated metrical timelengths that
begin simultaneously with it. Thus the branch may represent durations
and metrical timelengths alike without being restricted in function to

an infinitely small time-point, as in Komar's theory, and without the

suggestion that whole metrical timelengths are accented, as in Cooper

" and Meyer's notation. Komar's views are not as far apart from those

27. ibid., p.151 30. Komar, op. cit., p.6 .
28. ibid., p.54. 31. Schachter, op. cit., p.294.

29. Schachter, op. cit., p.308.
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of Cooper and Meyer as might be thought; any accentual value
associated with a whole section inACooper and Meyer's representation
would, in practiée, be ascribed to the attack poiht identified with
the relevant metrical timelength, thus producing a metrical hierarchy
of strong and weak time-points, though not necessarily with the same
accentual values as in Komar's theory. The realignment of Cooper and
Meyer's diacritical signs that this suggests not only gives a clearer
reading qf metre in their notation (Example 2/28)(32’but must surely
be imélied in‘it, since it is inconceivable that an unaccented upbeat
on one level.could be heard as éccented on the next, as a casual
reading could imply.33

Anpther_possible misreading of the proposed notation concerns
Yeston's concept of a second level of rhythmic moti§n. -While the
pareilel with Yeston's view was appropriate earLier,_to estéblish_thaf
a flow of.thdught between non-adjacent notes can form a structural
connection between them, some qualification is required, since a true
higher level of motionAwould refer to an implied»muSical line. Yeston's
theory of rhythm is principally concerned with the identification of
such implied lines and their relationship to Schenkerian theory. 1In
the tree-diagram notatién, however, it cannot be guaranteed that the
branches of a structural grouping,on any level but'£he lowest gpecify

pitches or chords that would necessarily form an intelligible sequence

in their own right.

32. Cooper and Meyer, op. cit., p.70, Ex.87.
33. See also ibid., p.65, Ex.81; p.81, Ex.96; p.97, Ex.1l10.



70

B. PHRASE GROUPING

Since the metrical notation joins all notes in.a ﬁetrical uﬁit
to the left branch of the next-level grouping, it cannot show
phrasing in a metrical context, unless the phrase ﬁappens to coincide
with the beginning and end of a metrical unit. Alﬁhough a metrically
derived sfructhral grouping is én important entity relative to thev
many arbitrary mental connections that could be made, it ié well
accepted that it is phrasing and not metre that delineates the
strings of which musical structure is composed. The incompleteness
of metricallybgrouéed étrings as opposed to phrése groupings has been
succinctly described by Macpherson:\

...certain sounds within any metrical bar bear
definite relationships to certain other sounds,
not always - indeed, rarely - confined to that
bar itself, and to dissever those logical
relationships would be to destroy the sense of
the music just as inevitably and surely as to
dissever certain words from others in a
sehtence32f poetry or prose would ruin its
meaning.

Schoenberg's description of this function of phrasing is also relevant
here:

The smallest structural unit is the phrase, a
kind of musical molecule consisting of a number
of integrated musical events, possessing a
certain completeness, and well adapted to
combination with other similar units. The
term phrase means, structurally, a unit
approximating to what one could sing in a
single breath. 1Its ending suggests a form of
punctuation such as a comma . > ‘

The senses of completeness'and'punctuation that Schoenberg

mentions stem from the fact that phrasing in the widest sense is

34. Stewart Macpherson, Form in Music, revised edition (London, 1930),
p.9. . . :

35, Arnold Schoenberg, Fundamentals of Musical Composition, revised
by Gerald Strang and Leonard Stein (London, 1967), p.3.
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the product of proximity or, conversely, of separation, in five main
categories: duration, harmony (especially tonal harmony), pitch,
articulation, and repetition, principally that beginning on an upbeat.

The term phrase grouping will be preferred here to 'phrase', since

the criteria of proximity and separation cause smaller'groupings,

more often called 'motives' or 'figures',.to bé inéiuded in the same

category as the phraées articulated in, and associated with, performance.

The words 'group' or 'grouping' have previously been used by Riemann,

Cooper and Meyer, and Lerdahl and Jackendoff to dénbte this joint

category,36 élthough the present concept of a phrase grouping differs

in certain respécﬁs from that of any of these writers. The parallel

of phrase grouping with grouping in visual interpretation should also

be noted: the first three categories in particular are a musical

equivalent of the 'proximity principle' of the Gestalt psychologists.37
The separation of phrase groupings involves a separation of

stfuctural gfoupings that is established either at a pre—metrical

stage or at a particular metrical level, but whiéh will normaily

retain its identity however anybhigher—level groupings are placea; Thus,

phrase groupings, however small, must be separated from each other

witﬁin'a metrical context. Thisvis achieved by distinguishing between

two types of upbeat within a metrical unit: a structural upbeat, which

shows the start of a phrase grouping and whose branch is joined only
"to a right-hand beam (Example 2/29a), and the ordinary éfﬁerbeat of
the metrical notation, whose branch is joined only to a ieft—hand beam
_(Exémple 2/29pb) and which denotes the absence.of a structural upbeat.

Where necessary, the end of a phrase grouping may be marked by an

36. Riemann, op. cit.; Cooper and Meyer, op. cit.; Lerdahl and
Jackendoff, op. cit.

37. See, for example, Paul J. Barber and David Legge, Perception and
Information (London, 1976), pp.26-27.




72

asterisk (as in Example 2/30), to cover those circﬁmstances in which

it falls on a note or chord belonging to an afterbeat structure. It
should be noted that an asterisk cancels the funcﬁiqn of any beam which
it replaces and that the presence of an asterisk on a particular level
will be taken.tq imply its presence on all lower levels at the same
point.

The afterbeat and upbeat structures are not mutually exclusive,
as they might at first appear, but achieve equivalence on the level of
the lowest structural grouping which covers them both. At such a
level, the flow of thought igs not simply between the meﬁbers of the
structurai grouping which confers equivalence (Example 2/31) but may
also be seen as follows: the whole content of the metrical hnit
containea by the étructural grouping, plus any preceding structural
upbeat, is related through the structural grouping‘s first branch to
the note or chord of its second branch. For. an éfferbeat structdie,
this flow of thought has already been shown'diagramatically
(Example 2/18); for an upbeat structure, it is as in Example 2/32.
Such a relationship depends on the extent to which‘the metrical unit
can'be seen as a whole, that is, on fhe sepdration in real time
between the branches of the structural_grouping'containing it.

At the level of their equivalence, a structural upbeét functions
as an afterbeat and an afterbeat as an;upbeat. An‘aftérbeat can
never fuhction as a sfructural ﬁpbeat, however, since the latter is
associated with separation on the lower level, whéreas the afterbeat
structure is established as a result of the higﬁer—level connection.
Thus an afterbeat structure subsequently seen as a strgctural upbeat
would be reinterpreted on the lower level, but would still function

as an afterbeat in relation to the higher-level structural grouping.
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With structural upbeats and afterbeats so diétinguished, it
should not be possible to misread the structure of Example 2/33 as
a conjunction of two phrase groupings as brackefed'beneath, which
would reéuire the placing of an asterisk after ghé_final duration 3,
in line with tﬁe beam on the second (lowest) level; the correct
reading is as a supefimposition of the structures of Example 2/34.

In both upbeat and afterbeat types, the loss of a beam need not
lead to a loss 6f metrical information, provided thét structural
groupings on the same level are horizontally aliéned and the metrical
timeléngth is inserted in.its usual place within the branch. Since
any missing beam is still implied.as part of a forher lower-level
structure (unless it has been replaced by an asterisk or implied
asterisk), it may be indicated by a dotfed line wherg this gives
greater clarity. Similarly, dotted lines may indicate implied brancheé
and struétufal groupings. If the values of metriéél timelengths becoﬁe
unwieldy at higher levels, they may be replaced by values reduced in
proportion (for  example, 48:24?24:96 becomes 2:1:1:4). Within
individual branches, proportibnal_valuesvwill be inserted in square
brackets (for exaﬁple: [2:7 [1:] [1:] [:4]). Any remaining difficulty
in reading metrical structure seems amply compensated by the
advantages of separating phrase groupings and by the ability to show
successive layers of upbeats:. These aﬁd the aone—mentioned features
are illustrated by Example 2/35.A

Certain properties of the present notation may requiré further
clarification, as follows. Firstly, the boundaries of phrase groupings
are not to be misunderstood as necessarily implying divisions that
would be articulated in performance. Since the intention is to show

the various groupings and associations of notes that are relevant to
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rhythmic structure, it is inevitable that certain phrase groupings
will be revealed which the performer could not execute without
presuming articulation either not present in, or expressly denied by,

the score. 1In Example 2/36a, for instance, the separate articulation

‘of the final two lowest-level phrase groupings (Example 2/36b) would

contradict the articulation Mendelssohn has indicated by rests and

" slurs, which creates a clear pattern of phrase lengths, or phrase

contour : 1:1:2.’

Secondly, by notating phrase grouping as an amalgamation of -
square-bracketed structural groupings and articuiation by slurs and
staccato marks, the present notation avoids the confusion that can
exist in standard»musical notation between an ofdinary phrase mark
and an articulated slur. The distinction between phrasing which is
conditioned by articulation and phrasing which is not is of paramount
importahce to an understanding of tﬁe latter, since it is all too easy

to think of a structural upbeat solely in terms of the artiéulated

'type.

The duration string of Example 2/37b will ser&e to illustrate
the distinction. Acqording to,Keller,38 this mayibe‘interpreted with
equal likelihood either as a seriés of anapests,>as,bracketed beneath,
or as a seriesvof dactyls, as bracketed above. Such a view is echoed

in the present notation (Example 2/37a): the separation of attacks

leads to a series of anapestic bhrase groupings on the lowest level .

and each structural upbeat, when functioning'as an afterbeat on the
next_level, may be seen as the unaccented part'of-a dactyl. Since,
however, the dactyl could not stand very weéll on its own as a phraée

grouping and its perception as such would preclude that of the

38. Hermann Keller, Phrasing and Articulation, translated by Leigh
Gerdine (London, 1966), p.54.
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anapest (being on the same level), its strength as a pattern is
heavily dependent on its repetition (marked 'R') and on the ease of
the connection between its first and second notes. By shortening the
sounded timelength of the dactyl's first note, articulation binds
any preceding structural upbeat to it by relative legato -and weakens
the connection between the dactyl's first and second notes in favour
of the anapest (Example 2/38). The.metriqal connection on the
third level between the relatively long durations of the string is
stiillapparent in the articulated example; the separation on that
level is one éf silence, not of structure. Thus the bias that
articulation gives to the anapest over the dactyl simply has to be
inferred from the separate notation of articulation.as qualifying
information. |

A third aspect of the present notation concerns the correct
reading of phrase groupings which are followed by a structural upbeat.»
In such cases, the metrical timelength associated with thé final
branch on the highest level of.the phrase grouping will ?g greater
(by the value of the following structural upbeat) than the sum of
the durations in the subtree of that branch (Example 2/39). .If the
first phrase grouping of Example 2/40 were to stand on its own, it
would be as in Example 2/41, with the final duration of the phrase
expanded to balance the final metrical timelength. If, however,
Example 2/40 were given an initial upbeat (Example 2/42), the final
duration of the first phrase grouping on its own would be the same as

in its original context. These two types of phrase groupings, in their

~ contexts, may be called unbalanced and balanced, respectively.

A structural upbeat following an unbalanced phrase grouping cannot
be quite as separate from the phrase grouping as that following a

balanced one. In Example 2/40, the domain of the metrical
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timelength 6 (JJ onbthe crotchet E extends to the end of the bar,
oyerlapping the following quaver upbeat; in Example 2/42, it does not.
Thus, in Example 2/40, there is one sense in which the phrase grouping
ends on the crotchet E, on the grounds of the dﬁration pattern up tb
that point (see Chapter 3, Section B), and another in which it lasts
a full two bars, overlapping, but not incorporating, the quaver E,
In Example 2/40, the quavef E functions as an afterbeat in relétion to
the metrical timelength 6; In Example 2/42, it'aoes so in relation to
the metrical timelength 12; although it is nominally in the same
metrical unit that covers the second half of bar 1, it is associated
more closely with the metricai timelength 6 at éhe beginning_of bar 2.
In the present notation, the only way in which -an unbalanced
phrase grouping can be understood in the above two senses is by noting
the discrepancy between duration and metrical timelength at the end of

the phrase grouping. It would be incorrect to regard the following

upbeat as part of an afterbeat structure (Example 2/43), notwithstanding

its funétion as an afterbeat., It happens that, in Example 2/40, the
association of the quaVer E with the preceding phrase is stronger than
it might otherwise have been (Examplé 2/44), because of the pitch
unity of the two Es. In addition, repetition favours the perception
of a second phrase starting at the beginningﬂof bar 2, rather than
on the last qﬁaver of bar 1. Thus the secénd phrase is also
ﬁnderstandable in two senses: with and withoutnits ﬁpbea£. .This
aspect of rebetition is a very common feature in_muéic, which will be
discussed further in Chapter 3 (Section C). But these features are
further qualifications of the structure and do not'necessarily make
the quaver E part of the first phrase, tb'be sepafated from the

beginning of bar 2 by articulation, as Meyer has suggested in his-
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extensive analysis of the theme . >

In other examples, the notes foliowing an unbalanced phrase
grouping are clearly an upbeat, even with repetition (Examples 2/45
and 2/46). In Example 2/45, the effect of repetition in weakening

the upbeat is itself weakened because the repetition is intervallic,

‘rather than of exact pitches. In Example 2/46, it is weakened by the

extent of the repetition's separation in real time.

Provision must be made in the present notation for those
circumstances ‘in which one phrase grouping doeé.not follow another
on consecutive notes. Kéller outlines four special types of phrase

. . 4 . ' L
conjunction. ° In the first, phrase-end concealment, two phrases are

joined by an articulated slur, so that the boundary between them is

blurred. Such blurring could be inferred from slurs added to a tree-

diagram. In the second type, phrase-linkage, ‘'the first phrase ends
with the beginning note of the next'.41 ‘In the fifst of Keller's
three exémples of this type, from the opening Allegro of Beethoven's
First Symphohy; the linkage concerns a two-bar bridgg passége between
the tonic cadence on bar 5 and the repetition of the theme in bar 7
(Example 2/46). 'Linkage; is indeed the appropriate word for this
structure, but it does not fit Keller's description of the term.
The bridge passage does not begin the seéona phrase; nor does the
fifst ph;ase end on the A7 chord of bar'é, although it would be heard
as six bars long without the bridge passage.

The tree—diagram notation for phrase linkége is as in

Example 2/46, where two tied branches refer to the same note or

39. Leonard B. Meyer, Explaining Music (Berkeley, California, 1973),
pp.30-43. : :

40. Keller, op. cit., pp.21-27.

41. ibid., p.23.
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chord. The same notation will be used fof what will here be known

as phrase elision, and for which Keller's description of phrase

linkage is appropriate. Keller's other two examples under the heading
'phrase linkage' do match his description, but the phrases between
which he finds eliéion ('linkage' in his terminology) would not be
revealed by any of the characteristics considered in the present work.
Keller reserves the term 'phrase elision' for a structure that would
have involved phrase elision. (in the present tefminélogy) if the‘
second phrase did not begin with an abrupt change, particularly of
dynamics or widely separated pitches. ~ A aual branch doeg, in fact,
seem appropriate to sucﬁ a structufé,'even thoughithe elision has

been weakened.

Phrase overlapping 'almost always requires the présenqe of two
or more voices'42 and, as such, requires twé separate structures in
the present notation, thus being morebsuitable for internal representa-
tion in the computer than for displaonn paper. Overlapping is one of
the key principles of phrase cbnstruction in vocal music, especially
of the‘Renaissance; such music can only be understood as a single
structure if the iatter is an.amalgamation of individual, overlapping

structures. Keller points out the overlapping in a single voice

which arises in the first C minof fugue of the-Weil—Tempered Clavier
from-dual repétition, 6ne local, the oﬁher gfbthe fugue subject.43
Overiapping tree—~diagrams (sharing thé same notes) are also required
for this type of structure (Example 2/47), 

The only addition to the form of individual tree-diagrams

required by these four types of phrase conjunction is the use of the

dual branch. This structure is particularly necessary to cope with

42, ibid., p.25. 43. ibid.
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a certain Eype of tonal cadence. The harmonic progressions mos£
commonly associated with cadences do not necessarily define a phrase
ending by themselves. - It is overwhelmingly the case that the sense

of closure in tonal music is durational, firstly, and that such
points of closure can then be evéluated harmonically. Example 2/48
consists of the second four bars of an eight-bar metrical unit and
the first four bars of the following eight-bar metrical unit. The
semiguavers in bars 7'and 8 clearly run on to the minim in bar 9 as

a point of duration closure which is also a point of harmonic cadence
(V - .I). Yet the minim, as a phrase ending, cannot be foliowed by an
uébeat to a new higher-level metrical unit beginning on bar 10; this
is precluded by the repetition starting at bar 1l. "Thus the structure
is an example of phrase elision, requiring a dual branch. If -bar 9
had begun with an appoggiatura, a dual branch would still be appropriate,
but would be positioned on a higher level (Example 2/49). Such a
‘structure indicates that the sub-tree common to the two b;anches is

appropriate to them both.

C. PREVIOUS NOTATIONS

The form of the present notation may now be compared with that of
its antecedents. Perhaps the first systematic study of the
independence of phrasing from metre was that of Riemann.44 In
encyclopaedic style, Riemann catalogues permutations of durational
motives in different‘positions with respect to the bar lines, in the
manner of Example 2/50, these motives being separated by a small

division mark, or Lesezeichen (literally 'reading sign', but

44, Riemann, op. cit.



80

but translated by Riemann as 'guide'),45 with higher levels of phrase
grouping indicated by a double or triple stroke. Keller notes that
this sign was first introduced by Tirk in 1789, and traces an earlier
tradition of equivalent signs for showing phrase divisions.46

Riemann's aim was to show the relationship between metre and
phrase grouping, on the one hand, and 'dynamic and agogic shading',
on the other, the term Agogik being coined by him to refer to the
slight fluctuations from strict tempo and duration that a performer
might use to enhance metrical accentuation and phrase boundaries.47
To Riemann, this relationship is indivisible; his analyses may be
viewed either as what Yeston calls 'interpreted structures',48 that is,
as given configurations of metre and phrasing irrespective of cause,
to which belong the patterns of dynamics and agogics that might be
most appropriate to a 'musical' performance, or as structures which
are themselves the products of such dynamic and agogic shading.

As interpreted structures, Riemann's three dynamic forms
(Example 2/51)49 may be seen as perceived rhythmic emphasis in
a general sense that is analogous to Cooper and Meyer's notion
of accent. His metre and phrase grouping can often be generated
by the structural characteristic which will be known here as

duration contour (see Chapter 3) and his phrase divisions mostly

depict repetition, although it is doubtful that repetition is always
strong enough to counter the effect of duration on phrase grouping
(Example 2/52a and b). In many cases, such interpreted structures

must be judged either as forms which can be generated by dynamics

45, ibid.,p.9,

46. Keller, op. cit., pp.l6-20, citing Daniel Gottlob Tiirk,
Klavierschule (1789, 1802), pp.20,23. ‘

47. Riemann, op. cit., pp.9-10.

48. Yeston, op. cit., pp.35-37.

49. Riemann, op. cit., p.15.
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(Example 2/53) or as forms which it might be possible to generate, but
in various unspecified ways (Example 2/54).

If, however, Riemann's metre and phrasing are seen as generated
by dynamics and agogics, respectively, this point of view is not only
challenged by cases such as those of the last example, but confuses
the ideas of musical and structural interpretation. A performance that
is devoid of dynamic and agogic expression may be dull but it still has
musical meaning; most of its rhythmic structure will be transmitted as
intended. To say that the structure was itself generated by its means
of expression would be similar to defining clauses and sentences in
natural language as groupings separated by pauses for breath.

From the point of view of notation, Riemann's Lesezeichen has
little more to offer than the use of slurs or separated notes (where
these would normally be joined togefher),-both of which devices Riemann
also employed ‘in his writing; and editorial work. Through his use of
dynamic signs, Riemann attempts to show the effect of a combined notion
of metre and phrasing and even introduces cénceptual graphs of the
dynamic curves involved at different levels of phrase grouping.50 But
here Riemanh is hoist by his own petard: by using dynamic signs to
unite smaller phrase groupings under a higher level of organization,
and having used the same signs as his justification of metrical
accentuation, he effectively puts forwafd the rather suspect idea that
his dynamic peaks mark the start of metrical units. Many of these
peaks are corréctly placed metrically, but it is through this idea
that the earlier-mentioned paradox of accents, expressed in dynamic
signs, leads to a distortion of metre.51 Equally suspect is the
corollary of this: that larger metrical units are inevitably

associated with greater dynamic accentuation.

50. Riemann, op. cit., pp.l143-4,148.
51. ibid., pp.186-7, 249-50, 256, 262 (musical examples).
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The use of slurs or square brackets to show éhrase grouping
(Example é/SS) suffers from the same drawback as that of division
marks, namely, that a separate metrical interpfetation is required.,
The possible confusion of phrasing slurs'with articulated slurs has
already beén mentioned, although this can be avoided by the careful
Vdefinition of signs and symbols. Layered slurs have been used by
Lerdahl and Jackendoff52 and layered brackets by Cooper and Meyer;53
the latter do not employ brackets solely for the use of phrase grouping, -
however. Lerdahl and Jackendoff are aware of the independence and
interéction of metre with 'grouping structure'54 and a combined reéding
of their metrical and grouping structures would*efféctiVely amount to-

a unified concept of metre and phrasing. The elimiﬁation of
unnecessary dots from their metrical analysis and the interspersion of
phrase grouping witﬁ metrical structure suggests the notétion of
Example 2/56, which is similar in form to that of ‘the present work and
also follows from a notation Lerdahl and Jackendoff themselves employ.55
Tﬁe tree~diagram notation is more suited to the presént purpose, however,
in showing metre and phrasing as an amalgamation of structural
connections.

~ The notation of Cooper and Meyer attempts to unify the concepts
of metre and phrasing through the use of several of the traditiqnal
accentual patterns (or ‘feet') of prosody{v Their five 'rhythmic
groupings' may be seen as an ekpénsion of Rieménn's beginning-accented, -t

middle-accented and end-accented forms; the iamb is linked to the

52. Lerdahl and Jackendoff, op. cit.

53. Cooper and Meyer, op. Cit.

54, Lerdahl and Jackendoff, op. cit., p.120.
55. ibid., p.126, Ex.7. :
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anapest, and the trochee to the dactyl, by 'Metric Equivalence':56

1. trochee = v
2. dactyl —~wvwv
3. amphibrach v~v middle-accented
4. iamb v~
5. anapest vu~

} beginning~accented

end-accented

With the ﬁacfon (=) representing a general sense of.accent, a rhythmic
grouping on a given level is identified by the enclosure within a
square bracket of the most appropriate accentual pattern. The whole
grouping is fhen assigned a ‘'strong' or 'weak' value on the next level,
such that a new rhythmic groﬁping is formed on tha£ level. Despite
criticism of the idea that a whole rhythmic groupiﬁg can be labelled
either 'strong' or 'weak', especially up'to the level of a whole
composition, and although Cooper and Meyer rély on intuition rather
than a formal theory for their selection of the appropriate accent
pattern, thé principal objection to the use of their notation in the
present work stems from the fact that accentual‘patterns appropriate
to two distinct leVeis are diSplayédlon a single level.

The notational.inconsistency caused by Cooper and Meyer's fusion
of levels may be observed first. If their notation is taken as a
representation of metre and phrasing, it'is-apparent that neither the
accent-sign (—) nor thé square'bracket has aAsingle; consistent
function within such a representation. An end-accented or middle-
accented grouping always denotes a phrase grouping. An end-accent
may denote ddrational or harmonic closure where atﬁéched to a specific
note, but may also be expected to function as a metrical accent, which

7 s .
is a beginning—accent.5 A beginning-accented grouping usually -denotes

56. Cooper and MeYer, op. cit., p.22.
57. ibid., p.51, Ex.68.
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a metrical grouping, but it may also be a phrase grouping.58
An accent attéched to a whole grouéing may qualify a metrical accent
on a lower level, for example when two equal accents on the lower
level are distinguished as strong and weak on tﬁe next (Example 2/57);59
it also appears to distinguiéh beﬁween end—accents60 or between the
non-accents which end a trochaic or dactylic phrase grouping.61

Despité the apparent contradictions in the above, metrical

structure can, in fact, be read correctly in Cooper and Meyer's

notation, with the aid of the barlines. Up to the level of-a‘bar, the

macron almost invariably denotes the start of a metrical unit, even if

it functions as an end-accent or middle-accent as well.62 Beyond this
point, a bracket groups -lower-level groupings inté groupings which are
higher-level metrical units plus any initial upbeats and minus any
following afterbeats. It also differentiates betweén their initial
accentual values, as the vertical alignment of the§é~values shows
(Example 2/28). If such differentation were inappropriate, this could
be indicated by introducing an ‘equal-value' sign (=) into the
notation.

The presentvobjection to Cooper and Meyer's noﬁation is ‘due less
to its form than to the distortion of hierarchical levels which it
entails. The authors' fusion of levels is revealed bvaeyer in the
following statement and in the example to which it refers (Example 2/58):

'A’series of notes of equal duration in duple meter tend to be heard

58. ibid., p.103, Ex.117, level 3.

59. ibid., p.42, Ex.53a. ‘ ‘

60. ibid., p.115, Ex.125. The iambs on level 1 are so distinguished
on level 2. ,

61. ibid., p.103, Ex.117. The trochees on level 3 are so distinguished
on level 4.

62. An exception is: ibid., p.92, Ex.1l06a, level 1.
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as trochaic. This effect will be particularly clgar if a slight
accent is placed upoﬁ each main.béat.'63 Yet such an example must
have two hierarchical levels, not one, in order to be consistent
with its nearest equivalent, Example 2/59, in which the two levels
are distinguished as separate Quration strings.: Oﬁ each level of
Example 2/59, the durations are undifferentiated;'tﬁe pattern of
dynamic accents which they generate is thus a préduct of the two levels
seen in conjunction. In Example 2/58 the dynamic accents may never-
" theless be seen as appropriate to the first level; to perceive duple
metre, however, there must be a mental connection bétween ﬁhese
accents, which will form a second lével.

Thus Cooper and Meyer's nota;ion, at least up to the level of the
bar, shows each level .as seen from the one above. Although the
authors argue, correctly, that rhythm depends on differentation, it
is still necessary to be able to show a lack of_éifferentation on a
single level. Alternatively, it is possible for material tq be
differentiated on one level and to be fufther differentiated by another
characteristic which gives rise to the next level. One effect of
Cooper and Meyer's fusion of levels, then, is that certain rhythmic
patterns Ehat exist on one level in their own right cannot be shown as
such.64 For example, where accentual patterns arise from relative
duration, the duration strings of Examples 2/60a and 2/6la are
appropriatély an (end-accented) iamb and (middle-accented) amphibrach,
respectively. Placed at the beginning of a metrical unit, however,

5

they are given a beginning-accented pattern (Examples 2/60b and 2/61b).6

Cooper and Meyer preserve the lower-level accent with a stress mark (4),

63. Meyer, op. cit., p.32.
64. In one case (p.l127, Ex.134), Cooper and Meyer do show the

lower-level pattern, by splitting a level into two parts.
65. Cooper and Meyer, op. cit., p.41, Ex.6lc.
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which they have initially defined as denoting dynamic intensificétion;66
This is an unfortunate inve;sion of reality, éinée,_in many cases, it
is dynamic intensification on the lower-level 'weak' note (often from
an accompaniment) that generates the metrical aqcent and prevents that
note from becoming a structural upbeat; a stressed non-accent might
therefore be more appropriate (Example 2/62).67

The difficulties of notation that Cooper and Meyer éxperience
with the opening of Brahms' Symphony No. 3, third movement,68 ére
easily resolved by a separation of their fused levels. Accentual values
have been added to the present notation in Example:2/63 to show iambic
grouping from duration on level 2 and from a creséendo and consequent
dynamic accent on level 3. 1In relation to level 3 ﬁhe decrescendo
figure is trochaic (£?Zl), the trochee's accent coming from metriéal
and dynamic accehtuatibn (l==y. Finally, the trochaic pattern of the
durations on level 3 prevails over the dynamically accentedbiamb in
forming the grouping on the next level,b

At levels higher than the bar, when the effect of metrical
accentuation is beginning to weaken, accentual.éatterns on a single
level tend to predominate over those as seen from the next level and
appear in Cooper and nger's analyses in preference to the latter.
This is, of course, the apparent paradox of gccents to which reference
has been made and under which a beginning—accented‘metfical’accent
ﬁattern may give way to an end-accented one. Tﬁe faét,that it does
-not lead to a confusion of levels in Cooper and Meyer's notation seems
partly due to the similarity in timélength befween phrase grouping on

one level (in the present notation) and metrical grouping on the next.

66. ibid., p.8.

67. Further examples of this inversion are: ibid., p.32, Exs.40a and 40b;
p.44, Ex.57. -

68. ibid., pp.168-171.
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Por instance, two four-bar phrases may be asserted 6n one level and
connected on the next, the connectionvconfirming the four-bar phrase
length as a metrical timelength and relating the two phrases to each
other to form an eight-bar phrase (Example 2/64). Since Cooper and
Meyer's groupings higher than the bar usually denote phrase grouping,
they may substitute for metrical units that in the present notation
would require to be asserted on the next level.

In removing the inconsisteﬁcies in Cooper andlMeyer's notation
for,preseﬁt purposes, it woqld be necessary first ﬁo eliminate the
use ofabrackets for both metrical and phrase groupings. An overlap
between beginning and ené—accented gréupings is a common feature of
Cooper and Meyer's notation, suggesting st£uctural ambiguity not
always to be found in‘thé music. Inevitably, the square brackets
would have to show only phrase grouping and the ﬁotes which identified
the beginnings of.metricai units would then'have'to be indicated,
perhaps using the accent marks. It may be seen from Example 2/65 that
this specifies a form of notation that is virtuaily identical to that
of Example 2/56, suggested as an improvement to the notatién of Lerdahl
and Jackendoff and péssessing the prinéipal features of the present
notation, but without the connection of structurél groupings.

Since the form of the tree-diagram notation has lérgely'béen
diétated by the desire to show the interdependencé of»ﬁetre and phrase
grouping, it is not claimed to be ideal for every aspect of musical
structure, but reflects the limitations of style and scale that were
discussed in Chapter 1. Although each diagram deals only with a single
musical line, in polyphony, far from forming a haphazard collection of
independent structures, the individual diagrams aré linked by a common

metrical structure, although it is possible for any line to put forward
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a subsidiary metrical structure of its own, producing a cross—rhythm
in the overall context. Individual lines are also linked by a common

harmonic structure and through their relationship to the attack string

{or 'rhythmic resultant'),69 which is the composite string of all
durations regardless of their liné of origin.and to which can be
ascribed any overall metrical structure.

The notation's dependence on metre for the connection of phrase
groupings seems fo render it ineffective when metrical connections
can no longer be made. 1In fact, there is no musical reason why new
branches should.not be forﬁed and connected as before, to show the
grouping of phrases into what are normally calléd 'sections' or
'paragraphs'. To treat such sections as if théy were metrical units
(and even to name them as such) would reflect what they have in common
with lower-level metrical units and would imply no distortion of the
latter concept. The one notable difference would be that new
structural groupings would normally be formed to connect one established
phrase or section with the presumed‘start of another, rather than to
show a connection between structurally accented notes or chords, as on
the lowest levels.

The principal objection to the formation of structu;al g;oupings
up tQ, say, the level Qf an entire compositibn would be visual, if
such diagrams were to be written, as oppoéed to being stored in
computer memory. Large gaps between the branches of structural
groupings would make it difficult to grasp the significance of the
connections. Although the purﬁose'of the tree-diagram notation is
as a conceptual model, not a teaching one, it may be that the hierarchical

structuring of sections is in any case better represented by some other

69. Yeston, op. cit., p.26.
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means, such as nested squaré brackets.  The general form of the
relationship between a nestedfbtﬁcket notation. and the preseﬁt ﬁfée—
diagram nbtapion is shown in Exémple 2/66,»each number referring to the
numbér of-bérs in a hypothetical phraée., In the tree-diagram notation,
the structural grouping in. which tﬁe:si§teen—bér phrase is asserted
_depidt$ the phraselength as 8+8, whereas the nes;ed—bracket noﬁation,

on the same level, refers to it directly as 16.
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CHAPTER THREE

STRUCTURAL CHARACTERISTICS: DURATION

Of the two main parameters in music - duration and pitch - the
structural characteristics arising from duration patterns will be
considered first. This is not because pitch is less important than
duration; it is probably more important. Nevertheless, while only a
single pitch or chord can be sounded without creating even the simplest
rhythmic pattern, sequences of dQurations can be considered independently
of pitch, as if played on unpitched instruments, however impoverished
a view of music this might be on its own. In many of the following
examples, however, pitches will be included, not only to help to
identify the source, but also to show the effect of the metrical and phrase-
grouping aspects of duration on the passage. Where this duration
structure is inadequate, inaccurate, or ambiguous, it serves to
highlight the fact that 'rhythm', even in the pregent limited sense,
means more than simply 'duration' and must take pitch and harmonic
factors into account.

A sécond reason for considering duration structure first is that
it is less well understood than pitch and harmony. Perhaps because
of this, the analytical technique of Schenker and his followers tends
to give the impression that pitch and harmonic structure is the
essence of Western tonal music and that duration is mer ely their

servant. In Schenkerian theory, a composition is an Auskomponierung

('composing-out') of a basic pitch structure in which durational
values do not appear, being added only at the foreground levels as
if lacking in any structure of their own. Some redress of the balance

in favour of duration has long been overdue and the Schenker system



will be devalued not one bit by continued research into duration
structure and rhythm in general, for no theory based on a limited
view of music ({(including thevpresent one) can claim to answer all
questions of musical structure and meaning. The opening of the
last movement of Mendelssohn's 'Italian® Symphony (Example 3/1) is
just one of the many instances in which. the character of the music
is chiefly determined by a distinctive duration pattern. In such a
piece, a pitch and harmonic énalysis may be useful, but will not

grasp the essence of the musical message.

A. DURATION COUNTOUR AND METRE

If the notes of a single written musical line are considered
without regard to pitch, tempo, articulation, dynamics, and timbre,

the remaining duration string has only one feature that could gen-

erate musical shape or structure: the proportional values of its
durations. If these values are displayed graphically as a series of
vertical lines (Example 3/2), a pdtential structural characteristic be-~
zomes clearly visible in the contour described by the varying height of

“he lines. This characteristic will thus be termed duration contour.

The principélifeatﬁre‘of dufétion contour is that of a sense
of movement from shorter'yo longer durations. in which the latter
may act as points of cadence, or closure, ca?able of absorbing the
momentum from preceding éhorter notes. Conversely, a duration which
is followed by shorter notes usually seems unresolved until matched
by a duration of equal or greater léngth. That thisvrhythmic motion
is as described seéms due to our response to the rate of chanée per
unit of time. If such a unit, irrespective of its size, is filled by

a single note, it is associated with‘less change, or less activity,
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than if it is filled by, for example, several separately articulated
notes of the same pitch or several legato notes of different pitches,
and still less activity in comparison with several separately
articuiated notes of different pitches. Such a notion of activity
accounts for the sense of acceleration and deceleration that may be
felt in a passage like Example 3/3, provided that the increasing or
decreasing frequency of attacks is not simply perceived as so many
more or less subdivisions of a given metrical mﬁltiple.

Compared with ihe activity of preceding, relatively shorter
durations, then, a long duration is sensed as a period of rest, or
stability. Although the opposite motion - an increasing frequency
of attacks - also gives rise to a steady state in the form of a
continuous pitch,l this is not a phenomenon that it has been possible
to exploit until the advent of electronic,music.2 The motion from
gsubordinate shorter durations to longer ones may be loosely equated
with the terms ‘'upbeat' and downbeat', respectively, but it can be
misleading to use these terms in a non-metrical context and it is
perhaps better to say that duration contour grades duration values
as relatively 'weak' or 'strong'.

Durétion contoﬁr’is in some respects analogous to physical
contour and a sense of vérying gradient. The greater the proportion
between a duration and a shorter note immediately preceding it, the
greater the 'gradiént‘,‘that is, the greater the emphasis on the
1ongér note, not in its own right as an absolute quality, but in

relation to the preceding note. Meyer has observed that in a sequence

1. Karlheinz Stockhausen, 'How Time Passes’, Die Reihe, 3 'Musical
Craftsmanship' (Bryn Mawr, Pennsylvania, 1960).

2. The electronic sounds in Stockhausen's 'Kontakte' (1960), for
example, were produced by accelerating periodic sequences of
impulses provided by a pulse denepator. See Karl H. Worner,
Stockhausen: Life and Work, translated by Bill Hopkins (London,
1973), pp.l36-7. ‘




93

6f alternately 1long and short notes (Example 3/4a), increasing

the proportion between the long and short durations binds the
shorter note more closely to the longer one (Examples 3/4b and c).3
Ultimately, the shorter duration is reduced to an acciaccatura, at
which point musical notation confirms our perception of it as a
rhythmic inflexion of the longer note (Example 3/4d).4 Here there
is no doubt that the longer duration appears accented by the preceding
shorter one. Such an accent is not a dynamic accent (although it is
quite likely that it will be emphasized by dynamic accentuation in
performance), but a structural accent of duration contour, created
by the sharp increase in relative notelength. If the longer noté is
followed by others of the same length (Bxample 3/5), it is apparent
that only the first of the equal durations is perceived as
structurally accented.

While an intuitive understanding of the sense of duration contour
is commonplace, neither its effect in generating metre and phrasing
nor its place as a constituent of rhythmic structure within a metrical
context seem to have been adequately investigated. Many of Riemann's
analyses could be seen as an attempt to consider duration contour
within different metrical contexts,vbut,Riemann does not investigate
how duration itself miéht have given rise to the metre and phrasing
indicated.5 Schachter, reviewing rhythmic theory nearly a century
later, describes what he Eallsv'durational rhythm' in similar terms
to the above, but ié unable to make more than general comments on its

N . 6 . . .
place within metrical structure. Likewise, LaRue simply notes that

3. Leonard B. Meyer, Explaining Music (Berkeley, California, 1973),
p.32.

4. The acciaccatura has been represented numerically as O. An
approximate proportion is used in the graph.

5. Hugo Riemann, Musikalische Dynamik und Agogik (Hamburg, 1884).

6. Carl Schachter, 'Rhythm and Linéar Analysié‘f The Music Forum,
4 (1976), 281-334 (pp.315-6).
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'rhythmic contours' can create a satisfying phrase and provides two
. illustrative examples.7

Smither sees a relatively long duration as restraining rhythmic flow
and classifies its accentual effect by its notated length, its length
relative to its immediate neighbours, and whether, in revexrse order of
effectiveness, the following note alone is shorter, the preceding note
alone is shorter, or both neighbours are shorter.7'l He notes that
durational accents may occur in regular or irregular patterns, but does
not develop a theory to explain the generation of metrical structure within
the different configurations of structural accents. In the account‘which
follows, duration will be considered first from a non-metrical point of

view in order that its effect on metrical and phrase structure may be

examined without the bias of a given metre generated by other characteristics.

1. Pre-metrical phrase grouping

To begin with, the display of duration contour may be changed to save
space. The strict proportions of the duration values' vertical lines are
not always necessary and in the following examples will be replaced by
columns of crosses, which rank the duration values in ascending order of
magnitude: one cross for the shortest duration, two for the second smallest
and so on. The time base will be measured in units of the duration 1,
thereby maintaining the proportions of the attack intervals. Such a display
allows the eye, in most cases, to form groups of durations intuitively,
largely by proximity of attack. The Brahms theme of Example 3/2 has been
rewritten in the new display as Exampie 3/6, with an intuitive grouping
underneath. Being based on proximity, such groups suggest a pre-metrical
form of phrase grouping which follows duration contour in the sense that
the last duration of each group tends to be the longest, since it is its

7. Jan LaRue, Guidelines for Style Analysis (New York, 1970), p.lO5.

7.1. Howard E. Smither, 'The Rhythmic Analysis of 20th-Century Music',
Journal of Music Theory, 8 (1964), 54-88 (p.62).
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relative length that normally defines the group's identity, separating
it from adjacent groups. The inherently hierarchical nature of duration
contour and durational phrase grouping is also self-evident in Example 3/6,
relatively long durations being subordinate to those of even greater length.

Mere intuition is not satisfactory, however, and a more systematic
derivation of such grouping must be sought. What is required is a form of
Cluster Analysis.8 If proximity of attack were the only criterion for
grouping and the relative 'strength' ascribed to the duration values did
not have to be taken into account, the simplest form of clustering, the
single-linkage (or 'nearest-neighbour') method, would be sufficient.9 For
the Brahms theme (Examples 3/2 and 3/6), this method would produce a
dendrogram (tree-~diagram) with the general form of Example 3/7 , in which
the closest attacks, separated by the duration 1, are grouped together first;
then those separated by the durations 2, 3, 4, and 6, respectively. By
this means, the single-linkage method will faithfully generate successive
groupings of durations by proximity of attack, with each group ending on
its longest duration, thereby following the principle of progression
from shorter to longer durations.

Yet the single-~linkage method often produces groups which seem
musically wrong as phrase groupings or which are acceptable, but forx
the wrong reasons. In the Brahms theme (Example 3/7), it assumes
that the group 3 1 6 is formed by joining the duration 3 to the
duration 1, the latter already grouped with the following duration 6,
whereas to a musician the mental connection, or transfer of 'rhythmic
weight' is between the two longer durations, the 3 and the 6. 1In
conjunction with this connection the existing grouping 1 6 forms a
higher~level grouping 3 1 6, yet the attack interval 4 which connects
8. The term 'Cluster Analysis' refers to any of the several

mathematical techniques for clgstering, or grouping, multi-

variate data according to their proximity in multidimensional

space. See Brian Everitt, Cluster Analysis (London, 1974).
9. Everitt, op. cit., pp.9-10.
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the 3 and the 6 is the same as the previous duration; thus, at

the level at which durations separated by this attack interval

are clustered together, the grouping formed should be the string

4 3 1 6 (Example 3/8): A similar connection shouid group the last
four durations of Example 3/9, rather than the sinéle-linkage
method's curious grouping at the stage at which groups are linked
by the attack interval of a dotted crotchet (6). 1In a further
example, the Bach fugue subject of Example 3,10, the single-linkage
method finds the string 1 1 2 2 8 as a grouping in preference to
112288 and includes this last duration only-.after it has grouped
together all of the preceding hotes.

Restoring the vertical dimension to the duration values suggests
the possibility of clustering on successive rows of crosses, working
from the bottom up. By this means, groups are forﬁed~not-only by
joining adjacent notes, but by making connections between structural
accents of duration contour,‘that is, between non-adjacent relatively
"long durations. Ekample 3/11 is a cluster analysis of the Brahms
theme by this method, successive stages, or levels, of clustering
being shown by the rows of conneoting brackets below the graph, read-
ihgvfrom the top down. The pre-metrical phrase groupings that have
been formed up to and includrng a given level are read, as in Example
3/8; by amalgamating those strings, as specified by the connecting
brackets, which have at least one duration in common. Each size of
attack interval represents one level of clusteriog only, the attack
intervals being arranged in ascending order of magnitude apd placed in
brackets on the left of the diagram. In Example 3/11 the levels of
connecting brackets correspond to the smallest attack interval avail-

able for clustering on rows 1,2,3,4, and 5,respectively, of the graph.
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The full procedure for the pre-metrical clustering of

durations is as follows:

On each row, proceeding from the lowest to the highest:

(1) Connect those durations that are separated
by the smallest attack-interval. (There may
be duplication of previously made connections,
but this does not matter.)

If (2) The smallest duration value has been connected -
to a larger duration unless none is available -
designate the next larger duration value as the
'smallest' and proceed to the next row. Go to
Step (l). (The connection to a larger duration
may be indirect, provided it is not by way of a
smaller duration value. In Example 3/12, the first
"*'2' is considered connected indirectly to the '3'.)

Else (3) Connect by means of the next larger attack-
interval of the row. To be valid, each connect-
ion here must involve the current 'smallest'
duration value and must enable an unconnected
duration to be connected. Go to Step (2)-.

Note: (A) A bracketed string terminates with a 'shorter'
duration if (and only if) that duration is
closer to the preceding member of the grouping
than to the succeeding duration of equal or
greater length.

(B) Step (3) may establish a new level of clustering,
but a subsequent Step (1) may make connections

at that level or .on a lower or higher one, as
appropriate. : ’

In this method of élustering, then, when each duration value,
starting with the smallest, has been grouped, the analysis proceeds
to the next higher row of the graph. In some examples, more than
one stage of clustering is required to group a parﬁicular value. 1In
Example 3/13, for instance, the first crotchet (4) is separated on
row 3 by an attack interval of 8 and its clustering must succeed
that of the subsequent crotchets, éeparated by the smallest attack in-
terval of 6, even though the latter forms a grouping that includes a

longer duration (5). Similarly, in the method's analysis of the Chopin
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example considered above (Example 3/14), the second dotted crotchet
(6), separated by an attack interval of 8, is groupéd before the
first one, whéée relevant attack interval is 16.

Unlike the single-linkage method, ﬁhe proposed'method of
clustering does not always produce groupings which end on their
longest duration. The absurdity of grouping each duration with the
first succeeding longer one, however distant, is seen in Example 3/15.
In the proposed method, if a duration has not already been connected
and is separated from the preceding duration of eqhal or greater length
by a shorter attack interval than from the succeeding such duration,
it is grouped with the preceding one. Examples 3/16 to 3/19 show
instances of this type of grouping, the durations S0 grouped being
marked 'X'. In fact, in the Schumann and Berlioz examples (Examples
3/18 and 3/19), these durations are grouped, in the Ffull context, not
with the preceding longer duration, but with the following one,
matching duration contour (Examples 3/20 and 3/21)4 However, it must
be assumed that at a preQmetrical stage of analysis thé infofmation
which would generate the full metrical and phrase-grouping structure
is not yet available. While there is bound to be a certain arti-
ficiality in considering one structural charactériétic on its own,
its effect on metre and phrasing in general need not be invalidated -
simply because it is superseded or surpassed in certain contexts by
other more powérful characteristics or preferences.

Apart from producing the essentials of smali—scale phrase
grouping in most cases, the pre—metfical analysisiof duration contour
has two important functions. One is to provide a hierarchical structure
for duration strings where there is no certain metre, as in

‘Examples 3/22 to 3/24. The other is that, in being derived from the
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possible connections between the structural accents of duration
contour (thé relativély longef notes), the pre-metrical structures
put forward potential metrical connections. Althoﬁgh in'many exampies
some or all.of these connections are contradicted By the eventual
metre, in others they are clearly capable of generaéing it

(Examples 3/14, 3/25 to 3/29).

It is interesting that such an elaborate and richly varied
duration string as Example 3/28 nevertheless generéteS'a metrical
multiple, but the other Mozart example (Example 3/29) is even more
noteworthy in geﬁerating a hierarchical structure which, if placed
above instead of below the duratidn string (Exampie 3/$Oa), is
virtually identical to its equivalent in the tree~diagram notation
described>in Chapter 2 (Exémple 3/30b) . Subdivisiqn of a given
metrical multiple is the only amendment required Eo generate the
latter from the former. This is not mere coincidence, but reflects
the close correspondence between the tree—diagramfnotation and its
origins in duration structure;vindeed, the grouping structures of the
remainder of these 'metrical' duration strings also require few
transformations to be turned intd their full tree—diagrams.

The assumption that mental connections are made bétween relatively
longer durations separated by one or ﬁore shorter notes stems from the
longer durations' greater prominence or 'rhythmic weight'. But if
it is to be claimed that these connections generate metre in the
examples just cited, rather than merely being coihcidental with it,

it is necessary to investigate why they do not always do so.

2. Preference for reqular metre

Apart from structural characteristics which are external to

durational structure, one reason is that there appears to be a
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general perceptual preférence, at least to the Wesfern listener,

for reqular metre which may be incongruent with duration contour,

as opposed to the irrégdlar metre following duration contour that

is often put forward by the above grouping procédﬁfe.  If connections
between the structural accents of duration contour are potentially
metrical, then the addition of a preference for regular metre should
cause the first such connection to be asserted ag a potential
metrical multiple, unless other structural charécteristics or
perceptual preferences predominate. This would élso be in accordance
with the.eérlier—noted parallel between metre and duration, namely
that, in functioning as the analogue of a dura?ioﬂ and as a means

of measuring.time proportionally, one metrical timelength predicts
another of the same length, whether the expectation is subsequently
.fulfilled or not (see Chapter_2, Section A).

Examples 3/31 to 3/34 are instances of themes in which the
timelength established between the first two structural accents of
duration contour is maintained as a metrical multiple by the
preference for regular metre, despite being incoﬁgruent with the
characteristic's subsequent structural accents.: Fof easy reference,
this feature will be known as the multiple f;omuduration contour.
The mental conneétions belonging to the multiple are marked 'M"
beneath the graphs. Where the multiple does not coincide with an
attack, broken lines have been used to indicate tﬁe subconscious
counting, rather than overt syncopation, that is_involved in
maintaining the multiple.lo Shch subconscious counting can resultA

in the amalgamation into a higher-level timelength'of the metrical

10. The distinction between overt syncopation and subconscious
counting is considered in subsection 4 below.
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timelengfhs breceding and following the missed attack. In the

Mozart, Handel, énd Wagner examples_(ﬁxamples 3/32. to 3/34), the
metrical multiple forms a pattern of metrical timelengths in the
proportions 1:1:2 (c.f.JJJ), and in the Mozart example (Example 3/32)
the immediate repetition ef the amalgamated timelength establishes a
higher-level multiple ('Mﬂ) to which the preceding lower-level
metrical timelengths become upbeats. A similar higher-level multiple
operates;from the beginning of the Handel example (Example 3/33), but
is generated not by duration but by the pattern of.harmonic changes
generally known as harmonic rhythm. In the WagnerAexample (Example
3/34), there are two levels of metrical multiples from duration contour
(marked 'M' and My, generated by the attack inﬁervals on rows 3 and
4, respectively, of the graph.

Returning to the earlier duration graphs, the mﬁltiple from
duration contour may be seen to generate the commonly understooa metre
in Examples 3/11, 3/16, 3/17,and 3/18. The Bach fugue examples
(Examples 3/22 tp 3/24) must be excepted. since their-metrical ambiguity
involves too maﬁy factors to be explained at this stage. In the theme
from Beethoven's 'Emperor' Concerto (Example 3/13), the initial
incongruence of metre and duration contour is proéuced by the
accompaniment, particularly by harmonic rhythm,-which-is,also directly
responsible for the 6/8 multiple in Example 3/19'(Berlioz: Romeo and
Juliet), althoﬁgh this multiple could be determined by subsequent binary
subdivision of the structural timelengtﬁ of 24 from duration contoﬁr
(row 6). Whether the attack interval of 24 is maintained as a multiple
beyond two counts, however, is in some doubt. |

Notwithstanding the importance of the initial structural time-
length of duration contour as a potential metrical multiple and the

large number of themes whose notated time—signature it will match,
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the feature itself is of less importance to the bresent discussion
than the quéstionsvand assumptions it leaves in ité wake. Firstly,

it is apparent that it will not generate a multi?le_in every instance,
even where melodic and harmonic factors are expressly discounted.

The timelength of 24 discussed in the Berlioz example above (Example
3/19) is a case in point; more unlikely still is the multiple 10 in
the Bach fugue subject of Example 3/24. Thus, tﬁére is the question
of which timelengths are acceptable as metrical multiples and why.
Secondly, there is the matter of incongruence with,éubsequent duration
contour: whether there are limits to the number of attacks that can
be missed or to the number and size of. incongruent structurally accented
durations that can be tolerated. Thirdly, in many cases fhe first
structural timelength of duration contour follows what will become an
upbeat if the timelength is perceived metrically. Since more than one
layer of upbeats is possible and the first structural timelength might
be followed later-by a larger one, it must be asked whether there are
limits to the number of such layers and their separation in time, or
whether music is essentially anacrustic, as Riemann appeafed to
believe. In each of these matters, the deciding faétor is undoubtedly
ease of perception: the simplest structure is the one most likely to

be percéived.

3. Choice of Mﬁltiple

The weakness of a metrical multiple maintained automatically (by
expected repetition) was illustrated in Chapter 2‘by an example
(Examples 2/6 and 2/7) in which a multiple which.had ceased to be
asserted by a structural characteristic failed as soon as another

characteristic put forward an alternative structure. While it seems
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from many of the above examples that duple and triple metre can
often be maintained automaticaliy in opposition to duration contour,
the failure of the metrical multiple 10 in Example 3/24 raises doubts
about whether the same is true of regular metre based on a multiple
of 5 or, for that matter, any higher prime number.ll

Example 3/35 is constructed so that it can be partitioned by the
metrical multiples 5, 7, and 11, whereas the multiples 2 or 3 would
require subconscious counting oxr syncopation (markéd,__dm__w__ ) ; yet
it seems that 2 is the most likely multiple. Even in a string like
Example 3/36, although it is easy to perceive the muitiple.S throughout
by deliberate choice, it is not cértain whether sﬁch a multiple would
otherwise be maintained beyond the third of fourth count or whether it
would be supplanted by, perhaps, binary metrical grouping. As a
working hypothesis, then, it may be assumed that duple metre is most
easily maintained against incongruent duration contoﬁr, triple probably
less so, with quintuple, septuple and others hardly worth considering
in this respect, since they would have to challenge ﬁot only incongruent
duration contour but also the Wéstern listener's traditional expectations
of structures in duple or triple metre: witness fhe ease of perceiving
the ];)Iatternlrt-rlE r clr in Examplé 3/35.

Clearly, the larger an automatic multiple is, the more vulnerable
it will be to being diéplaced by incongruent smaller-scale structures
which will literally be perceived first. Metrical timelengths in

duple or triple metre will be perceived before those of higher prime

11. In the present work, 'the multiple x' refers to a metrical
multiple; 'a multiple of x' refers to the number series
X,2%,3X,....., as in conventional usage.



104

numbers and in this regard it is significant that, since metre is
additive, any metfical timelength greater than three is an aggregate
of twos or threes and is highly likely to be seén as so compounded if
it may be perceived at all;12 conversely, unless these duple-metre or
triple—metre.timelengths are unambiguously grouped into higher-level
metrical timelengths based on a prime number greéter than three,
alternative metrical groupings may assert themselves. Thus, it is not
surprising that the use of irregular metre and mu}tiples based on prime
numbers greater than three relies heavily on béiﬁg produced by the
dominant étructural characteristic (or group of characteristics) in
é given-rhythﬁic texture, and in particular by repetition.

~ The pfeference for duple and triple metre.to métrical multiples
based on higher pfime numbers suggests that_there'might be a similar
preference between duple and triple metre thémselves. If there is, it
is certainly less marked; on the small scale it is hard to find any
evideﬁce for it at all, since there are relatively few duration strings
which present a genuine ambiguity between the two metrical multiples.
The duration string of Example 3/37 does not do so, for instance. The
anticipated repetition of the crotchet as a metrical timelength causes
the following guavers to be groupgd in twos; apother structural
characteristic would have to group them in.threes to create a 6/8
metré; The well-known hemiola does not qualify as an example either,
since it is a cross-rhythm, presenting simultaneous duplé and triple
subdivisions of the multiple 6, one of which may predominate metrically

with the other heard as a syncopated subsidiary structure.

12. If it may not, it is likely that the string involves durations of
complex proportions, posing further difficulties of perception
considered in Chapter 1, Section C.
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The subdivision of the first metrical timelength 6 in Example 3/38
(marked 'A') differs from the hemiola, however,»in tha£ whichever of
the two lower-level multipies is chosen, the other contender will tend
to be forgotten. Thus, while there is a metrical ambiguity in this
example up to the second détted crotchet, it is resolved retroactively
in the second metrical timelength 6 in favour of a 3/4 subdivision in
Example 3/38a and a 6/8 one in Example 3/38b. Example 3/40 is
rhythmically interesting because, with melodic patterns also to be
taken into account, this process of retroactive interpretation leaves
a metrical ambiguity in its wake, rather than solying one: the ambiguity
is between a cross-rhythmic interpretation (Example 3/40b) and
irreéulér metre.gExample 3/40;).

In Example 3/41,.a ternary multiple is upset by a binary pitch
pattern, évén though pitch patterns tend to be thé Qeakest, metrically,
of all structural charaqteristics; yet the ternary pitch pattern in
Example 3/42 is subordinate to a pre-established binary multiple (from
the preceding scherzo). This might be indicati&e of a éenefal
perceptual preference for duple to triple metre but‘for a more
fﬁndamental prinéiple; a well-established multiple is more likely to
be continued automatically in oppositibn to ah alternative structure
than a newly-established one. Thus in Example 3/43 the binary pitch
pattern does not»upset the established triple metre, but is subordinate
to it.

There is at least one set of circumstances in which a preference
for duple to triple metre might be a useful default procedure to build
into a computer program, however. In cases(like Example 3/44, where
the first structural accent of duration contour is the duration 3 (or

a multiple of 3) put is not incorporated into a metrical unit for some
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time ahead, it seems more likely that the Western listener, through
cultural conditioning, will perceive a binary multiple (in this case 4)
than a ternary one (in this case 3). Such a preference could only be
considered to operate in anticipation of further information and its
binary multiple would be rejectéd by any structural characteristic
with which it were incongruent. The procedure could also be extended
to durations that are prime numbers greater than 3 or multiples of
these numbers.

The fact that smaller metrical timelengths are perceived before
larger ones has some effect in giving preference to binary rather
than tefnary groupings, but this process appears to take place not
at the levels of the initial metrical connections, but at higher levels
where the distinction befween metrical and phrase grouping can become
blurred because each is contributing to the'perception of the other.
At such levels, Western music has a clear preference fér binary
grouping in default of any other. While this does not amount explicitly
to a preference against ternary grouping, anyone may test for himself
the practical difficuities of composing in grdupings that are successive
powers of 3. For example, the main theme of the first movement of
Elgar's 'Cello Concerto, already in 9/8, might be altered to make the
melodic repetition occur after three bars instead of two; but it is
highly likely'that a following three-bar unit constructed in similar
manner would give rise to the binary 'antecedent-conseguent' form

before the third such unit had been heard.

4. Syncopation

The automatic continuance of a metrical multiple in opposition

to duration contour is clearly dependent on the complexity of
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syncopation that can be tolerated. The size of each incongruent
duration, its position within the proposed metrical timelength, the
size of that timelength, the number of missed attacks, and tempq are
all factors which would seem to have a bearing on whether the
structure put forward is too complicated relative to some alternative
structure. With so many variables to handle, the toierance of
syncopation might appear to be'qualitative and oniy'roughly determinable;
" yet, in practice, the influence of other characteristics tends to
decide most of the potential ambiguities before they.arise. For
example, the number of missed attacks does not seem tc threaten our
ease of perception if the syncopations aré contained within a higher-
level timelength wﬁose perception is ensured, as is che semibreve
multiple (8) in Exaﬁple 3/45, which is generated by pitch unity.

The matter of duration‘contour being in syncopation with a given
multipie and thus metrically subordinate to it can be simplified by -
removing from the discussion what is perhaps the most common'cgtegory:

overt syncopation. This term will refer to those circumstances in

which the prevaiiing metrical accent is sounded, that is, it is carried
by a note in some line other than the syncopatéd one. Moreover, if

the metrical accent does not simply occur by‘defaﬁlt (as when it is

the product of an automatically continued multiple), it will, by
definition, fall on the note or chord which generatés it, the one
highlighted by the predominant structural characteristic at that point.
When the syncopated duration is perceived as part of such a metrically
interpreted context rather than as a member of a single musical line
with its own identity, it is heard as split: into a note which precedes

a sounded metrical accent, followed by one or more tied notes, each
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falling on a sounded metrical accent (as in Example 3/46).13

By making incongruent durations subordinate to the prevailing
metre, overt syncopation essentially avoids any conflict between
duration contour and a previous multiple; yet the syncopated line's
identity in its own right cannot be denied altogether. Thus it can
hardly be by accident that when melodic lines involve complex
syncopations and, without the accompaniment, would present metrical
irregularity or ambiguity, as, for example, in jazz and twentieth-
century popular music, they tend to be accompanied by a forceful and
steady beat, a framework around which the incongruent durations may
be wovenb and within whose order they may, paradoxically, be all the
more free,

Within a single line, when a metfical accent does not fall‘on
an attack, at least one of three things can happen. Either (a) the
metrical accent is perceived consciously and produces a tied note;

(b) there is subconscious counting: the metrical accent is perceived
subconsciously and the measurement of anticipated metrical timelengths
proceeds without affecting the perception of the incongruent duration;
or (¢) structures incongruent with the multiple prove stronger than it
and it fails. It might seem that there should be a straight choice
between these alternatives, but, unfortunately, the matter is not as
simple as that. |

In relation to the first alternative, it will be assumed that
deliberately conscious counting ié mostly confined to players of music
to whom what is known simply as ‘'counting' may be the only safeguard

against performing durations incorrectly. The learner who cannot

13. In the present work, the term 'tied note' will refer only
to a note that has no attack because it is tied to the preceding
note, It will be represented in the tree-diagram notation
by a tie and a broken-line branch.
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instinctively grasp the rhythm of Example 3/45 bar 1, may well play
it slowly;vcounting aloud (viz.: 'One and two and .....'), and thus be
consciously aware of metrical subdivisioﬁs which in standard notation
and the present tree-diagram notation are not considered significant
(Example 3/47). By contrast, those who do not consciously partition
a (;ingle) musical line by counting, tapping or otherwise 'beating
time' will normally be only sqbconsciously aware of those points where
a multiple does not coincide with an attack; yet such subconscious
countiné is crucial. to our perception of duration. Thus in the song
'Auld Lang Syne', we must be counting subconsciéusly to know that

the second duration is 1k times as long as the first, but we do not
tend to hear the tune as in Example 3/48, although, like the learner,
we could choose to do so.

On the other hand, it may be that at a slow'tempoAthe subconscious
counting that measures duration becomes more cénscibus. It has been
argued by Fay that 'when the tempo falls below J=;60, a tendency to
group éach pulse with a silent afterbeat is very strong' (%C]Jkt)).l4
For any dgiven duration string, as tempo is reduéed, so is the
frequency of attacks; thus the mind must.store the information from
progressively longer real timelengths in order to fecognize patterns
{Gestalten). Since this will reducé the preeeﬁinénce of higher levels
éf organization, lower-level ones such as the measurement of duration
could come into greater prominence. However, to concede this point
simply raises another issue: at what tempo does conscious counting,
with its awareness of metrical subdivision, provide the predominant

structure and when does this awareness fade and become subconscious?

14. Thomas Fay, 'Context Analysis of Musical Géstures', Journal of
Music Theory, 18, No. 1 (1974), 124-151, p.129.
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When is there equal ambiguity between the two? It‘éhould be noted
that in this context 'tempo' doés not simply mean'fmetronome mark',
but also involves the frequency of attacks, which‘varies with each
individual duration string. If, for any given example, it is not
' possible to measure the likelihood of subcénscious counting becoming
conscious, it is perhaps better to assume that in a single musical
line anticipated metrical accents and implied metrical subdivisions
can always be perceived subconsciously, but that in certain circum-
stances they mizialso be consciously perceptible (deliberate couﬁting
exéluded). T¢.assume that they were always perceived consciously
would permit such absurd structgres as Example 3/49. Criticism of the
notion that all metrical subdivisions are perceived conscioqsly has
already been made in respect of Lerdéhl and Jackendoff's notation of
metre (Chapter 2, Section A).

The notation of subconscious counting in tree—diagram'form
must cater for the notion that a melodic line may be perceived within
a metrical context, withou£ the incongruent durations being spiit.
An incongruent duration whose brahch may be joined directly or in-
directly to that of a higher—level-structufal groupiﬁg presents no
problem (see Example 3/45). Where it is necessar? to show subconsciously
perceived branches and beams in order to establish the metrical context,
these will be marked with broken lines, the branch of the unsounded
metrical accent extending only as far down as is abéolﬁtely necessary.
Examples 3/50 and 3/51 illustrate this latter notation; Example 3/51
depicts a structure that is unlikely to be perceived on a first hearing,
because of metrical ambiguity. In this notation, the syncopated
duration is seen as essentially belonging to the metrical unit in

which its attack falls, even though it extends into the next metrical
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unit. It will be seen that this concept is consiétent with the
pre-metrical grouping of duration, but on harmonic and other grounds
it can sometimes be more meaningful to view a syncopated duration as
anticipating the beginning of the next metrical unif and to notate
it accordingly (Example 3/52).

In attempting to draw the line between thosé unsounded metrical
accehts that are 1likely to be perceived consciously‘and those that
are not, a distinction should be made between twbifamiliar types of
structure, depicted in Examples 3/53a and 3/53b. In Example 3/53a, a
note coincides with one metrical acceﬁt, but overlaps its unsounded
suécessor; the unsounded accent will be taken to be felevant only to
subconscious counting. Example 3/53b depicts the standard form of
syncopation: the metrical accent falls between two attacks. - Here it
wiil‘be assumed that the unsounded accéht may be perceived.consciously,
but that the resulting structure is subsidiary‘td that of its -
subconscious perception.' The distinction between these two types of
structure covers both anticipated metrical accents and those implied
by reqular subdivision of a given metrical timelength. In the latter
case, however, the conscious binary subdivision Qf a metrical timelength
that is a multiple of 2 (Example 3/54a) is almost as strong as the
irregular version (Example 3/54b), but successive implied binary sub-
divisions are progressively lessllikely to be perceived consciously
(Examples 3/45 and 3/47).

The degree of consciousness of ah unsounded metrical accent may
be affected by the size of the met;ical timelength éoncerned. Because
a higher-level multiple is unaffected by irregular sﬁbdivisions,
unsounded metrical accents on the lower level are léss important to

the ability to make a metrical interpretation than any occurring on
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the higher level itself; in order to maintain the higher-level
multiple and, with it, a conception of musical structure, there is
more incentive to perceive the unsounded metrical accent cohsciously
on the higher than on the lower level. Further incentive comes
from the fact that the greater the real timelength of ‘a multiple, the
longer will be the period of metrical uncertainty before the multiple
is restored by coinciding with an attéck. If the real timelength is
indeed significant in this respect, this would be in accordance with
the greater awareness of unsounded metrical accents at slow tempi.
Example 3/55, with unsounded metrical accents on three levels, seems
to bear out the above observations. 1In its later syncopations, however,
a conjunction of the phrase groupings shown above and below Example
3/56 (the top set created by melodically varied repetition of the
preceding dominant arpeggio, the bottom set by. duration contour)
could also be seen as producing the conscious perception of a tie.
The conscious perception of an unsounded metrical accent is also
dependent on the extent to which a multiple has become established.
Thére is certainly a strong tendency in Western music to maintain
the.beat in one part or another and in certain cases our expectancy
of this must be understood. as providing an awareness of the beat,
consciously or subconsciously, if our perception is to match the
composer's intentions. In Example 3/57, the gquaver rest is undoubt-
edly a structural rest, a hiatus, and its perception does not conflict
with any alternative structure. In two celebrated examples, however
(Examples 3/58 and 3/59), there is a temporary metrical ambiguity
between the notated structure that presumes the anticipated beat
(Examples 3/58a and 3/59a) and an alternative one which does not

(Examples 3/58b and 3/60). - In the case of the Brahms example, it is
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particularly common for the alternative structure fo be heard in
pfefetence to the syncopated one, especially since thé quaver rests
that precede ahd end the passage can be heard as'bfeafhing pauses
‘and the theme that follows has previously been heard beginning on

a downbeat (Example 3/60). In these two examples, the alternative
structures by no means invalidate the notated ones since the latter
result from multiples that are very well establishéd. By contrast,
it was noted in the previous subsection that if a newly established.
multiple is challenged by a simpler structure soon after it has been
asserted, it is highly likely to fail. ‘This process ‘is not unrelated
to the size of the multiple concerned. It has béen.stated above that
a relatively large multiple can accommodate smaller durations which
are incongruent with its regular subdivisions. Cn the other hand, a

relatively small multiple is hard put to partition a succession of

longer durations, except by conscious awareness of the metrical accents,

for which the multiple would normally require support from other
characteristics (resulting in overt syncopation). The opening voice

of the D minor fugue from Book 1 of The Well-Tempered Clavier serves

as an e#ample in which duration contour suggests a multiple (6) which
would immediately be at odds with the subcohécious counting that
measures the subsequent three durations (Example 3/61). The choice
is straightfoxward: either the crotchets are subordinate to the
giVen ﬁultiple or the metre must fit round them. The evidence from
this and'many.other examples is that the latter'courée is chosen:
durations that are longer than, and incongruent with, a preceding
newly established multiple (or potential multiple) tend to establish
points around which the previous metre conforms. This tendency.is
particularly relevant to the perception of initial upbeats, as will

be considered below.
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5. Upbeats

The tendency fo; metre to follow duration contour does not
necessarily mean that each time a duration is encountered whichis
longer than the previous longest one, it must be seen as the start
of a new metrical timelength on the next level. Even where there
is no conflict between duration contour and the preference for regqular
metre, such a view could, in many éases, lead to several layers: of
upbeats, as in Example 3/62. The structure of Example 3/62 is as
misleading as it is intuitively wrong. It is misleading because it
assumes that the flow of rhythmic momentum towards relatively long
durations as points of closure can only be expresse@ in fhe metrical
terms of upbeat and downbeat. This is not so: it has been shown above
that such durations tend to create natural phrase groupings because of
their relatively greater separation from oﬁher durations; since music
flows in time, the momentum toward these relativeiy long durations
is assured before metrical connections are included in the analysis.

Example 3/62 is intuitively wrong because it is too complicated:
in order to balance the upbeats to the breve multiple (32) it is
necessary to remember an upbeat structure of 1+4+16 (the 16 being
metrically subdivided into 8+8). If a metrical timelength were to
begin on the final duration, the breve itself would be added to this
list (1+4+16+32). The balancing of upbeats is not a theoretical
nicety but is simply the means by which the final metrical unit of
an upbeat phrase is perceived as having a metrical timelength
greater (by the‘length of the upbeat structure) than the sum of its
own durations. 1In Chapter 2, the creation of an upbeat structure
was seen as a displacement of the higher—level structural grouping

from the position it would occupy at the start of the phrase if there
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were no clear reason for an upbeat. Although thé perception of

two non-adjacent relatively long duiations is often sufficient
reason for a metrical connection between them, it was also observed
in Chapter 2 that the perception of a metrical tiﬁelength depended
on the size of the real timelength involved, itself‘affected by
tempo, and it seems likely that tempo similarly affects the creation
or otherwise of upbheat structures.

As an example, the simple duration string 6f Example 3/63,
as perceived atJ== ca.40 (1.5"), has two phrase groupings on one
level which are joined by a structural grouping oﬁ Ehe next level
only by default: there is apparently no£ enough momentum to produce
a.metrical connection between the longer durations. At four or more
times the speed, on the other hand, this connection is assured
(Example 3/64)., Since the first bar of the 'Marseillaise' is four
. times the length of the second-level upbeat, one is easiiy persuaded,
with a little imagination, that it, too, could function as an upbeat
at four times the:speed; whether thevresult would still be heard as
the 'Marseillaise’, however, is open toidoubt. Moreover, at such a
tempo, in order to accommodate the largest timelength (16) as an up-
beat, the smallest timelength (1) Qoulq hardly be articulated at all.
Thus the combination of tempo and a wide range of upbeat timelengths
may be responsible for the téndency for no more than two layers of
upbeats to precede an initial main downbeat.

While témpo is é significant factor in the perception of initial
upbeats, it cannot be isolated from other conéiderations, even within
a duration string alone, quite apart from the effect of other struct-
tural characteristics. The tendency for metre to follow duration con-

tour is paralleled by a resistance on the part of relatively long
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durations against being incorporated in metrical uniﬁs in which,
though structural accents, they are nevertheless incongruent with
the prevailing metre, as in Example 3/65. More specifically, if the
establishment of a certain higher-level structural grouping would
result in the structural grouping on the next-lower level having unequal
timelengths'such that the first timelength was 1e§s than any of_the
subsequent ones in the grouping, then the proposed'higher—level,
grouping will not be established unless it is congruent with at least
one more powerful structural cha:acteristic or perceptual preference.
Without the aid of any other characteristics or preferences, the
higher-level grouping will begin’on the longer Qr'longest of the lower-
level fimelengths; The word 'timelength’ in‘thié context refers to
the metrical £imelength of a loﬁer—level branch, failing which,.the
duration specified by that branch. Thus the simple duration string of
Example 3/65 will have the structure of Example 3/66 unless some more
power ful characteristic (for example, dynamic accentuation or a
longer-note accompaniment) suggests a higher—levél grouping on the
initial crotchet (Example 3/67). Iﬁ accordancelwith the structural
type of Example 3/53, the initial crdtchet timelength of Example 3/65
does not partition the following minim to produce a consciouély
perceived metrical accent: the minim groups the crotchet pulses into
- a sounded attack plus an unsounded conscidusly perceived one (Example
3/68) .

If the lower—~level timelengths are equal, however, tempo can
influeﬁce the placing of the highef—level structural grouping, aé
seen in Example 3/63 and the 'Marseillaise' (Example 3/69). While the
effect of other characteristics and preferences means that there is

little to be gained from trying to assess the precise critical tempo
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above or below whigh our perception of metre in a auration string
will change, for equal lower-level timelengths, aé a rule of thumb,
the range MM 66 to 80 (.91" to .75") seems to be the 'borderline area'
within which it is uncertain whether a metrical timélength will be
heard as én initial upbeat structure, following duration contour, or
as a default downbeat structure positioﬁed on the potential upbeat
because of insufficient tempo.

By comparison, when the lower-level timelengths are unequal, the
critical fempo below which a default downbeat may be'perceived is much
iower. ‘While Example 3/70, with equal lower-level timelengths and at
Jhca.76 (.7§"),does not establish an upbeét, Example 3/71, at J=ca.60
(1") and with an opening duration string like Example 3/66, does do
so. Similarly, the opening crotchet of Example 3/72 is an upbeat,
though at J=ca.54(l.ll"), because it is succéedéd by a timelength
five times its length, generated by the conjunction of harmonic rhythm
with durational phrase grouping. Oﬁ the next levél, however, the
fimelengths generated by harmonic rhythm, though in the proportions 1:2,
do not form an upbeat structure in the manner of Example 3/66. At this
level, the real timelength of the multiple is 6.66" or ©'=ca.9. Only
if the theme is imagined at about threé or more times this speed, say
0'=30(2"), does é sense of upbeat begin to emerge.

It should no£ be inferred that the failure to.establish an upbeat
structure at a slow tempo means that any meﬁrical connection
established by default on the potential upbeat wili.necessarily have
a powerful metrical accent. There is.not éimply ‘metre': rather, the
quality of a metrical cohnection is determined‘by the strength of the
structural characteristics and perceptual preferences that have

generated it. Like the automatic continuance of a multiple and the
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implied subdivision of a‘metrical timelength, botﬁ also established

by default, structural groupings created by the failure to establish

an upbeat are relatively weak; that is, they may not give the impression
of a strong downbeat. This weakness is consistent with Cooper and
Meyer's dbsérvation of predominant end—accented'groupings in such
cases15 and goes some way towards explaining Riemann's cbsession with
upbeat structures, since the next step is to put a metrical
interpretatioﬂ on the end-accents. In his consideiation of harmony and

melody in Dynamik und Agogik, Riemann finds many dynamic contours

whicH parallel end-accented iambs (Example 3/73) aﬁd which, if seen
in the same way as his dynamic contours for duration strings alone,
would définé a spurious upbeat-downbeat structure.l6 : |

With some exampleé, usually within the 'borderline"range of
tempi around MM 66 to 80, there may indeed be a genuine metrical
ambiguity between an upbeat interpretation follosing duration contour
(Example 3/74a):and the‘default structure with its weak dowﬁbeat
(Example 3/74b). At slower tempi, it can be tempting to take the
Riemannesque view that one is hearing a true upbeat-downbeat structure,
as shown in Example 3/75a. In such cases, it must be asked whether
the music is really heard in the same way as somé overtly upbeat
variant (Example 3/75b); if not, it is likely that it should have a
default downbeat structure (Example 3/75c). A clear example of the
distinction between defaglt downbeat and true upbeat structures is

given by Beethoven in the two versions of the main theme in the finale

of his Third Piano Concerto, the first of these (Example 3/76) being

15. Cooper and Meyer, The Rhythmic Structure of Music, op. cit.,
p-92, Ex.105.
16. Riemann, op. cit., pp.l186-7.
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about half the speed (J=ca.58 or 1.03") of the second (Example 3/77),
whose specified tempo isJ'=112(.54").

The teﬂdency for duration contour to create initial upbeats
raises the question of the metrical organisation of the upbeat structures
themselves, bAny metrical timelength established at the start of the
first relatively long duration, or any equivalent.timeléngth,17 has a
reprospective effect on what precedes it. Thus in Example 3/78a,
the 3/8 metrical timelength from duration contour partitions the
preceding quavers retroactively and in a retrograde fashién. The two
groups of three quavers then suggest the multiple 6, which is confirmed
by the subsequent phrase gréuping and metre (Examéle:3/78b), If the
upbeat or potential upbeat is not long enough to:be partitioned by
a sﬁbsequent.multiple, it is interpreted in .accordance with any
metrical subdivisions of that multible. Thus the ﬁpbeat of Example 3/79a
is interpreted as a triplet and that of Example 3/79b is not.

It is, however, possible for a metrical struéture to be fitted
round a relatively long duration as soon as the latter is encountered,
before the multiple from duration contour or any equivalent timelength
has been established. Thus the structure of Example 3/80a is
perceived before a combination of repetition, a connection betwéen two
structural accents of duration contour, and tempo assign a higher-
level branch to the dotted crotchet (3) (Example 3/80b). That the
metrical organizati§n of the initial quavers in Example 3/80 is
independent of the length of the subsequent longer duration is easily
demonstrated by varying the latter (Examples 3/8la and 3/81b). It

seems, then, that it must be perceptual preference among the various

17. Such a timelength might be produced by, for example, harmonic
rhythm, a longer-note accompaniment, repetition, or pitch
patterning.
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possible multiples which suggests a metrical-organiiation for such
initial equal durations,

Example 3/82 shows, in their probable order of preference, the
likely metrical schemes for upbeats or potential upbeats of up to
eleven equal durations. 1In most cases it is feit that there is a
preference fér binary to ternary metre, in addition to the preference
for either of these to the multiples 5 or 7. A computer program could
safely régard the first choice in each case as the definitive suggested
metre, since it is only a default structure capable of being over~-
turned either by the subsequent metrical organization or by other
structural characteristics.operating on the upbeat itself, the most
likely of these being pitch patterns or implied tonél characteristics.
The latter.possibility becomes progressively more likely as the
number of upbeat durations increases, and the validity bf the first

choice correspondingly decreases.

6. The metrical algorithm of Longuet-Higgins and Steedman

Several of the ideas that haye been put forward in the foregoing
subsections echo the parsing rules used by Longuet;Higgins and
Steedman in their metrical algorithm.18 This angrithm operates.on
durational information alone and appears to be the only computer
program to date which has attempted to mimic the hﬂman perception

of metre.19 Despite the apparently ad hoc nature of Longuet-Higgins
!

and Steedman's rules and the admission that they 'have not been

. - 2 e
informed by any methodological principles', ° their similarity to

18. H.C. Longuet-Higgins and M.J. Steedman, 'On Interpreting Bach',
in Machine Intelligence 6, edited by Donald Michie (Edinburgh,
1971), pp.221-239.

19. It has since been developed to analyze input from live performance
on an electronic keyboard. See H.C. Longuet-Higgins, 'Perception
of melodies', Nature, 263 (1976), 646-653.-

20. Longuet-Higgins and Steedman, op. cit., p.223.
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the above ideas allows them to be set against at least one tﬁeqry
of rhythmic struéture and affords a critical appraisal of their
strengths and shortcomings.

The purpose of the authors' program is to deduce the time-
signature and key-signature from the durational and pitch values of
a single musical line,specifically in Bach's fugué subjects from

The Well-Tempered Clavier., Although the metrical and harmonic

analyses are treated as two quite separate operations, the stylistic

limitation of the diatonic key-system permits the assumption of

regular duple or triple metre at every level considered. Thus the

principal question that the algorithm faces is when to increase the

existing multiple by a factor of two, three, or'é multiple of either .

of these, since an established multiple is never égandoned in favour

of a shorter one or one with which it is incongruent.21
lHavingvexcluded the possibility of metrical.timelengths that are

not multiples of two or three, Longuet-Higgins and Steedman then

attach particular significance to the dactyl as the generator of a

multiple, a dactyl being defined as 'the first thfée'notes in a group

of four, such that the second and third are equai in length and

shortér than the first or the fourth'.22 In seeihg the dactyl as

bounded by two longer durations, rather than simply as a long note

followed by two shorter ones; Longuet-Higgins and'Steeaman go some

way towards the present view in which a metrical connection between

the two |.longs' establishes the dactyl as a poteniial metrical

timelength generated by duration contour. The ‘authors consider

ur

treating in similar fashion the trochee's pattern of a single shorter

21. ibid., p.226. For the present term 'multiple' the authors
use the term 'metrical unit'.
22. ibid., p.227.
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note bounded by two longer ones, but draw back from doing so, citing
the D# minor fugue subject of Book 1 as a problematic example in this
respect. The consequence of treating the trochee like the dactyl
might have been the present view that the formerfég_a potential
generator of metre, although its effect m&y be surpassed in certain
examples by other structural characteristics. In the D§ minor fugue,
duration contour might in fact establish a metrical timelength at the
beginning of the dotted-note figure, but for the combination of a
tonic on the opening note and a moderate tempo. The position of
entry of the second voice is also against such a. structure.

' In their avoidance of a solution that would have posed questions
about the possibility of further characteristics, Longuet-Higgins and
Steedman adopt the following rule:

When a note falling at the beginning of a metrical unit is
followed by a single shorter note (which is followed by a
longer note), the metrical unit is to be doubled, trebled,

etc., only if the length of the first note minus that of

the second is a reasonable number of current metric units.

A 'reasonable number' is defined as an integer whose only prime factors
are two or three. Similarly, they rule:

When a dactyl occupies an 'unreasonable' number of current

metrical units, then the metrical unit is to be doubled,

trebled, etc., only if - the length of the first note minus .

the combined length of the two short notes is a reasonable
" number of current metric units.24

This curious subtraction of the smaller note or notes is given no
musical justification. It leads to the correct multiple 6 in

Fugue 14 of Book 1, as the authors show, but only by accident; if
Fugue 5 of Book 1, which the authors also cite inlcbnnection with this

rule, were played in double-dotted fashion (Example 3/83a), the

23. ibid., p.228. 24. ibid.



123

'subtraction'rule' would again lead to the multipie»6, but.this
time inéorreétly (Example 3/83b).

Except ﬁhere the subtraction rule or the dactyl rule is
applicable at the beginning of a piece, Longuet-Higgins and Steedman
consider that the first duration always defines a multiple at some
level of the hierarchy; This is generally true,lbut does not provide
for the situation enviéagedtin Example 3/44, in thch an initial
dotted note is perceived in‘duple metre and does not define a multiple.
In Longuet~Higgins and Steedman's conceét, the ddtfed note would have
to be followed by a shorter note or notes, then by'anothér relativeiy
long duration, before it could be seen as belonging to a metrical unit
longer than itself.

A further rule is that an existing multiple may be increased by
a factor of two or three if it falls at the beginning of (é) a
sequence of notes to which the subtraction rule or dactyl rule applies,
or (b) a note which is two or more times its 1ength, in thch casé the
current multiple is multiplied by the largest 'réasonable number' of
ti#es'that it may be divided into the longer note or timélength.. This
rule envisages circumstances similar to thosé cbnsidered in the
subsection on syncopation, namely those in which a multiple encounters
a greater duration or timelength; but the rule assumes that if the
existing multiple does not fall at the beginning of the duration or
timelength, it will be continued, as is the dactyi in Example 3/84a.
The present view is that unless the multiple is well established or
supported by other characteristics, it is liable:to fail (Example 3/84b).

Longuet-Higgins and Steedman believe that a duration or dactyl
that is as long as the current multiple has speciai prominénce: is

'marked for accent'. Thus they put forward what they call the
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'isolated accent rule':
If, in the current metre, a unit which is marked for
accent is followed by a number of unmarked units,
and then by another marked unit, which in turn is
followed by an unmarked unit, then the two marked

units are taken to establish a higher metre, in
which they occur on successive accents.25 °

The higher metrical timelength must, of course, be a 'reasonable
number' of lower-level units. The perception of a ﬁetrical timelength
between two felatively long durétions is difectly comparable with the
present theory and it is surprising that Longueﬁ—Higgins and Steedman
have not been prepared to generalize the concept, particularly in
regard to the trochaic patterns to which they apply the_subtraction
rule. 1Indeed, it appears that the 3/4 multiple in Example 3/85 could
only be found ihdirectly through the isolated accent rule, since the
subtraction rule and the initial duration would both establish-the
incorrect muitiple 2. .Presumably, when the crotcﬁet is encountefed,
the ‘initial minim is revalued as a multiple twice the 1ength of a
crotchet; the minim will then be marked for accent and related to the
following minim, similarly marked. If the metrical. algorithm in its
original or modified form does not contain some such procedure for
trochees, it must be seriously flaﬁed; yet, if’it‘does apply the
isélated accent rule in such cifcumstances, the sﬁbtraction rule seems
to be rendered superfluous for all trochees that are followed by a
longer note.

The inclusion of the dactyl under the isolated accent rule may
produce correct results in certain circumstances, but is musically
unsound. In Example 3/86, the metrical'connectiOn from duration

contour should be between the first crotchet and the crotchet that

25. ibid., p.229.
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follows_the dactyl; it seems, however, that anguet;Higgins and
Steedman's isolated accent rule would mark the dactyls for accent

and produce a metrical timelength between them. It is certainly

true that the application of the'isolated accent rule to dactyls is
vindicated in the example the authors consider ~ Fugue 2 of Book 1
(Example 3/87) - but the minim multiple falls where it does (as
opposed to beginning on the first quaver), not becépse of any
metrical connection between dactyls, but because of.the descending
pitch sequencé.AL—G—F—Egin conjunction with repetition, a structural
characteristic of pitch patterning that will be Calied a 'movirng
voice' (see Chapter 4, Section A). |

| Despite the comparative success of Longuet—Hiégins and Steedman's
metrical algorithm with the material for which it waé deQised, its
over-riding limitation is the assumption ‘that duration alone is
responsible for metre. From the different aspeété considered in the
foregoing sections, it should be apparent that, as a generator of
metre, duration suffers from potential structural ambiguities between
sevefal-interdependent processes: (1) the initial duration is
important to the process of counting duration lengths and may function
as a multiple, but it may be overshadowed by longer groupings in both
respects, generated by (2) perceptual pfefefence; for certain multiples
and by (3) the structural timelengths from duratioh»contour. Such
timelengths may establish a multiple in opposition to future
relatively long durations, but the success of this depends on (4)
preferences among multiples and.(S) the desire to avoid syncopation -
if the incongruent durations are too long and appear too soon. Yet
(6) the conformity of metre with duration céntour aoes not necessarily

extend to multiple layers of upbeats: insufficient tempo and the
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equality of lower-level timelengths help to stop that. Finally,

(7) the metrical structure of a duration string is open to the powerful
influence of fepetition, which will be considered below (see Section )
but which is not mentioned by Longuet-Higgins and Steedman. None of
these seven factors has any absolute sway over metre; it is necessary
to consider the influence of more powerful charécﬁeristics, especially
those of tonal harmony. Their effect is illustrated in just a single
theme by Bach (Example 3/88) which, on durational information alone,
would be given a coherent, but erroneous, interpretation by Longuet-

Higgins and Steedman's algorithm (Example 3/89).

B. DURATION CONTOUR AND PHRASE GROUPING

"It has beén shown above that duration contour can give rise to

a pre-metrical form of phrase grouping, but it stiil remains £o place
the.concept of durational phrase grouping in a metrical context and to
consider itsAeffects, if any, on the'perception of metre. To meet the
notational requirements that this involves, some Séparation Rules will

be put forward, which aim to separate phrase groupings from each other
within the present tree-diagram notation, in particular by distinguishing
between upbeat and afterbeat‘structures. A phrase:grouping generated

by duration contour will be termed a duration phrase. The Separation

Rules attempt to treat durational phrase grouping as an individual

and independent entity within musical structure and, in so doing, serve
to highlight its ambiguities and weaknesses as sﬁch. For while certain
duration strings seem to present clear and unambiguous grouping, in
others the grouping is not so clear and is therefore more prone to
influence from other characteristics. Although ambiguous grouping is

a perfectly natural and predictable aspect of perception, it can
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sometimes make the formulation and application of Separation Rules
seem arbitrary or tentative. Yet the alternative of devising enough
rules to cover individual ambiguous structures seems quite impractic-
able at present and it is better to consider ways'in which the strength
or weakness of a duration phrase may be judged from the pattern of
durations that gives rise to it.

The possibility of showing ambiguous duration phrases as separated
groupings within metre comes from the separation of afterbeat as well
as upbeat structures, which was mentioned in Chapter 2. This separation
is illustrated by Example 3/90 and may be formalized by the following
rule:

Where (1) a structural grouping formed on the higher of

two adjacent levels makes a metrical connection between

notes specified by two non-adjacent branches on the lower

level, (2) the beam of the lower-level grouping is joined

to both of these branches, and (3) the formation of. the

higher-level grouping does not cause another Separation

Rule to delete a portion of the lower-level beam, then

the rightmost portion of the lower-level beam is deleted.

{Separation Rule 1) ' :

As outlined in the last chapter, a phrase groupirg whose identity
is established on the level of a particular structural grouping is the
treé consisﬁing of that structural grouping and all subtended structural
groupings. This tree specifies a unique string of notes in the musical
line. Although not all tree structures separated by Separation Rule 1
are phrase groupings, provision has been made for denoting a phrase
grouping by placing an asterisk after its highest-level structural
grouping. Yet, because of the ambiguity of some groupings as duration
phrases, there is an advantage in not having to decide whether ‘a certain
separated grouping is or is not a valid duration phrase in order to

place an asterisk; it should be possible instead to read most duration

phrases within metre from the duration values themselves, without the
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need for asterisks. Thus, before considering fhrther the relationship
between the present tree-diagram notation and the pré—metrical analysis,
it will be useful to specify how unambiguous duration phrases may be
read withinvthe tree~diagram notation. |

The essence of durational phrase grouping within metre, as within
its pre-metrical analysis, is the capacity of relatively long notes to

act as points of cadence, or duration closure. Strict duration closure

may be defined as occurring on a note which is 1ohger than all preceding
durations in the string concerned or which is the lést in a sequence

of equal durations the first of which satisfies this condition. However,
as is illustrated by several of the following examples, it seems that

the last note of a duration phrase need not alwéys 5e a point of

strict closgre and that a duration may often be balanced by a subsequént
duration of the same length and sometimes by one of a shorter length,

if such equal or shorter durations are themselves points of duration
closure, preceded by shorter durations. To decide,whéther a separated
structural grouping indicates the separation of a duration phrase, the
duration string specified by the entire tree subtended from the
structural grouping should be read first, just as if the tree structure

were a phrase grouping:

Subject to the provisions of Closure Rules 2 to 4,
if the last duration of the string specified by

a separate tree structure has the greatest value
and at least one member has a lesser value, the
string identifies the tree as a duration phrase.
(Closure Rule 1) -

Exanple 3/91 illustrates this rule, duration bhrases which are
defined correctly by the rule being marked with asterisks. Other
strings, such as 1 1 2 2 in Example 3/91lc, which identify duration

phrases according to the provisions of the rule, but which are
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invalidéted as such by Closure Rules 2 to 4, are not marked. As
outlinéd in Chapter 2, the asterisks are placed at the end of the
duratioh phrase concerned and at the level on whiéh its tree structure
forms a separate entity, the effect of an asteriskICOvering all points
vertically below it so that, for example, the striﬁg 1122 in
Example 3/91b identifies a duration phrase. This.phrase grouping

also shows that if a duration is immediately followed in the.same
structural grouping by one of equal or greater length, its capacit§ for
closure passes to the latter duration.

The exceptions and qualifications to Closure Rule 1 are mainly
concerﬁed with structures which result froﬁ Separation Rule 1 and
which would not have been classed as duration phréses on the former
highest level, before the fdrmation of the structural grouping which
brings Separation Rule 1 into opefation. The firsf of these exceptiohs

is as follows:

A duration cannot mark the end of a duration phrase
if the next duration is equal to or greater than it,
unless it falls at the end of a metrical unit whose
duration string identifies a duration phrase.
(Closure Rule 2)

The main purpose of this rule is to eliminate as identifiers of
duration phrases strings such as 1 1 2 2 in Exahple 3/91c, which would
have had the structure of Example 3/92 before the peréeption of the
next-level structural grouping. The qualification to the rule has been
added to deal with progressive closure of the type illustrated in
Example 3/93. A succession of duration phrases is perceived in this
example because each is congruent with the content of a metrical unit
which, as é structural unit in the general sense, is perceived as an
entity in its own right, following the mental connection between the

two structural accents that bound it. The beginning of any metrical
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unit may be seen as the start of a potential durétion phrase,
irrespecti?e of any preceding upbeat, although, if there is an upbeat,
it is normal for the phrase grouping that inclqdes i£ to be predominant,‘
unless the duration phrase which begins on the following downbeat is
highlighted in some way, for example by repetition.

In ﬁxample 3/93, each point of closure is immediately superseded
in its effect by a longer duration; hence the ﬁse of brackets round
thé asterisks. Thére can be no suggestion that the single notes
sandwiched between two péints of closure are phrase groupings'and a
compqter would have £o take this into account. On thé'othér hand, the
temporary nature of the closufe does not invalidaﬁe it altogether.:

In Example 3/94, where repetition highlights th;ee identical duration
structures, it could hardly be said that all were duration phrases
except the last. Furthermore, if temporary closure were a means of
invalidating a duration phrase, there would have to be a hidden rule of
.composition that no new phrase could start on é duration longer than
that which ended the preceding phrase. ﬁhis isvplainly ridiculous, as
is illustrated by Example 3/95, in which both the independence and
linkage of the bracketed phrase grouping can be pefceived._

A similar rule to Closure Rule 2 is as follows:

Subject to the provisions of Closure Rule 2, a
duration cannot mark the end of a duration phrase
if the next duration on the same level, though
separated from it, is equal to or greater than
it, unless it is a point of strict. duration
closure. ' (Closure Rule 3)

The qualification to this rule covers the temporary closure of
duration phrases which are followed by an upbeat, such as those of
Example 3/96. The rule itself is designed to invalidate as duration

phrases structures such as those bracketed in Example 3/97a, which
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would formerly have been as in Example 3/97b. These structures also

involve repetition and are invalidated on that count by Closure Rule 4:

If the duration string specified by a separated
tree structure, or such a structure plus any
succeeding upbeat duration, can be subdivided
into a succession of (non-overlapping) identical
duration strings, the separated structure is
not valid as a duration phrase. For the
purposes of this rule, a tree structure may be
considered without any preceding upbeat, unless
it is followed by an upbeat of equivalent
length; if the resulting structure is invali- -
dated by the rule, the structure including the
upbeat is also invalid. * (Closure Rule 4)

This rule considers duration strings such as those bracketed beneath
Example 3/98. Where two brackets are shown, the shorter bracket is that
which identifies the invalid duration phrase. 'Succeeding upbeat
durations' are to be understood as those immediately following the
duration string .specified by the separated strucfu:e and are appended
to that string in turn. Hence in Example 3/98d it is necessary to
examine only the first two durations of the upbeat. The second clause,
concerning upbéats, invalidates structures such as that identified by
the string bracketed beneath Example 3/98e; the gqualification about a
" succeeding upbeat is designed to avoid eliminating structures that
involve upbeat repetition, as in Example 3/98f, whose bracketed strings
do identify duration phrases. Both upbeat repetition and the reasoning
behind Closure Rule 4 are discussed in Section C of this chapter.

Having considered how unambiguous duration phrases may be read
within the present tree-diagram notation, attention may now be given
to the separation of such phrase groupings within metre. The greater
part of this process is carried out by the lower levels of the pre-

metrical analysis. If connecting brackets representing metrical

connections (marked "M') are added to such analyses, they supersede any



132

higher-level or incongruent pre-metrical brackefs{ Yet this does not
mean that the larger-scale phrase groupings of tﬁe pre-metrical anal&sis’
are entirelyAirrelévant, since there is a general tendency for duration
closure to be independent of metre.

Example 3/99, taken from the opening of Ravel;s Piano Triorin
A Minor, shows three possible metrical intefpretétiéns of the repeated
pre-metrical phrase grouping represented by the string 2 31 31 2 4.
The first of these is generated by the multiple from duration contour;
the second by the effect of a 1onger—note_accompaﬁiment; thé third is
how Ravel wiéhes the theme to be heard and would.féllow from the slight
dynamic accentuétion of the first chord. Although the duration phrase
of each interpretation is different in character, Eﬁe.pre—metrical
grouping is éommon to them all. A particular metrical scheme or the
influence of other characteristics may cause our perception of the
pre-metrical grouping of duration to be alteréd;lnévertheless, such
grouping forms the basis of a common denominator of phrase grouping
within many different actual or potential metrical schemes at higher
levels.

One question which arises from the addition of metrical éonnectjng
brackets to the pre-metrical analysis is illusfrated in Example 3/100.
In this example, the middle~level connecting bracket'(marked \M') has
been added in between the two brackets generated bf the pre-metrical
procedure and corresponds to the (crotchet) multiple 2 produced as
much by automatic repetition of the metrical timeleﬁgth put forward by
the initial duration as by subdivision of the higherflevel multiple 4
from duration contour. Example 3/100 differs from the present tree-
diagram notation (Example 3/101) in showing the séparation of each

duration phrase whose string is 1 1 2 as existing on the quaver level
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only, as oppoSed to the crotchet level in the laﬁter,diagram. This
duration phrase does indeed exist at the quaver leyel} but at that
level the peréeption of the '2', both as a duration and as a point

of duration closure, must wait until the following miésed quaver

pulse (shown by a dot in the graph) haé been couhted; consciously
(Example 3/102a) or subconscionsly (Example 3/102b). It is evident
from Example 3/102 that the. added unsounded quaver pulse is only another
means of ﬁnderstanding a crotchet and that duration closure and the
separation of phrase groupings are both implied on the crotchet

level and should be indicated on that level. *

In general, the nétational choice is between indicating the
separatibn of phrase groupings on the lowest or highést level only,
since it would be hard to specify any more suitable level in between
these twé extremes, with the number of possible levels varyihg from
one example to another. The present tree-diagram notation adopts
the latter choice, sepafating phrase groupings on the highest possible
level, which is normally one level below that on which the whole phrase
grouping is, or could be, subtended by a single branéh {Example 3/103a).

However, separation of a phrase grouping on the higheét level does not

deny that the same phrase grouping may have been recognizable on a

lower level when less metrical information had»been deducéd, whereas
separation on the lowest level alone does>deny the éxistence of the
grouping on any higher level, as‘seen.in Example-3/103b whose structure
mirrors that of the connecting brackets underneétht' Example 3/103.also
illustrates a further problem that can arise from sépérating phrase
groupings on the lowest level only: the phrase grouping indicated

by the bracket beneath Example 3/103a appears as é separate structure

in that example's tree-diagram but not in that of Example 3/103b.
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In thé pre-metrical bracketing and the tree-diagram notation, a
broken line will indicate that a beam is marked for separation
(Example 3/104). 1In the tree-diagram notation this separation will
normally be realized on the establishment of the next-level structural
grouping. The broken line presérves on the same level both the
continuity of grouping and the 1ikelihood of separation, the former
being important in cases such as those of Example 3/105. Here, repetition
(marked 'R') strongly suggests the possible ending of a phrase grouping
before the first note of repetition, though in contradiction to the
pre-metrical grouping. Since the suggested structure is found to be
a viable duration phrase, it tends to pﬁedominate, although the
alternative separated grouping is still latent and can be brought to
the fore by other characteristics, for example pitch patterning (as
in Example 3/106). With confirmation of the repeated structure as a
phrase grouping, the broken line may be replaced by separation or a
full line (Example 3/107). |

The separation in Examples 3/105c ahd 3/107c of the duration
phrase whose specified string is 1 1 2 2 may seem to contradict the
continuity of grouping of the earlier-beginning duration phrase whose
point of closure it shares, yet the denial of the smaller phrase
grouping would convey less information (Example 3/108). 1In fact,
such shared closure is not unlike progressive closure in that, in
both, a duration phrase that is a subset of another duration phrase
may have a set-complement that is not itself a phrase grouping (see
the Venn diagrams in Examples 3/109 and 3/110). 1In both shared and
progressive closure, the status of the subset phrase grouping as an
independent entity is severely weakened, unless, in the case of shared

closure only, it is a duration phrase that begins at the start of a
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metrical unit. Thus in Example 3/111, where three duration phrases
share the same point of closure, the middle-sized one is especially
weak and the smallest one less so, though less prominent than the
largest. The similarity between shared closure.and progressive closure
in respect of weakened duration phrases ié illusﬁrated by Examblés
3/112a and 3/112b respectively. There is very little difference
between the phrase grouping of the string 1128 in either example,
since in both cases the independence of the subset grouping is
diminished relative to the overall structure (which is virtually identical
in both versions). Only if such weakened or diminished indepehdence
is understood in its context can the larger phrésé_grouping be seen as
prédominant.; |

With the use of broken lines to mark phrase éroupings for séparétion
and with the allowance for the effect of repetition in suggesting
possible phrase grouping, the separation of duration phraseé begins to
be visible within the pre-metrical form of analysis altefed by the
addition of metrical connecting brackets. Examﬁle 3/113 is a sihple
case of a repeated pre-metrical grouping (the ;eéetition being |
marked 'R') with a higher-level metrical bracket added and marked for
separation accordingly. The addéd application of Separation Rule lb'
is all that is needed to turn the struéture of connecting brackets
into the equivalgnt of the present notation.

The Separatioﬁ Rule that governs the assignment of broken lines

is as follows:

A pre-metrical grouping or its equivalent, which has

been passed as a phrase grouping, establishes an imaginary
vertical boundary line at the attack point of its first
duration (or structural rest or equivalent) and at the
attack point of the first duration (or structural rest or
equivalent) which follows the grouping. Any beam which
this line crosses, up to but not including the level at
which the grouping would be subtended from a single branch,
is replaced by a broken line to mark it for separation.
(Separation Rule 2)
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Examples 3/115a to 3/115e illustrate the application of this rule
to mark phrase groupings for séparation. The principal pre-metrical
groupings and metrical connecting brackets are shown underheath, the
latter being accompanied by tﬁe reasons for their generation. 1In
assigning broken-line beams within the pre—metrical.style of notation
(including metrical brackets) it should be rememﬁeréd thatvwhere the
laét duratiqn of one pre-metrical grouping is sﬁared by the first
duration of another, the two form a joint grqupiné‘(Example 3/114).

Separation Rule 2 refers to the perception of phrase groupings
and their equivalents (including pre-metrical groupiﬁgs),.rather than
simply duration phrases; the prefmetricalvanalysis of duration is
seen only as an initial perceptual operation whose groupings may
be superseded or added to by the effect of other structurai
characteristics or combinations of characteristics, including
certain aspects of duration itself (the so-called'fambiguous' duration
phrases-diécussed below). The rule is envisaged as'following the
‘perception of phrase groupings (or equivalents) and pfeceding the
. perception of -metre and the application of Separation Rule 1. These
three operationé form a cyclical procedurg which, in a computer
program, might be applied several times throughout-thé process of
transformation from pre;metrical structure to full metfiéal tree-diagram,
- since meﬁrical groupings can follow from the percgption of phrase
groupings and vice versa. Thus,‘an alternative version of the cycle
is: metrical connection, Separation Rule 1, perception of phrase
grouping, Separation Rule 2.

As an initial conception for such a computer prbgram, it may be
imagined that the perception of metrical connections would proceed

from the lowest to the highest levels, with tests being made at each



137

stage for the status of phrase groupings already perceived and for

the perception of new ones. In practice, however, considerable
ambiguity could be avoided if new metrical connections were not
constructed in this way and it is highly .likely that our own perceptual
processes are much more flexible; the amount of information embraced
within our perceptual 'now' at the normal range of tempi is often
sufficient to cover more than one or two metrical leveis and subdivision
of a given metrical timelength or phraselength is thus a common feature
of metre and an adequate explanation for the,generétion of many
structural gfoupings. Harmonic rhythm and a longer-note accompaniment
(Chapter 4, Section D and Chapter 3, Section D, respectively) are each
especially important as generators of subdivisiblé metrical units.

The perception of metre aside, Separation Rule 2.is designed to
follow the perception of phrase groupings in a pre—metrical or metrical
context. Asvfar as duration is concerned, with one exception, separated
bpre—metrical groupings conform to the definitionlof strict duration
-closure, rather than to Closure»Rule 1. That excepﬁion concerns what
may be termed 'unclosed' pre-metriéal groupihgs, in which a duration
is grouped with.the preceding longer duration instead of with the
succeeding longei one. Such groupings are not counted as duration
phrases by any of the Closure Rules; neither.are'duratioh stringsbsuch
as that marked 'X' beneath Example 3/116, although, inhcontext-the
separation of either typg ié akin to that of a phrase grouping if it
is not simply the product of Separation Rule 1. The purpose of forming
unclosea pre-metrical groupings is, in any case, not so much to create
such groupings as entities in their own right, as to éVoid the
alternative of inevitably grouping the shorter duratién with the

succeeding longer one, however distant. Unclosed groupings are
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subject to the provisions of Separation Rules 3 and 5 below and
can be superseded accordingly.

The variance between strict duration closure and Closure Rule 1
poses a problem for the analysis of durational phrase grouping at
the loﬁest levels. 1In some cases, the continuitonf grouping, which’
is one interpretation of the broken-line beams, in conjunction with
Closure Rule 1, would permit the recognition of strinés which seem
to have little relevance as‘identifiers'of phrase groupings, such as
211222 in Example 3/105¢c. 1In other examples, however, the denial
of such strings would not match musical commonsense, missing the
string 4 2 1 1 2 2 4 in Example 3/117, for instance. The importance
of recognizing this latter string as a phrase grouping four beats long
is that it results in, rather than from, the metrical subdivision which
is shown in Example 3/117 in anticipated form as a broken-line grouping
dn the next level. 1In other words, metre cannot be~reiied on as the
sdle'meéns of joining phrase groupingé iﬁto larger groupings; they
may be concatenated on the one level,

Examples 3/118a to ¢ and 3/115a display a succession of separated
duration phrases in which the closure is cumulative, the first point
of closure being hierarchically subordinate to, though independent of,
the second, while in Example 3/118b the second gives way to the thifd
as well. ILogically, it séens»that there must be some perceptual
preference gove;ning phraselengths, so that some concatenations are
more suitable than others; otherwise>there would be no true hierarchy
of phrases resulting from successive closure, merely continual
additive growth. In practice, metre and the characteristics which
generate it both confound and help to solve this question. 1In

particular, most additive phrase groupings that are not binary or
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ternary ére contained within points of repetition, as in Example 3/119.
So is the ternary grouping in Example 3/118a; despite the repetition
that extends a two-bar phrase into a three-bar one, the latter would
have no independent existence if it appeared aé in Example 3/120. Yet
that is not to say that binary grouping cannot give_wgy to ternary
grouping without the latter being:bounded by repetition: it does so
in Example 3/121. Likewise, a ternary grouping can (despite
Example 3/120) be a subset of a four-bar grouping .(Example 3/122).
Either seems pfeferable to a grouping based on a higher prime number,
however, as will be seen in the comparison of Example 3/134 with
Example 3/119.

Although binary and ternary duration phrases éan be subordinate
to each other, binary phrase grouping is particularly prominent in ’
(at least) Western music and special significance éan be attached to
this, whether its origin is a perceptual or culﬁural prgference. It
is possible to find many instances like Example 3/117_in‘which the
perceﬁtion of four or eight equai'metrical units'gives rise to a
higher-level binary subdivision, the lattef havingjlittle or nothing
else to generate_it.‘ four is, of course, the smallest possible
phraselength that can produce such subdivisién, and'is the most common

type. The groupings concerned will thus be called four-groupings (for

want of a better term) and those of a different length may be named
after their avn number of highest-level branches.

Some examples of four—gfoﬁpings and eight-groupings are shown in
Example 3/123. To these may be added Examples 3/li8b and ¢, 3/117,
3/116, and 3/115a. A case can be put for some direct perception
of a binary structure in Example 3/123c, with its.cﬁanges of harmony,

and in Example 3/123b, with its return to the tonic. 1In
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general, however, the implied subdivigion is weak. This is attested
by both Examples 3/123a and 3/123b, which have very little sense of
the duration of closure falling on an afterbeat and, in the latter,
very little sense of a structural rest. But to say that the implied
vsubdivision of four-groupings was unnecessary would be inconsistent
with the structural rests that it produces in Examples 3/118b and c,
both of these examples being considered without their accompaniments
which producé overt syncopation on the unsounded metrical accents
concerned. There is some evidence that certain four-groupings which
are not duration phrases according to the Closure Rules may nevertheless
be perceived, at least to some extent, as independent entities and
these structures will be considered below.

Two other principles.affecting the separation of phrase groupings
will be put forward first; however. The first is that unequal metrical
timelengths may establish a pattern akin to duration contour, which

may be termed metrical contour. The similarity between phrase grouping

by metrical contour and that by duration contour is illustrated in
Examples 3/124a and.3/124b. In comparing the unsounded metrical
accents of these examples, it is impossible to say where the counting
of duration ends and that of metre begins, since the unsounded pulses
have the same function in thetwo cases. So close is the parallel that
the grouping function of metrical contour is usually covered adequately
by that of duration contour.

However, the pre-metrical analysis groups on the basis of durations
alone and can take no account of the eventual metrical structure within
which these durations will be framed. Within a given triple metre,
the grouping of the upbeat with the following downbeat in Example 3/124

seems justified solely on the grounds of metrical contour (the 2:1
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propor tions of the metrical subdivisions), whatever the duration values

~in the following bar. Thus it is possible to find or construct examples -

in which the pre-metrical analysis groups with tﬁé preceding longer
duration notes which in the eventual metrical context should be regarded
as upbeats. A clear case is Example 3/125, in which the upbeat at the
end of bar 1 is repeated in bar 2 and is shown aé such in the tree-
diagram, while in the pre-metrical structure the first eventual upbeat
is'grouped with the succeeding longer duration and the second with the
preceding one. A third Separation Rule iS'reQUired to correct suCh

discrepancies:

Subject to Separation Rule 4, if a given metrical unit
is subdivided on the level immediately below it into
two unequal timelengths (which may be metrical time-
lengths or durations), the second of which is less
than the first and whose branches are joined together,
then the beam joining the branches should be marked
for separation and the right-hand branch joined as an -
upbeat to the first branch of the metrical unit
following the given one. (Separation Rule 3)

This rule would, however, be inappropriate if it separated a

point of duration closure from the rest of the duration phrase. Thus:

Separation Rules 3 and 5 do not apply if any duration
subtended by the right-hand branch under consideration
is equal to or greater than the longest duration sub-
tended by the left-hand branch or is otherwise
regarded as an essential point of closure.:

(Separation Rule 4)

Separation Rule 5 is considered below.. Example 3/126 illustrates the
need for this exception to Separatioﬁ Rule 3, revealing from bar 9 a
structural ambiguity between a duration phrase thaﬁ lasts'throughout
the bar and an upbeat structure suggested by the accompaniment.
'Essential closure' is hard to define, but is linked to the uncertainty
of the conditions for separating upbeat structures and to the ambiguity
of certain strings as duration phrases; the three will be considered

together below.
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The need for another principle of separation is illustrated by
Example 3/127a which may be regarded as a variatiqn of the string
4 2 24 2 2»4 « « « , but in which the pre-metrical analysis brackete
togetherlfhe durations 4, 2, and 4, missing the phrase grouping
represeneed by the string 2 1 1 4. Separation que 1 would then
confirm the‘separation of the duration 2 from the following duration
4 instead of from the preceding duration 4. The pre-metrical
procedure could, of course, be altered to avoid a connection being
made between two durations when the second was lese than the first.
But the procedure would then fail to highlight important metrical
connections, such as that bracketed aone Example 3/128. fhe
criterion for Separating an upbeat strecture in ﬁxemple 3/127 is
roughly the‘reverse of that whieh governs Separatioﬁ'Rule»3. In
examples to which Separation Rule 3 applies,va lesser metrical sub-~-
division gives rise to an upbeat, but not if one of its durations is
sufficiently long. in a case like Example 3/127, the metrical time-
lengths are equal, but an upbeat is perceived if the duration
specified by the second branchvis sufficiently shert. How short it
should be is a matter for discussion, but the proportion of 1:2
between fhe second and first durations of'Exémple 3/127 is enough to
produce an upbeat structure (Example 3/12fb).

As vital a question as the separetion of upbeats, however, is
the need to limit their separation. This matter arises from the
actioe of Separation‘Rule 2 in a case like Example 3/129, in which
the separation in the first bar ie carried to the highest metrical
level, as the pre-metrical bracketing shows. The separation of
adjacent branches whose specified durations are in the proportions
1:2, as in Example 3/127, would confirm such an analysis. The

notion thét the first duration in Example 3/129'is followed by a
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gigantic upbeat is either profound or profoundly misleading and is
almost certainly the latter, since there is no guafantee that the
semiquavers will ever be'followed.by.a longer note £o terminate a
duration phrase, except perhaps at the end of the piece. The moto
perpetuo style of much Baroque nusic decisivelyirules out any idea
of such prolongued upbeats, if only because an upbeat structure must
be perceived‘as a whole, notuéimply as a connection‘between its
higﬁest—level duration and the folléwing downbeat.

The relationship bétween the durétioh values specified by
adjacen£ braﬁches'is not only a matter of their.prbportions, but also
of how far apart they are. 1In terms of the graphicai analogy of
Example 3/2, the separation proposed in Example;3/127 may be seen as
a product of.the rapid drop in height from the first duration to'theb
second; .the same durations separated by a greater length of
(proportioﬁél) ;imé may be seen as connected by a more gehﬁle decrease
in height and subject to a aecreased tendency towérds separation.

For the sake of finding a suitable measure to help determine when
separation is apéropriate, there may be assumed to be a constant rate
of decay (inverse exponential growth) from the top of the first
duration's vertical line to that of the second.

The proposed measure, i,, which will be termed the'decaz value,

A
expresses, as a real number in the range Osigsl, the ratio of fhe
supposedly decreased height at the end of the first duration to that
duration's original value. Thus, if the secohd,dhtation follows
immediately after the first, the decay value will be the ratio of

the two durations. As the 'distance' between the durations is increased, .

so the decay value increases.
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The formula required for measuring the decay value is a variant
of the standard Compound Interest formula FV=PV(i§n, where FV is the
future value, PV the present value, i the rate of.increase or decrease
in each period, and n the number of periods. Simiiérly, where B is
the second duration; A is the first duration; iAv(the decay value) is
the rate of decrease within the timelength of A; and 4/A - the 'distance’

divided by the timelength of the first duration f_is the number of

periods:
_ ., 4d/A
B = A(1A)

.o A/d
L= (B/A)
A table showing the decay values for a selection of durations
and 'distances' between them is given as Example 3/130. The separation
of upbeats appears to be justified if the decay value is about 0.75 or
less and on this basis the following Separation Rule may be formulated:
Subject to Separation Rule 4, if two adjacent
branches, representing metrical timelengths or
durations, are joined together and the decay
value between the durations specified by the
two branches is less than or equal to 0.75, the
two branches should be marked for separation.
(Separation Rule 5)
Unlike Separation Rule 3, Separation Rule 5 does not require the prior
existence of a metrical unit containing both branches. Separation
Rule 4 is invoked because the very perception of a point of closure
within the potential upbeat structure must preclude its separation
from the rest of its duration phrase.

While the use of the decay value avoids the possibility of an

endless upbeat, it is by no means the perfect solution to all problems
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concerning>upbeats. The critical value of 0.75 is not an absolute
thréshoid, but a point'of ambiguity between upbeat and afterbeat
structures. Two strings which are particularly notable for their
ambiguity of separation arev3 1 2 and 4 3 (and their proportional
equivalents), with decay values of 0.73 and 0.75 respectively.

The_tendency to separate the durations 4 and 3 .is weak and is
thus strongly open to influence from other charécieristics; especially
pitch patterning. 1In Example 3/131, it seems that‘without~this
influence.to produce the structure of Example 3/i3la, the pitch
characteristiclconcerned being one called 'directional grouping'
(see Chapfer 4, Section A), the duration 3 would be too far apart from
the following downbeat to be érouped with it (Example 3/131b), as ‘the
graéh of Example 3/132 translates into visual termé. ‘Even in Example
3/133a, with a decay value of 0.93 between the first two durations,
the notated upbeat-stfucture is quite clearly ?éfcébtible and reievant
because of éitch grouping; Example 3/133b is a less extreme example
from an actual piece. By cbntrast, Example 3/i34villustrates a |
positive tendency not to perceive separation between the durations 4
and 3, This example is adapted from the 'St. Anthony Chorale' melody -
of Example 3/119 for the purpose of comparison with it, In the
present examplé, the grouping of six beats ié preferable to five, while
in Example 3/119 eight beats are preferable to seven: the separation
or otherwise of the durations 4 and 3, being a weaker preference,
merely follows suit.

In the string 3 1 2 , the decay value petween the durations 3 and
2 is not the only relevant factor; also impértant‘is the closure of the

sub~grouping 1 2 . Meyer calls this figure a 'closed trochee'26

26. Meyer, op. cit., p.34.
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which sounds like a contradiction in terms, but sums up the figure's
own contradictions rather well, The classic exposition of these
contradictions is the first movement of Beeﬁhoven's Seventh Symphony,
in which pitch patterning sometimes decisively favours an afterbeat
structure (Example 3/135a) and at other times an upbeat (Example
3/135b), but as often as not leaves the figure to its own ambiguity
(Example 3/135c).

On balance, the duratioﬁ string 3 1 2 does not favour separation
of the durations 3 and 2, despite the decay value being less than that
of the string 4 3. The closure of the striﬁg 1 2 seems to inhibit an
already weak tendency towards such separation. This is illustrated by
Examples 3/136a and b, as well as by Examples -3/123c, d, and e, and
Example 3/119. The figure is an example of an ambiguous duration phrase
and Closure Rule 1l may be assumed to be amended to include it specific-
ally, together with its variants such as those listed in Example 3/130.
Because each of these-iisted figures ends on a relatively short duration,
its sense of closure cannot be as strong as that of a duration phrase

which fits the previous definition and this weakened closure leaves it

- more open to the influence of pitch patterning; hence the word

'ambiguous'. Yet each of the figures is an entity in its own right,
as is seen in Example 3/136b at the point where an asterisk has been
marked: the phrase would not end on ‘the following longer duration even
if the latter's phrase grouping were pitched an octave lower. Certainly,
this duration phrase is enhanced by harmonic rhythm and also by being a
four-grouping, but these characteristics could not create a phrase
grouping if the potential for one were not present.

It should also be noted from Example 3/136b that the string 3 1 1 2

is not a duration phrase in this context, despite Closure Rule 3,
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because its last duration is followed by one of the same length. The

same is true of any figure that may be described as a closed trochee and
Closure Rule 3 may be taken to be amended accordingly. The reason

for the amendment is that a drop or an increase in duration value following
such a figure is sufficient change to give the figure identity; an equal
duration merely extends it. However, pitch separation or a point of
repetitioh also count as 'sufficient change'; Example 3/137 illustrates

the effect of‘the two together.

For present purposes, the term 'closed trochee' may be defined, in
the first instance, as an amalgamation of two structures, one on a lower
level than the other and following it: the lower-level structure is a
duration phrase according to the original definition of Closure Rule 1;
the higher-level one is a structural grouping whose last specified
duration is less than the grouping's longesi duration and is also a
member of the lower-level duration phrase. This definition covers a
variety of structures, as ié illustrated by Example 3/138 in which the
lower-level duration phrase is marked with a square bracket and the
higher-level structural grouping with a trochee. (These strﬁctures
should each be seen as the content of .a met;ical unit.) The definition
could be widened so that the string 3 1 2 or any of its variants would
be permissible as the 1ower—levei duration phrase. However, since these
figures are themselves closed trochees, the degree of closure would be
seriously weakened. 1In Example 3/139, such closure does not seem
sufficient to avoid the separation of the higher-level branches by
Separation Rule 5. Similarly, two of the structures in Example 3/138
have been placed in parantheses because it is likely that their higher-
level branches would not avoid separation. '

Example 3/139 leads to the central question in evaluating structures

of the closed trochee type as ambiguous duration phrases. If the higher-'
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level structﬁral grouping ought to be separated by:Separation Rule 5
because of the decay value associated with it, to what extent is this
separation affected by the second branch being connected to a subsequent;
lower—-level point of closure? While Separation Rule 5 has a provision
for 'essential closure', it is not possible, at present, to measure the
degree of clqsure in closed trochee structures.. The decay value can,
of course, be measured between the two critical durétions: the higher-
level structural grouping's longest duration and.the lower-level duration
phrase's duration of closure. But such a measure on its own takes no
account of metrical contour, of the latter duratiqn's proximity to the
* following metrical accent (on the level of the branches to’be separated
or otherwise), or of the size of the duration specified by this metrical
accent. The second of these factors, though not~necessariiy the same
as metrical contour, is akin to it. For the third‘factor, the degree of
closure 'is stronger if the following metrical aécent's specified duration
is less than the second critical duration than if it is greater. All of
‘these factors are clearly visible in graphical form in Example 3/140,
of which only 3/140a seems to give rise to a closed trochee. In the
;bsence of a measurable criterion for deciding beﬁWeen closed trochee
and upbeat, perhaps the best solution fof a computer program is for the
machine to consult a table of the commonest structures of this type,
with each given an individual decision.

Beyond the point where any ambiguity over upbeats is likely to
arise, the strings concerned being too long, it is still possible to
have duration phrases that do not end on their longest duration value.
Two such phrase groupings, identified by square brackets underneath, -
are given as Example 3/141. - Both are amalgamations of lower-level

phrase groupings and it is possible that their perception is aided by
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their being.four—groupings; In Example 3/141b, fepetition certainly
groups the lower-level phrases together, though a.point of repetition
does not by itself create a phrase grouping. In‘Exémple 3/141la the
lower-level phrases are probably grouped together because the time-
lengths from harmonic rhythm (see below the example) favour a metrical
unit of four beats' length. But, having been grouped, and without
being able to shed any of their members as upbeats  (although pitch
pattefningvclaims a crotchet upbeat in the second_example), there need
be no specific rationale behind their identity és phraseAgroupings.
They may be more_'open—ended‘ than if their last note were a point‘of
overall duration closure, bqt this is a qualitative judgment about their
content which is outside the scope of the present study. The largest
category of such unclosed phrase groupings, withbut considering the
structural characteristics of pitch and harmony, is of ‘those created
by upbeat repetition, which will be discussed in thé followiné section.
..Mention must be made of a category of-duratioh,phrases which
appear to be unciosed, on the basis of their durétion.strings alone,'
but wﬁich are.in fact ordinary duration phrases'if ﬁetre is taken into
account, Thfee examples of what may be called 'closure by counting'
are given as Example 3/142, In each case,-the closure depends on the
metrical timelenéth of an unsounded pulse, which is perceived and
associated with the appropriate duration before thét durétion's value
is found to be less than expected, becausg of the following upbeat.
The effect of durational phrase grouping'oh the perception of
metre is deceptively simple. 1In a case like Example 3/115a, the
separation of four binary groupings clearly suggests the multipie 8
to connect them on the next level. Yet one cannot say with equal
confidence that in Example 3/142a, coﬁnting_on the crotchet level, the

pattern of metrical timelengths should be 2 3 7. The creation of
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discernible phraselengths through the separatioﬁiof phrase groupings
does indeed put forward a potential metrical structure, but it is one
which comes into effect only in default of any strongér characteristic
or preference being able to place the metrical accent on a note other
than -the first of the phrase. It is normal for the structural accent
of such a characteristic to be perceived before the lower-level phrase
g;ouping has run its course, although the resulting metrical connection
may not be cbnfirmed until after the end of the phrase. Clearly, the
idea of the perception of successive levels of phrasing and metre is

a simplification that may suit analysis by computer but does not match
the actual chrénology.of events.

_Ih Example 3/115a, then, the first bfanch on the next level may be
placed provisionally above the third note, before the structural
grouping on that level can be formed. 'In this particular example, the
plécing of this branch is affected not é little:by the fact that the
music can be recognized as a gavotte, the rhythm of'the dance taking
over where equal metrical timelengths on the lower level and a moderate
tempo do not favour an upbeat following duration contour. In Example
3/142a, the branches of the dotted-minim multiple 12 from duration
contour are placed before the lower-level phraselengths have any
opportunity to be heard as metrical timelengths.

The blurring‘between metre and phrase groupipg begins when any
structural grouping that joins two phrase groubings falls on the first
of the phrase groupings' highest-level branches and is, by definition,
confirmed after the end of the first pﬁrase grouﬁing. In these
circumstances, the only function of such a structural gr§uping'is to
join the phrases and to express the awareness of a metrical timelength.

But such phrases are concatenated by default; further hierarchical
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structure depends on finding ways of separating tﬁem, including
evaluating the kinds of qualitative change fhat'a.computer'would find
very hard to perceive and humans find very easy: thematic changes and
changes in harmonic, rhythmic, and instrumental texture. As for the
perception of metriéal'timelengths: as phrase groubings increase in
size, this fades to a rough notion of the relative lengths of sections
or to something that is understood as a conjuncti?ﬁ of lowef-level
metrical timelengths. It may be possible to form structural groupings
on very high levels, to coﬁpect, say, the beginniné of a sonata
exposition with the recapitulation, but tﬁe exteﬁt to which-such
connections could be called 'metrical' is clearly:questionéble.

In the final analysis, there is a potential discrepancy between
the metrical and phrase-grouping functions of duration contour. The
desire for closure on a relatively long note is'a£.1east as strong as
the tendency for a metrical acceht to fall on such a duration. Much
depends on whether one is considering the first or a subsequent branch
of a structurai grouping: a first branch genérated by a relatively
long duration is likely to arise provisionally; the bias is then towards
perceiving the end 6f a phraée grouping, a functidn which, as seen
above, can be fulfilled by a relatively long du;ation however it is
placed metrically. Nevertheless, the discrepancy‘is.there'to'be exploited
by other characteristics. 1In Example 3/143, duration contour could
generate an initial metrical timeléngth of 6 of 9; harmonic rhythm
decides in favour of the former. In Example 3/144a, the text requires
that articulation separate the durations 2 and 3 and, pethaps with
slight dynamic accentuation, bring out the meﬁrical potential of the
lat;er duration in the form of an off—beat‘structural accent, rather

than allow passive closure on an afterbeat; as in Example 3/144b.
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C. REPETITION

Mention has already been made of the effect of repetition in

suggesting possible phrase grouping and its effect on the perception of

metre is even more marked. The extensive use of thematic analysis in

musical literature is ample evidence of the importance of repetition in

Western music, even though thevsystematic study of the transformations
on which such analysis depends is still in its infancy. Yet while the
importance of thematic unity and development as strudtﬁral devices
cannot be overestimated, the thematié process is sﬁfficiently distinct
from rhythmic structure to>be £reéted as a different dimension of
musical structure és a whole. Thus the present discussion will be
limited to the function 6f repetition in the perceptionbof metre and
phrase grouping, although the same repetitions are also part,of‘thematic
.structure.

More important to the perception 6f both‘metre and phrasing‘than
the repetition of complete passages is the establishment of a point of
repetition. The very perception'of such a point means that a mental

~connection, similar to that required for the perception of metre, has

been made between'it and the start of the original statement. 1In the.

tree-diagram notation, both the start_of the initial statement and its -

point of repetition will be marked with tﬁe letter 'R'., If further
markiﬁg is necessaryvtb avoid ambigﬁity, subscripted numbers may be used
to identify different étatements of the same matefial and subscripted
letters to distinguish different repeated material. Two related
letters 'R' will always be found on the same hierarchical level as
each other, irrespective of differences in the higher-level structures
above the two notes or chords at the poin£ of repetition.

The foremost coricern of the present section is durational

repetition, but this is usually congruent with some form of pitch
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repetition and any remarks about the former applyﬂequally to the two
together. The different forms of éitch repetitioﬁ (including inter-
vallic repetition) are considered in Chapter 4, Section A; also
considered in that section is the effect of pitch'repetition that is
incongruent with the underlying duration string.b

Pitch repetition is relevant to the presentlargument for another
reason. For any repetition to be perceived, it must be sufficiently
distinctive; the problem in designing a suitable computer program is to
decide what repetition is significant and what is not, since, if duretion
is considered alone and no constraints are employed, the computer will
judge every repeated dufetion to be a point of fepetiticn. Yet as few
as two ‘durations can establish such a point: ‘iﬁ Example 3/145 the first
repetition of the durationAstring 2 3 seems perceptible irrespective 6f
pitch. On the other hand, its coﬁgruence with en approkimate'form of

intervallic repetition undoubtedly contributes to the distinctiveness of

‘the point of repetition as a whole. It is virtually impossible to

determine the'minimum requirements for establishing a point of durational
repetition,‘since the distinctiveness of a duration string depends on
the other.duration values which surround it and these can only be
evaluated intuitively»at present. Thus it can only be an advahtagé
to consider all aspects of repetition together whénever possible, in-
cluding pitch repetition.

One way of doing this would be to award a number of points fof
the perception of each type of repetition, the number ewarded for each
type increasing with the length of the repetition. ‘If these points
summed to more than a given threshold value, a point of repetition
would be considered to have been fecognized; For duration, the minimum

requirement would be two durations that were either different from



154

each other or different from the duration that immediately preceded them.
Inexact durational repetition is easily handled by the computer: in the
repetition, either a single note is replaced by several shorter ones or
yigg versa; the computer could simply pass over these non-repeated
durations. Pitch repetition ranges from the exact repetition of pitch
through several forms of intervallic repetition to the repetition of
an unordered pitch set (see Chapter 4, Section A). The different forms
of pitch repetition could be arranged in an intuitive hierarchy of
perceptibility, according to the number of points to be awarded on the
perception of each. Apart from duration and pitch, points could be
awarded for the repetition of harmony, rhythmic texture, and instrument-
ation.

Before this technique could be successful, the most suitable
number of points and the size of the threshold would have to be found
by trial and error. The basis of the technique - that there are
relative degrees of repetition - does seem to be borne out in musical
examples, however. In Example 3/145, for instance, the repetition
marked 'RB2' is distinguished not only by being the entry of the second
voice, but also by being a closer repetition to the original subject than
the lower-level point of repetition 'RA2', Conversely, where two or
more successive repetitions have equal status, no higher-level point
of repetition can be established without some further distinction.
Thus the structure of Example 3/146a is transformed into that of
Example 3/146b only by pitch patterning and, on the next level, by pitch
repetition.

Although repetition may be treated as a structural characteristic
because of its effect on metre and phrase grouping, it differs from
the other characteristics in not establishing structural accents directly

on the notes and chords prefixed by the letter 'R' and, correspondingly,
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structural timelengths between these points. Inscead, repetition fits
round and reinforces whatever metrical structure is established by other
characteristics; it is a matter of structure and a set of character-
istics being repeated rather than repetition directly creating structures
as a characteristic in its own right. Thus in,Example 3/147, where
duration contour establishes an initial upbeat, the repetition at the
end of bar 4 does not cause this upbeat to be superseded, by creatiﬁg
an alternative downbeat, but merely duplicates the previous structure
and causes a metrical connection (indicated by a_broken-line structural
grouping) to»be established as a. consequence of this.duplication. By
such means,.phrase groupinge may be separated by upbeet repetition in
addition to metricel connections being establishec on the following'
downbeat. In Example 3/147, as in Examples 3/146b and'3/l45; the letter
'R' is placed on che highest possible level, one below that of the new
structural grouping established by the repetition; horigontally, it is
still placed to the left of the first note of feéetition.

| It should not be imagined that repetition Qill merely duplicate
all structural groupings associated with a previoﬁs etructure, if one
of the characteristics crucial to the original is not present in the
repetition. 1In Example 3/115b, while the opening duraﬁioh string 1 2
is repeated immediately, the first duration bears the metrical accent in
opposition to duration contour, through a combination of pitch unity,
a pre-established metrical multiple, and, possibly, a dynamic accent as
well. If the second duration 1 were dynamically accented, it might be
perceived as metrically accented; as it is, the combination of duration
contocr and a dominant to tonic harﬁonic(progressioh prove stronger,

Becacse repetition appears so frequently in music, its occurrence

is, not surprisingly, not always essential to the generation of a

particular metrical and phrase structure, but can be incidental to it.
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This is the case in Example 3/148, in which the end of one phrase

gives rise to the beginning of the next. Repetition does indeed reinforce

the structural grouping connecting the beginnings of bars 1 and 3, but
it is of a kind that would not be the easiest for the computer to
recognize: the pitch repetition is obvious, but its not being matched
by durational repetition does not lead to a structural incongruence
with duration contour in this instance, whereas in another example it
might. While it can only be an advantageous short-cut for the computer
to take account, as early as possible, of higher-~level groupings
generated by unambiguous points of repetition, the same procedure could
be needlessly inefficient if the validity of a point of repetition proved
difficult to determine.

The metrical connections put forward by repetition are undeniable,
unless the repetition is confined to one structural characteristic or
set of characteristics that is challenged by incongruence with another.
Repetition is thus ideally suited to creating regular metrical schemes
and metrical units that are based on prime numbers greater than three.
The multiple 7 is inevitable in Example 3/149, for instance, as is the
multiple 5 in Example 3/150. (The subdivisions of these multiples will
be discussed in the following section.) 1In Example 3/151, repetition
creates an irregular metrical scheme that is indicated at the level of
the barlines. Examples 3/152 and 3/153 show that metre must fit round
the start of an original statement subsequently related to a point of
repetition. In Example 3/152, the point marked 'RB1l' interrupts the
potential multiple 18 that might be expected to follow from the
repetition at 'RA2'. In Example 3/153, the metrical timelength that

might have followed from the repetition at bar 5 is interrupted by

the original statement in bars 7 and 8 that is repeated in bars 9 and 10O.
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Unlike metre, phrase grouping cannot be expected to fit round
repetition. Example 2/48 showed the necessity of a dual branch when
a point of duration closure is also the start of an original statement.
By contrast, in Example 3/154 the first letter 'R' follows the point
of closure and is heard as a repeated upbeat.

The opening of Schibert's Ninth Symphony shows, in its third bar,
that repetition can providé an extension to an existing structural
grouping (Example 3/118a). Since the repetitioﬁ'is*connected metrically -
on the same level as the first bar, there can be no suggestion that
the latter should be an upbeat, to fit round the repetition. An original
statement and its repetition can form a joint structural timelength and
thereby condition the perception of upbeats, but the tempo is too slow
for that in this e#ample.. The opening five-barvmetrical unit in
Example 3/119 (St. Anthony Chorale) was previoﬁsly explﬁined as
generated by the repetition that follows it, but iﬁ is also the result
of a repetitive extension, the extra bar (3) consisting of an equivaleht
harmonic progression to that of bar 2. In both this example and
‘Example 3/118a, the repetition extends the previous duration closure.

The fourth and fifth bars of Example 3/155 éfé simﬁltaneously a
pitch repetitiqn of bars 2 énd 3 and a durational repetiﬁion of bars 1
and 2. A metricél connectibn following from the durational repetition
seems preferable to a repetitive extension from the pitch repetition.
Simila;ly, a repetitive extension gives way to the ﬁetrical sub-
division of a four-grouping in the musical equivalent of chiasmus
(Examples 3/139, 4/51, and 3/126), although the-feverse is also
possible: that such subdivision can be superseded by a repetitive

extension of the fourth metrical unit (Example 3/156).
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The highest degree of irregularity in repetition is probably to
be found in Stravinsky's technique of incremental repétition, intro-

duced in The Rite of Spring and an important element in most of his

subsequent works. ‘In this technique, a set of small thematic cells
appear in a constantly varying order. Example 3/158 shows at 'RB2'
that repetition can separate phrase groupings withoﬁt necessarily
producing structural groupings between the points of repetition. The
function of structural groupings in connecting pﬁrasé groupings éccounts
for the grouping placed betwéen point 'RA4' and_poiﬁt 'RB2'. On the
second-~-highest lewl indicated, the various repetifions duplicate their
pre vious sfructures where ver possible, va_.gain withlout‘the need for
structural connections to their previous statements; by so doing they
help to create a regular metre on that levél. |

The extent to which the prinéiple of incremental repetition is
consciouwsly or recognizably hierarchical ié wmcertain. Two potential
structural groupingsbfrdm repetition clearly cannot conflict with eachv
other; it is homal,ﬂ“theﬁ, for the first to hawe p'riority. In Example
3/159, howewver, assuming that the figure at 'RAL' is. the key one for
making structural connections, the melodic descent at Number 109 in
the score nevertheless marks a significant thematic change and justifies
a connection to its repetition, even thbugh this precludes any
connections to the original figure in thé interveniﬁg bar. This is a likely.
pitfall for a computer program, since the significahce of thematic change
can only be judged inggitively at present.

On the other hand, it may be that the confliét between these
potential connections in Example'3/159 is the produét of a structural

ambiguity which undermines the relevance of either. It is mistaken to
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assume that music is necessarily organised hierarchically and no
clearer example of this can be found than the paééage beginning at
Number l4§ in The Rite (Example 3/160), in which an irregular metre
is established by the intermittent quaver rests.-.Any higher~level
organization would have to come from repetitioh, but it would be
misghided to assume that the pattern in the first bar is any more
distinctive for this purpose than any subsequent one. This being so,
the various possible connections from repetition cancel each other out.
One of the most important aspects of repetitidn concerns the
perception‘of repeated upbeats and their effect on phrase grouping.
Several tfee—diagrams have already shbwnuthe influence of upbeat
repetition,’fqr instance tho$e of Examples 2/63, 3/62, and 3/153. 1In
each case, the upbeat begins at the point of repetition rather than
immediately following the potential pqint of closqré put forward by
duration coptour (as in Examples 3/161 a to ¢, respectively). 1In
general, a point of repetition marks for separatibn,the beam which
precedes it on the same levei, unless the first duration.of-the
repetition or a subsequeht duration to which if is connected is an
essenﬁial point of duration closure., This éeparation marks the
beginning of a phrase Qrouping and thus causes the separafion of any
higﬁer—level beams at the same point, up td the level of thé highest
structural grouping thch defines the phrase grouping. Since the
repeated upbeat duplicates fhe tree structure of itslbrevious occurrence;
it must override>any conflicting pfovisions put- forward by one of the |
Separation Rules. Thus, if a branch preceding the point of repetition
is separated both to its left, through a Separation Rule, and to its
righﬁ, through repetition, the left separation is»invalidétea and

replaced by a full beam.
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This provision can be seén in Examples 2/63,'3/62, and 3/153 and
is further illustrated by Examples 3/162 to 3/166. In each of this
latter group of examples, the point of repetition separates two equal
durations which duration contour would otherwise group together. and it
is questionable whether, in any of them, duratioﬁ;l repetition alone
would be sufficiently distinctive. 1In Examples-3/l§3, 3/165, and 3/166,
where the initial downbeat and its repetition ére created by duration
contour, a structural grouping has been placed on the next level, between
the two downbeats. In the other two_examﬁles, the downbeats aré connected
by a broken-line grouping, since the charactefisfics which produce them
(dynamic accentuation in Example 3/162 and a longer-note accompaniment
or harmonic rhythm in Example 3/164) have not been £epresented.
Comparison of Example 3/163 with Example 3/164, both of which have the
same repeated duration string, shows that the séparation of phrase
groupings at the point of.repetition is largely unaffectéd by the
position of higher—level branches.

No£ only can a point ofbrepetition occur on.an upbeat, but an-
upbeat itself appears to suggest its own recurrence. This seems to be
the case in bar 2 of Example 3/167, which may be compared with the pre-
metrical grouping in Example 3/28, and with the end of bar 2 in Example
3/163. The tendency for one upbeat to.aid the perception ofvanother
would, at least within regular metre, be in accordance with the notion
of balance between metrical timelengths and the lengths of phrase
groupings, considered in Chapter 2. However, it is difficult, in a
computer program, to draw the distinction between .a tendency and an
automatic procedure. Thé suggestion of recurrent upbeats should not
be allowed to produce the structure of Example 3/168a in preference to

Example 3/168b, for instance. The computer may usefully be programmed
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to expect or seek the recurrence of an upbeat if éne has occurred,
but it is likely that the actual genération of every upbeat can be
accounted for by a structural characteriétic or set of characteristics.
In Example 3/167, the upbeat on the third beat is the product of
harmonic rhythm and duration contour, while its ihitial quaver is set
apart from the preceding structure by the pitch unity in the latter
(marked 'p-p'). In Example 3/163, the upbeat follows the full
repetition of a phrase grouping. |

The examples of upbeat repetition given above have shown repetition
to be stronger thén duration contouf in respect of phrase grouping.
When the repeated upbeat contains the duration of closure for the
.preceding notés, however, as in Example 3/169a, thé perception of such
closure is not denied by repetition and only a dﬁal branch caﬁ represent
the th strﬁbtures. Such a situation‘is not fundamentally different
from that in many structures.which involve both an upbeat from duration
contour and repetition on the following downbeat. The closest counter-
part to Example 3/169a is also by Brahms (Example 5/169b).' The main
structural-difference.between these examples, apart from the position
of the downbeat, is that separation.és a resuit of repetition is
necessary in Example 3/169a to reveal the upbeat, but is not necessary
in Example 3/169b to reveal the downbeat. Thus a dual branch has not
been used in the lattér»and, indeed, WOula be inapprapriate in examples
where the closure was not on the downbeat but dn a subsequent note
(Example 3/170).

A duélbbranch §n a repeated downbeat preceded'by.an upbeat would
also be wrong musically. The upbeat belongs not simply to the nearest
duration of closure but to the whole phrase groupipg to which it is

joined. As was noted in Section B, the start of a metrical unit may
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always be regarded as the beginning of a potentiel phrase grouping
because it is the start of a structural unit in the general sense.
A point of repetition {or, retrospectively, the>startlof the original
stetement) enhances the prominence of any structﬁrel'accent or metrical
accent on which it falls and any structural units or metrical.units
associated with these accents. Thus repetition on a downbeat streng-
thens any phrase grouping‘beginning on the downbeat at the expense of
the larger phrase grouping that includes a preceding upbeat. As was
noted in Chepter 2 in respect of the opening theme of Mozart's Sonata
in A, K.331, such a structure need not deny the ﬁpbeat'to»the point of
repetitioh altogether. |

Just as there is repetition on and preceding a downbeat, so a
point of repetition ﬁay follow one. This usually happens after a
structural rest or a harmonic cadence, otherWise_it is likely that the
downbeat would mark the start of_the original statement, even though
this might‘intolve some variation at the point of repetition. There is
a tendency to.perceive an upbeat in this type of repetition, as is
illustrated by Example 3/171.  In thie example the repeated phrase
grouping is treated as a separate strdctu;e on which a higher-level
metrical scheme.has been imposed. The general form of Example 3/171
may be schematized as in Example 3/172, with the numbers fepresenting
beats of the bar. The different parts of Example 3/172 show how an
upbeat arises as new metrical levels are established and the original
repeated phrase grouping is preserved. Ao alternative view is that
the initial downbeat should be seen as part of the structure to be
repeated. This results in a dual branch, as shown in Example 3/173.
An upbeat structure would be guite inappropriate in bars 3 and 4 of
Example 3/173 or in a case such es Example 3/174; furthermore, this

type of repetition may involve a phrase grouping of several bars'
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length (Example 3/175), in which an upbeat is not likely to be heard,
since it would be perceived retrospectively. |

The structure of Example 3/171 is, in any case, a special kind of
upbeat, encapsulated within a given (downbeat) metrical structure on
the next level. Such a structure can arise in an unaccompanied voice
if there are.grounds for not placing a higher—levei metrical accent at
the first available point, and if the required upbéat would take up too
high a proportion of the new metrical timelength, usually three-quarters
or more. In Example 3/176a, for instance, duration contour and the
implied hammonic progression suggest the further metfical structure
indicated by broken lines. Yet because of the slow tempo,_an'initial
upbeat is impossible.. Bachis ecore thus shews an initial rest (Example
" 3/176b) , which can be hea;d, though retrospectively, unless the perfomer
places too mdch,dynamic emphesis on the initial note. A similar
situvation prevails in Example 3/177; indeed, an initial rest seems'to
be a mannerism of many of Bach's fugue subjects., -

The opening of_the second movement of:Brahms' Second Piano Concerto
(Example 3/178) is notable for not having such an initial ;est in what
appear at first to be similar circumstanees to those of the above
examples. While the opening motive is not subject to repetition in
the short term, although it is in»the restatement}fromvbar 16, there

are grounds for perceiving a metrical accent at the beginning of bar 4

.on the same level as the one which wquld;fall.on_the initial structural
rest, if there weie ene. By the above ergumeni:, ithe'_u'lpbeat to this
metrical accent, being four‘bars long less a crotchet,-ehould give rise
to an initial structural rest to complete the four—bar unit. If this
is done, a perfeetly regular sixteen-bar metrical unit emerges;
followed by a tonic cadence on the seventeenth'baf'tbar 165 and the.
repetition of the opening motive (Example 3/179). .However, the above-

mentioned metrical accent at the beginning of bar 4 falls thexe, rather
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than in bar 2 as duration contour would suggest, because of the long B}
pedal which begins at that point and which harmonically unifies

bars 4 to 11 into an eight-bar structural unit. Thus the first three
and two-thirds bars can be seen as an upbeat to a main downbeat on

bar 4, generated by harmonic rhythm and a longer-note accompaniment,
without the need for an initial crotchet rest. This structure is
repeated satisfactorily at bar 16 (Example 3/186?}.

Some discussion of the reason for Closure RUles 3 and 4 (see
Chapter 3, Section B) is now appropriate. When ﬁhe repetition is of
the entire sequence falling between the letters 'R', or some
recognized variant of this sequence, the structurai timeleng;hs and
structural units associated with the first statement are themselves
replicated. In the case of downbeat repetition, the structural unit
is the repeated sequence itself, which, in the first statement, coincides
with the metfical unit creéted by the point of rgpetition. (See the
square brackets in Example 3/181.) With upbea£ repetition, the
structural timelength also falls on the main downbeat, since it is g

 product of the characteristics which give riée to that‘metrical accent.
The corresponding structural unit, likewise a product of these

' éharacteristics, also begihs on the downbeat and thﬁs cannot be repeated
in its entirety unless there are three statements of the material.

The present concern is with entire repéated structural units and is
therefore mostly confined to downbeat repetition.

The need for Closure Rule 3 arisés when a repeated structural unit
is incongruent with the phrase grouping from duratibn contour, as in.
Exaﬁple 3/182a. While a repeated metrical unit can clearly be seen 'in
the tree-diagram notation, on the next level (Example 3/i82b), a

spurious phrase grouping arises on the following level, after the
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applicatién of Separation Rule 1 (Example 3/182c). It is this type of
duration phrase that is invalidated by Closure Rule.3 in the context of
the more st;ongly perceived repetition. A repeatéd structural unit
that is not a duration phrase cannot be treated as one. On the other
hand, any portion of the repeated structure that duration contour would
group as an upbeat cannot be regarded completely as such. This
incongruence cannot be shown in the tree-diagram notafion alone and
may be repreSented by the overlap between én upbeaf tree structure and
a square bracket added underneath to indicate a repeated structural
unit that the computer would have to take into account {Example 3/181),

If a succession of repeated structural units are followed within
a metrical unit by some other matefial, their combined structural
timelengths form a higher structural timelength (Examples 3/183 and
4/59). On éhe other hand, the reasoning behind Ciosure Rule 4 is that
the mere reéetition of a structure does notvguaraﬁtee the perception
of a single larger phrase groﬁping: some further distinction is
required to create this, as was seen in Example 3/146. The bracketing
ﬁnderneatﬁ Example 3/184 shows how such conjunction of repeated phrase
groupings could undermine a cleai pattern of phraselengths, or phrase
contour. In this'example, as in Example 3/185; the conjunction
indicated would create a similarly artificial subdivision of the
larger dufation phrase into two halves. In addition to Example 3/146,
Examples 3/186 and 3/187 illustrate how a succession of repeated
patterns may be separated into higher-level phrase groupings, both
exampleé‘employing further repetition and, on a higher level, a -
distinction between harmonic cadences. |

As yet, no mention has been made of ;epetition between two

separate voices, although its perception has been-taken for granted
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in at least four cases (Examples 2/5, 3/176, 3/177, and 3/179). For
its effect dn the overall metrical structure, such repetition may be
treated as if it occurred in a single véice, that-is, it is capable of
establishing a metrical connection, unless the séructural character-
istic or combination of characteristics at the point of repetition is
against this, harmonic rhythm and a longer-note accompaniment being
two characteristics that are particularly immune to incongruent
repetition. With the possibility of imitative gnt;ies occurring at
irregular intervals, however, it could be confusing and misleading
ifvallbpoints of_repetitioﬁ were connected on the same level. In the

first D minor fugue from The Well-Tempered Clavier, for instance,

thé entries of the subjecf (or its inversion) 0céuf in the pattern of
Example 3/188 which is perhapé more immediately'reminiscent of
Stravinsky {see Example 3/160) than Bach. Quite}apért from the
difficulties of organizing irregu}ar metrical timelengths into hier-
-archical levels, the timelengths in this examplé are oniy one possible
form of hierarchical.organisation and must be considered subordinate
to harmonic rhythm and tonal st;ucture in pafticularm

For phrase grouping, two voices with adjacent points of
repetition may also be treated together, but, sinée‘pa;ts frequently
overlap, this should only be done on the understanding that a point
"of closure established as a result of the‘repetifion is subordinate
to that of each individual voice, if different from it. The distortion
that could otherwise result is illﬁstrated by Example 3/189: any
duration phrase created in the bass voice by the entry of the tenor
voice and extending from Rl to point R2 would be purely temporary
in the light of the following bass note, on durational, toﬁal,and

textual grounds.
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D. LONGER-NOTE ACCOMPANIMENT

Several writers, including Riemann, Sachs, Cooper and Meyer,
and Yeston,27 have commented on the metrical qﬁestions arising from .
the relationship between two or more duration strings. Sach's terms
'metric consonance' and 'metric dissonahce' are good descriptions of
what Yeston has schematized as Examples 3/190a and 3/190b, respectively.
The relevant structural characteristic will here be called a longer-

note accompaniment, however, because the present concern is with the

effect of longer accompanying‘notgé on phrase grouping as well as
metre. .

Metrical consonance and dissonance can-often seem to involQé
two or'hore musical lines whose metrical interpretations, determined
by structural éharacteristics‘present in each»indiQidual line, simply
happen to coincide or otherwise. But while such<characteristics
contribute bofh to the metrical interpretation of each line aﬁd to any
overall metrical scheme, the relationship between two duraﬁion strings
méy establish a fﬁrther type of structural acceﬁt, as follows. Ih the
metrical consonance of Example 3/190a, if the triplet-semiquaver string,
having no higher level of organization of its oWn,'is heard in
conjunction with the longer-note guaver string, it. acquires a quaver
multiple. Similarly,both the quaver string and theitriplet—semiquaverv
string have a crotchet multipie if heard in conjunction with the
crotchet string; and all three heard with the miﬁim.string have a
minim multiple. | |

Each line, then, has a structure in its own right which has no

metrical organization, and all but the minim gstring have structural

27. Riemann, op. cit., p.191ff; Curt Sachs, Rhythm and Tempo (New
York, 1953), p.41l; Cooper and Meyer, op., cit., p.l08; Maury
Yeston, The Stratification of Musical Rhythm (New Haven and
London, 1976), pp.77-9.
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accents attributed to them, derived from the various'longer—note
strings, when interpreted in the light of one or more of these strings.
Such structural accents could be seen as the product of.dynamic
accenfuationvarising on points of common attack, and to some extent
this theory has validity. But the characteristic would remain even

if the parts were played so that the overall dynamié level was constant
fof every poiht of attack. Furthermore, the anaLysis of such common
attack points can have no validity within a passage of metrical
dissonance in which there aré none, but in which one line may still be
interpretéd relative to another.

As part of the overall metrical structure, thé‘multiples in
Example 3/190a are implicit in Yeston's musical notation and in his
description of the example. But while Yeston obsérvés that 'the
existence of [structural] accents nécessarily implies the existence
of anoﬁher level of motion correspénding to the succession of the
\accenté'zs and while he sees the lines in Example 3/190a as individual
.levels oflnotion, he does not appear to view the relationship between
two lines as potentially giving rise to a successiqn of structural
accents in one of the lines} but mentions only the accentual effect
on the attaék S£ring.

In the metrical consonance of Example 3/l9ba, the attack string
between any pair of lines ié always one of the iines; in Example 3/190b,
it never isf In metrical dissénance,,theré can be a subtle, but
important, di fference between the structure of an individual line,
its structure perceived in relation to another line that puts forward‘
a higher-level metrical organization, and the structure of the attack

string. The concern of both metrical consonance and dissonance, then,

28. Yeston, op. cit., p.77.
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is not simply the generation of an overall metre, but the extent to
which the structure of one line is affected by béiﬁg perceived in
relation to another.

In the term 'longer—nofe accompaniment', the word 'aqcompaniment'
does not refer exclusively to the bass line, although theAbass has a
special importance of its own and often contains thevlongest notes in a
particular rhythmic texture. .Metrically, there’is(a'tripartite
relationship between a longer-note accompaniment, the bass, and
harmonic rhythm, which will be consideréd below and in the section on
harmonic rhythm (See Chapter 4, Section.D).» The’étructural accents .
and timelengths acquired from the accompaniment are.those most appropriate

to'thé'aceompanyingAlihe. :In Example 3/191, the top line acquires a

minim multiple from the duration contour of the bottom line as well as

a less important pattern of timelengths cbrrespondfng to thé durations
of the bottom iine.

The metrical strength of a longer-note accbmpaniment is seriously
challenged only by incongruence with harmonic rhythm (the pattern of

chord changes),certain duration patterns, the preference for regular

‘metre, and a pre—established multiple. This strength is shown in its

ability to establish irregular metre; especially in conjunction with

repetition, as is illustrated throughout Bartok's Six Dances in

Bulgarian Rhythm (Mikrokosmos, Nos.1148—l53),‘two of which were quoted
in tﬁe last section (Examples 3/149 and 3/150). 1In eéch of these two
examplés, the accoﬁpaniment metricélly accents fhe right-hand part in
a straightforward subdivision of the multiple from repetition. In

two of the Dances, the longer-note accompanimen; produces anlirregular

subdivision of the multiple 8: 5+3 or 3+2+3 in Number 151 (Example 3/192)
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and 3+3+2 in Number 153 (Example 3/193). Withbut éareful dynamic
shading of the melody,lthere is a tendency in these pieces for an implied
regular subdivision of 4+4 to supersede the irregular schemeé and‘create
syncopation in the middle of the bar. Presumablybthis tendency is
culturally conditioned and seems more marked to.thOSe whose familiarity
with jazz and popular music is stronger than théir affinity with the
folk music of Eastern Europe. A similar tendency is avoided in
Example 3/194 (Number’148) because 6f hérmonic’rhYthm: 'the E major
chord gives prominence to the first, third, and fifth qﬁavers in the
bar; conversely, if the right-hand scale had beguh on an E, the same
triadic associations would have favoured'a 9/8 metre.
Example 3/195 illustrates the metrical inferiority of the
longer-note characteristic to harmonic ;hythm, and a similar rhythmic_
texture'will be found in Examples 4/128 and 4/109. The duration
coﬁtour of_the‘accompaniment in Example 3/195 also‘seems to be surpassed
metrically by the bass A}s; the structural chéraqteristic concerned

~will be termed bass accentuation (See Chapter 4, Section A). The

semiquavers accompanied by the A} minor triad (andltheir counterpartsm
in Examples 4/128 and 4/109) may be seen as acquiring a structural,
though not metrical, accent and timelength from their accompanying
duration.

The generation of én upbeat by a longer—-note accompaniment is
parﬂy'éaused by overall dynamic intensificatioﬁ on the. entry of the
longer note; similarly, Yeston‘refers'to>changes in 'the density of
simultaneous attacks or the density of simultaneous sub-patterns' as
a rhythm-producing criterion.29 .On-its own, however, the concept of

1

an increase in the number of voices as giving rise to a structural

29. Yeston, op. cit., p.47.
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accent is probably of little use, since there are relatively few examples
in which its metrical function is not duplicated by some other character-
istic, which, when not a longer—-note aqcompaniment, is usually harmonic
rhythm, as in the opening of Mozart's G minor Quintet (K516). Harmonic
rhythm is also liable to generate metre in such a:way that the second
entry does not begin at the beginning of the bar (Examples 3/196 and
3/197) . Furthermore, there is no guarantee tha£ thé entry of a second
voice generates an upbeat: in Example 3/196, an upbeat to the beginning
of the second bar may be appropriate, but a_similar upbeat seems less
suitable in the opening of.Wagner's Tristan, thoﬁgh the tempo is
equivalent.

The metrical interprétation of polyphonic duration strings
involves not simply the duration qontour of each line and the grouping
of durations by longer accompanying notes, but also a partitioning of
“the attack string. It is possibie for this-string to have a duration
contour that conditions the overall metre. qu.éﬁample, in the two-
.against—three relétionship, there éeems to be a marked preference. for a
ternary interpretation (Example 3/198a) to a binary one (Example 3/198b),
even inbduple time: the duration céntour of the attack‘striné gives
rise to a ternary metre but resiéts a binary one(aé in Example 3/198b),
because the latter's metrically acéented iamb is unsubstantiated. A
similar preference towards a ternafy interpretation of the attack
string may be observed in the four-against-three felationship, but
this does not seem to have overall predominance, perhaps because of
the strength of binary subdivision in the 'four' 1line,

The resistance against a metrically accented_iamb (as in
Example 3/198b) is generallyovercome by the ldnge;—note characteristic,
as is illustrated by Example 3/194 (bar 4 ff.). AHowever, dynamic

emphasis is useful in such a case to support the accompanying longer
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note; conversely, if such emphasis is givén instead to the longer
duration of the iamb, the longer-note accompaniment tends to become
syncopated (Example 3/199).

Such considerations of duration contour affect metrical
interpretation when two durations overlap, both of which might be
seen as the longer accompanying note. Thus, Example 3/200a is more
likely than Example 3/200b, and Example 3/20la is more likely than
Example 3/201b. These examples illustrate thattthe durational
relationship between overlapping durations is stronger hetrically
than bass accentuation, a characteristic which ié closely akin to a
longer-note accompaniment, bécause.it involves the structural
connéction of relatively low notes (seevChapter 4, Section A).
Similarly, in Example 3/202, the structural connection of the
arpeggios' bottom pitches would no£ lead to their being metrically
accented. |

In Example 3/203, although the attack string has equal durations,
strucﬁural'connections between the left hand's dotted minims or the
right's minims will determine ﬁhe metrei inbcreating metrically aécented_
iambs, the latter is the less likely structure. Like Examples 3/200
and 3/201, the strﬁctural choice ié neutral with respect to harmonic
rhythm, otherwise the lattef éharacteristic would almost certainly determine
the metre (see Chapter 4, Section D).. When theIOQerlapping durations
or structural timelengths are genuinely equal, the metrical accents
normally fall on the first to be sounded and its successors; this
provision is also subordinate to harmonic rhythm if incong;uent with it.

It is possible for a longer-note accompaniment to be shared
between several voices or for parts to overlap, such that in each

duration string the structural timelengths between the relatively long
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durations would generate irregular metre; yet the overall metre is
perfectly regular. Where such metrical regularity is not created by
the attack string, it may usually be produced by the opposite concept -

the longest-note string - each member of which is the longest available

duration at any given time, irrespective of its voice of origin.

Example 3/205 illustrates the derivation of this.string in a case of
overlapping durations, none éf which forms a metrical timelength iﬁ

the overall context. The first member of the string, thé duration 5,

is superseded when its remaining timelength of a-semiquavér (the value 1)
is no longer the longest timelength available in comparison with the new
duration 7, which therefore replaces it in the string. Such a procedure
does not at first sight appear to match our own perceptual processes,
since we do not know the length Qf a duration until it has run its
course. However, the general form of Example 3/266 does appear to be

a vaiid type of grouping by a iongef accompanying note;. in other words,
if fhe second of two overlapping durations sounds into the timelength

of the duration following (in the same voice) the firsﬁ of the
overlapping durations, it functions as allonger’accompanying note,
beginning from its own point of attack. Such»grouping is retroactive,
independent of the length of the first overlapping dﬁration, and
consistent witﬁ the above procedure.

The influence of regular metre may be édded to the longest-note
string when an‘expected metrical accent is not éounded in the string
‘but is present in the attack string; this is required in Example 3/205.
Conversely, any regulaf metre generated by'tﬁe attack string is
metrically superior to any‘incpngruent irregular timeiengths put
forward by the longest-note string, as in Example 3/207, and affects

the perception of the longest-note string, 'Attack string' in this
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context need not be interpreted strictly as a combination of all of
the voices, if the result is an undifferentiated duration string.

The overlapping of voices influenées the perception of structural
rests, as is reflected in mgsical notation and illustrated by
Example 3/208. The sounded metrical accent in Examéle 3/208a generates a
tied note in the upper voice, but the crotchet auration still exiéts when
the upper voice is interpretated on its own or Qitb a subconscious
perception of the metrical accent. in Example 3/208b, the metrical
accent generates.a structural rest, because ﬁhe upper voice is silent
when it is édunded, and the cfotchet»duration is relevant only to the
upper voice in its own right. Duration.closure ié, however, governed
by the\proximity and separation of attacks in eéch line and remains
unaffected by the perception of a>structural rest. Off-beat notes
separated by structural rests tend to be associated'more closely with
their metrically accented accompaniment than with eaéh other, although
their linear connection is not obliterated and is aided by fast tempo,
as is reflected in Bartok's notation in Example‘3/i49 (bar 4 ff.).

‘The éeffect of the longer—note characteristic on phrase grouping
does not come from longer accompanying notes as such, but from the
capacity of the phrase grouping in one part potentially to affect that
of another, when the two are intérpréted togethef;‘ Thus, it is at least
as likely that a longer-note accompaniment will acquire the phrasé
grouping of the part to which it gives a metricél struéture as vice ggggg;
It should be,étressed,Ahowever, that in polyphony ; phrase boundary
is not necessarily éhared by all of the Voices. In this respect, a
distinction may be made between artificial phrase groupings, extracted
for the purposes of comparison with other music, and those that ére'
genuinely perceived in a voice( either on its own or in the partial or

full rhythmic texture of the piece.
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A typical instance of the transfer of phrase grouping is
Example 3/209. Duration closure in the 1onger—nete top part generates
phrase boundaries in the durationally undifferentiated bass part at the
end of bars 2 and 4 and, to a lesser extent, at the.end of bar 8.
In bars 2 and 4, the separation of phrase groupings is encouraged by
the subsequent points of repetition. Separation ‘at the eﬁd of bar 8 is
justified by eimilarity with previous phrases, but, without a point of
repetition, the final two Gs are equally likely to be an upbeat linked
by pitch unity to the subsequent note, Exampies 3/210a and 3/210b
complement Example 3/209 as two of the man§ instances in which duration
closure in one voice transfers phrase separation'to its accompaniment.

The transfer of phrase grouping cannot reasbnably b2 explained on
durational grounds alone, since pitch and harmonic patterns affect.the
transfer of duration closure. For example, the:phrase grouping marked 
in Example 3/211, which contradicts the duration contour of the upper
voice, is poseible because the Fﬁ%is harmenically iinked to the
accompanying longer-note chord. If it were, say, a C#rleading upwards
(as opposed to being a neighbour note) , the phrase grouping would end on
the minim B, although, out of context;’this would have the duration
value of a dotted minim to match the accompaniment and balance the.
upbeat.

Despite pitch and hammonic aspects, distinctions can be made
between different types of duretion patterns in their capaciﬁy to
transfer phrase grouping. In Example 3/212a, the closure in the top
part is likely to be transferred to the lower part, even though the
latter in its own right has phrase separation, at the minim level,
between the minim and the subsequent crotchet. Piﬁdh or harmonic

criteria might suggest phrase separation at the end of the third crotchet
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beat in the top part, which would still producevabvalid phrase
grouping that could be shared by the bottom line. By contrast, in
Example 3/212b, the pitch or hamonic grouping of the first three
beats would not be strong enough to contradict the duration closure

on the fourth beat, and this phrase grouping could be expected to be
transferred to the bottom line.v In Example 3/212¢, the overall phrase
grouping is again determined by the duration closure in the top line,
although a contradictory phrase grouping of the hafmonic sequence
would'supersede it.

Example 3/213 différs from Example 3/212.in having a greater
degree of separation of attacks in the bottom part and thus a lower
decay value between the first aﬁd foﬁrth beats in.that part, resulting
>in‘the greater iikelihood of a crotchet upbeat. Thé overail tendency
in Example 3/213a, then, is for phrase separation after the third beat
in the top part;‘in Example 3/213b, the top part maintains its duration
closure and the bottom its upbeat, unless harmoniéAgroupihg (for example
V - I) permits an overall phrase separation at the end of the fourth
crotchet. |

Not unlike Example 3/213b iﬁ content ié Example 3/214, except that
here the accompaniment shares the duration closure of the melody as well
as ha§ing the sense of an'upbeat'in its own rigﬁt. Yet if the duration
values of Example 3/213b aie assigned the pitch or hamonic content of
Example 3/214, the bottom linévof the former example still does not
share the top line's phrase grouping. Thus it seems that durations-
in the proportions 2:1 are sufficiently weakly separéted to be capable
of being gfouped together with a little help, whetreas those in the
proportions 3:1 are decisively separate and may.normally only be grouped
by a stroné unifying force (such as dissbnance and resolution). How-
ever; the notion of separation is dependent on a corresponding foliow—

ing phrase grouping and is weakened if the smaller duration in the
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proportions 3:1 is, like its predecessor, followed by a shorter duration
from which i£ may be separéted. In this case, transfer of duration
closure is possible (Example 3/215).

The above examples have shown that certain durétion structures
nomally separated in their own right may be joined in the overall
context to produce phrase grouping that matches duration closure in
another part.  In the examples involving undifferentiated duration
strings, the transferred separation preceded a point of repetition. If
this qualification is removed, it permits a host of unlikely transfers
from phrase groupings. that are nommally perceived as subsidiary to the
k‘predominant phrasing at a given i:empo. _ For_ 'instan.ce, the 'Cello part
in Example 3/216 is not heard as partitioned by every point of separation
in the First Violin paxt,.let alone those of the inner voices, although
it could bg artificially segmented if the phrase groupings of the melody
Qere required‘to be isolated from their context, together with their
accompaniments. Example 3/216 illﬁstrates a furtﬁer aspect of trans-
ferred phrase grouping. Familiarity with cadential chord progressions
permits recognition of a phrase ending in bar 24 in accordance with the
duration contour of the melody, instead of'in bar 23 in accordance with
the duration céntoﬁr of the bass line,.but a general rule giving
predominance to the melody in this type of ingongruénce would have the
same effect.

Two final examples (Examples 3/217 and 3/218’_illustrate both the
metrical and phrase~grouping aspects of a longer—néﬁe accompaniment;

In Example 3/217, the 3/4 multiple is determined by the sequence of
dotted minims, and by automatic continuance when the dotted mihimé

are replaced by a hemiola, unless the performer's dyﬁamic accentuation
of the hemiola produces a temporary overall binary metre. The

phrase grouping in the top part is either transferred to the

other parts or matched by them, although the four-bar phrase

between bars 10 and 13 is generated by the bass. In the following
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phrase, the bass's duration closure in bar 15 could justify an artificial
segmentation of the top part, but in terms of overall phrase groupiﬁg
the lack of suitable closure in the top part produces a continuation of
the phrase. The same situation occurs in bar 29. The structure of
Example 3/217 is that produced by the characteriétics.presented so far,
principally by duration, and the phrase groupings are asserted without
any knowledge of tonal cadence. It.is evident, however, that the

N .
recognition of the{ '}progression defines cadences that can lead

v-

to a higher level of phrase grouping than that showh.

In the opening of Example 3/218, the attack relationships

‘among the various parts produce a crotchet'multiple, itself grouped

metrically by the 1onger—note_minims of the tdp'pafﬁ. The main
duration phrases are perceptible at this minim level, but on thg

same lewel there is metrical ambiéuity at the beQinning of bars 5

and 7: at the élow tempo, structural rests seem less likely than the
alternative sfructures shéwn beneath the main diagrams, although the
recognition'of répetition in bar 6 (in relation to bar 2) would
produce the first structural rest retroactively.. The semibreve
multiple is generated by tonic accentuation (see Chapter 4, Section A)
in bars 2 and 6, as well as by'subdivision of the .two-bar duration
phrases. Transfer of phrase groupings between the bass and treble in
bar 2 is not appropriate, because the lower—level,pﬁrase grouping of
the quavers would be contradicted without beinq replaced by duration

phrases. Thus the treble and bass phrase groupings overlap.
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CHAPTER FOUR

STRUCTURAL CHARACTERISTICS: PITCH

Theorists from the time of Ancient Greece to the present day have
mainly been preoccupied with the‘structure of pitch systems 'outside
time' (to use Xenakis' term)l: scales, modes, hexachords, temperament,
consonance and dissonance, diatonic harmony, .and, moré recently, the
classification of pitch sets in twelwe-tone and atonal music.2 In the
writings of Schenker and those who have followed and extended his
system, and in the theofies of Coopér and Meyer, Komar, and Yeston, an
attempt has been made to consider the relative importance of pitches
~and harmonies.inside actual compositions as they affect, or are affected
by, the flow of musical ideas 'inside time'.3 But thle the pitch
structure of a composition, which is one of the principal concerns of
this second group of theorists, is a fﬁndamental acpect of rhythmic
structure, relctively little can be found in their writings to elucidate
the structural characteristics of pitch and harmcny that affect the
perception of metre and'phrasing on the small scale.

The present chapter puts forward these'characteristics, as
follows: Section A considers the cHaracteristics that generate pitch
patterns without any understanding of tonal harmony; Sections B tc D

deal with the structural characteristics from tonal harmony; while

1. Tannis Xenakis, Formalized Music (Bloomington, Indiana, 1972),
p. 185.

2. See,for example, George Perle, Twelve-Tone Tonality (Berkeley,
California, 1977); Allen Forte, The Structure of Atonal Music
(New Haven and London, 1973). ’

3. See, for example, Schenker, Der Freie Satz; Salzer, Structural
Hearing; Cooper and Meyer, The Rhythmic Structure of Music;
Meyer, Explaining Music; Komar, Theory of Suspensions; and
Yeston, The Stratification of Musical Rhythm. Full details in
bibliography.
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Section E discusses some aspects of the relationship between rhythmic

structure and tonal harmony.

A. PITCH PATTERNS

This section considers the structural characteristics which
determine phrase grouping and structural accentuation in strings of
pitches, largely through proximity or separation in the pitch
spectrum. The patterns concerned are non-tonal: they do not depend
for their existence on the presence of tonality or the ability to
recognize it, although they often complement tonal procedures. While
these patterns arise from pitch contour, this term ié not to be
confused with melodic contour. Melody, in its wideét sense, is
concerned with the overall contour of a.musical line, Shaped by
duration as well as pitch, by metre and phrasing, harmony and tonality,
timbre, articulation, and dynamics. Except where it produces pitch
patterning, pitch contour itself does not tend to function as a
structural characteristic, that is, it does not necessarily generate
metre or phrasing. Ratﬁer, the tension and relakation fepresented
by the rise and fall of pitch often exists as part of melodic
contour within a given metrical and phrase structure, which pitch
patterns may neverfheless have helped to create (Example 4/1).

The structural characteristics of pitch patterning tend to be
the weakest of all characteristics, in respect of both metre and
phrase grouping. However, if other means of differentiation,
especially duration contour, are absent from a musical line or are
not too prominent, pitch patterning‘is perceived clearly and its
effect on rhythmic structure can be quite powerful. For instance,

in Example 4/2, it creates a phrase grouping which is unaffected
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by the higher-level structural grouping imposed by the longer-note
accompaniment, though metrically subsidiary to it fExample 4/2b) .
Repetition of the pitch pattern determines the,ﬁéxt metrical level
and a phrase grouping is created on this level bybfurther pitch
differentiation: the change in register in both ﬁreble and bass
voices. This in turn will produde the metre of Baeh's barlines (see
the dotted line bracket in Example 4/2¢) if we a¢cept the opening
bass Ds as the start of a metrical unit and assume a preference for
a metrical timelength that is a multiple of 4 to one that is a
multiple of 5.

In Examples 4/3 and 4/4, the raised pitch of the Ds and Gs,

respectively, creates what have been termed tonic accents, which

function as structural accents of pitch contour.4 Example 4/3
demonstrates their ability to create metré in the absence of durational

differentiation: the first tonic accent produces'a metrical sub-

"division of the first duration phrase. 1In Example 4/4, the tonic

accents create a pattern of structural timelengths, analagous to- the
durations below the examplé. Structural timelengths are produced b§
the phrase grouéings of pitch patterns in generai, Qhether on o; off
the beat (Examples 4/5 and 4/6 respectively).

Pitch separation is the analogue of the separation of attacks in

duration contour. Only the simplest clustering procedure for‘pitch
will be presumed here. This procedure would examine musical lines
individually and consider the melodicvinterval between adjacent
members of the pitch strihg, successive layers of grouping being

formed by increasing the size of the interval (measured in semitones).

4. Willi Apel, Harvard Dictionary of Music, second edition
(London, 1970), p.857.
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Clustering'ﬁp to and including a given -interval size can then be

read by amalgamating layers of groups, as in the pre-metrical grouping
of duration contour. The distinction between layers need not and
should not always be uniform: seconds can be classed together, as

can thirds, sixths, and sevenths; fourths can be classed with fifths.
To class the unison with the octave would create problems in such a
purely intervallic assessment; these two are in’any.case linked by
octave equivalence as an aspect of pitch unity (sée below) .

A procedure based on the above lines should éroduce the grouping
bracketed above Examples 4/7 and 4/8. A more comprehensive clustering
technique would attempt to group pitches that Were’not adjacent in
order of attack, but were relatively close in the pitch spectrum.

Such grouping would be concernea with the identification of muéical
lines, which has largely been omitted ﬁrom the present study. It

would not only separate the pitch patterns of Ekample 4/9a, but

suggest the possibility of grouping these into two voices (Example 4/95).

The opposite procedure, that of amalgamating separated lines, is within
the scope of the present procedure, however. Tovey has remarked that
the arpeggiated opening of the B}, Prelude from Book 1 of The Well-

Tempered Clavier (Example 4/10a) should be regarded as a complete voice

in conjunction with the bass (Example 4/10b);5 such a reading is
producéd by the attack string (the upper voice of Example 4/10b) and is
justified as a single musical line becéuse it shows no significant
pitch clustering, due to the relative uniformity of ingervél size,

Its pitches are in any case related to each other by harmonic rhythm,
according to which the string would be analyzed as a series of

arpeggiated triads.

5. J.S8. Bach, Forty-Eight Preludes and Fugues:; edited by Donald
Francis Tovey, 2 vols (London, 1924), I, p.l58.
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The principal difficulty with the more comprehensive form ofv
pitch clustering suggested above is that it would essentially be é
clustering by both melodic interval and attack interval; a simulténeous
clustering of pitch contour and duration contour, in which the unit
intervals of these two parameters wouid not have equal status, duration
contour being the stronger characteristic. 1In Example 4/11la, in which
duration contour is incongruent with pitch proximity, phrase grouping
is by duration contour, not by the interval of a semitone, which the
metrical grouping of musical notation highlights. Duration contour
predominates even if the difference in duration values is se&erely
curtailed (Eﬁamples 4/11b and 4/11c); the semitone grouping requires
the aid of articulation to have any structuralvsignificance (Example
4/114) and duration contour still prqduces a subsidiary structure.v
The structural preferences in Example 4/11 are further complicated by
the fact that du?ation éontour highlights a méaningfui, though
arpeggiated, harmonic proéression; it will be seen that harmonic rhythm
is the most powerful of all structural charéctefis£ics and, even within
a single musical line, it is difficult to avOid its presence or its
effect on phrase grouping. In Example 4/12, the dactylic groupings
predominate over the incongruent anapestic phrase groupings from
duration contour and this appears to be due to thg increasing
separation of the former; but in this example, goo, other factors are
present (principally repetifion), as will be considefed below. By
contrast, iﬁ Example 4/13, the incréasing pitch separation has little
effect on the phrase grouping from duration, except, perhaps, to

suggest linear grouping.

A third aspect of pitch patterning is directionél'grougigg, by

which is meant the perceptual preference for phrase groupings which
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proceed only up or down in pitch (Examples 4/14a and 4/15a) as

opposed to those which involve a change of direction (Examples 4/14b
and 4/15b). In Example 4/16a, this type of patterniné produces separated
groupings and subsequent métrical connections on the levels on which
duration contour gives no further differentiation. In this and many
other cases, pitch separation would produce the samé'grouping, but
direc£ional grouping is not dependent on a relatively large interval
(Example 4/16b).

In Example 4/17, directional grouping creates an anacrustic
phrase grouping which would hot be revealed bf duration contour or
harmonic rhythm. In Examples 4/2, 4/14, 4/18, and 4/19, it gives rise
to off-beat timelengths that_are enhanced by the tonic accenté which
it also re?eals. In Examples 4/14 and 4/19 di;ectional grouping
establishes a cross-rhythm of 4 against 3 which is more intriguingb
in Example 4/19, where repetition creates évsecond—level cross~-rhythm
in relation to the mefrical timelength of 18 (6x3). |

Despite its(clérity in these examples; directional grouping often
suffers from an inherent‘ambigﬁity of direction which relies on other
characteristics for its solution. In Examples 4/20‘and 4/21 the
‘directional grouping could be 4 + 2 or 3 + 3; it is 4 + 2 in Example 4/20
because of the longer-note accompaniment and 3 + 3 in Example 4/21
because, in the perception of harmonic fhythm, it is recognized as an
expansion of a sequence of thirds.

Directional groupingvis certainly weaker than;pitch separation
(Examples 4/22 and 4/23). It fails at 'X' in Example 4/23 despite the
féct that the expectation oﬁ it is reinforced by tﬂe preceding
repetition. It is weaker than dissonance resolution (marked 'd-r')

in Example 4/24. It can be weaker than repetition of a pitch pattern,
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as in Example 4/25, where its theoretically possible subdivision of
1 + 3 is meaningless unless produced by articulation, for example by
playing the first of every four notes staccato (aithough'there is no
musical justification for doing so). On the other-hand, repetition
of a proposed directional grouping, as in Examyles'4/26a and 4/27, often
strengthens its case: it is doubtful that the first four pitches of
Example 4/26a alone would produce directional grduping (Example 4/26b).
Directional grouping is weaker than duration éontour, if
incongruent with it (Examples 4/28 and 4/29), and weaker than other
phrase grouping derived from it (Example 4/30) . Directional grouping
is also weakef than any phrase grouping genéraﬁed by a longer-note
accompanimernit (Example 4/31) or by harmonié'rhythm'(Example 4/32). 1In
these last five examples, the relative weakness of directionai
grouping effectiVély invalidates its influence on the prevailing phrase
groupiné. |
Pitch unity is concerned with the perception of two or more notesb
as having the same pitch. Such notes will be labelled with the lettef‘

'p'. Pitch-class unity, which is of slightly lesser structural

importance, may similarly be labelled 'pc'. Pitch unity and pitch-class
unity are most easily recognized between adjacent notes, but may also
be perceived between non-adjacent notes, depending on other grouping
and on how far apart the notes are.

As a structural characteristic, pitch unity binds the repeated
pitches together into a single phrase groupiﬁg;‘théreby eétablishing a
structural timelength which may become metrical if it is not incongruent
with any other characteristig. ‘Pitch unity is reséonsible for the |
grouping and off-beat structural timelengths in Example 4/6, the

metre being determined by a pre-established multiple. In Example 4/33,
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it generates metrical timelengths of 2. Fér all its simplicity,
this example illustrates precisely the difference between a note of
a certain duration (the minim G) and two pitch-unified notes of an
equivalent timelength: despite the pitch unity, the duration string
has an independent structural identity. The generation of metre by
pitch-class unity is illustrated by Example 4/34, although either the
longer~note accompaniment or directional groupiné would produce the
same structure,

Pitch unity includes the conceptof the 'neighbour-note', in
which the fepeated pitches are»separatéd,by.one other pitch that is
a diatonic or chromatic step above or below (Example 4/28).6 There
is a difference, however, in that the neighbour-note tends to be seen
as an elaboration Qf a harmony note( whereas in the present view, no
concept of triadic»harmony is required. Furthermore, the size of the
interval involved is‘of no significance to the perception of a
repeated pitch or pitch-class; indeed,'the larger it is, the more
closely the repeated pitches are associated by 1ineér grouping. '~ In
Example 4/35, the regularly repeated C#s affirm thé multiple 2 (which,
in context, has been established already),vwhile separation on this
level is caused by the congruence of pitch unity with pitch proximity.
Pitch unity algo has the capacity to define thé beginning and end of
a phrase grouping. 1In Example‘4/36, this leads to a metrical émbiguity.
between a multiple of 3/8 produced by the connected Gs and one of |
3/16 (or 6/16) from the triplet groupinés defined by the alternative
pitch unity indicated. Thé notated metre presumaSly suggests_the
.addition of sufficient dynamic accentuation to solve this ambiguity,
but the triplet grouping survives as a cross—rﬁythm; (A similar
ambiguity occurs in the third movement of Grieg's Sonata for Violin

6. See, for example, Walter Piston, Harmony, revised by Mark DeVoto
(London, 1978), p.ll4.
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and Piano, Op.45, where the notated metre favours the triplet.)

The 'double neighbour-note' - two pitches separating the
repeated pitch, one above and one below - is also recognized in
harmonic theory,7 but the concept may be exﬁendéa here to include
repeated pitches separated by any reasonable number qf notes, subjéct
to the influence of stronger characteristics. Pitéh unity defines
separate phrase groupings and the multiple 4 in Example 4/37, though
reinforced by repetition} it may be noted from this example that
such phrase groupings are stronger fhan those thét might.be produced
by directional grouping. In Example 4/38,vthere is no real conflict
between the alternative pitch repetitiéns: the middle'pair form a
structural timelength on oﬁe level (a); the outef two form one on
the next (b). It would take only a little &ynamic accentuation on the
" first note of the middle pair, however, for their pitch unity to
predominate and produce the metrical multiple 4‘with a quaver upbeat.
In Example 4/39, similarly, repetition of the first pitch predominates
in generating the metrical connection, but slight emphasis on the
second pitch would cause it to do likewise.

While the repetition of a pitch cannot alone dictate a metrical
structure in opposition to.strongef characteristics, in particular
duration contour, it is not so certain that its capacity for phrase
grouping is annulled by incongruence with other characteristics. 1In
Example 4/40a, the first quaver E is still an elaboration of .the D#,
despite the latter's harmonic inferiority; successive reductions
would favour the pitch unity of the Dis (Examp1e14/40b) before

removing the dissonance (Example 4/40c). Another instance of the

7. Piston, op. cit., p.l1ll5.
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" apparent superiority of pitch unity over dissonance resolution is

Example 4/41, in which the first of each pair of repeated pitches is

‘primarily an anticipation of the second on the main beat, and only

secondarily the resolution of a dissonance, where marked as such.

By contrast, in Example 4/42, the addition of arﬁiculated grouping
favours afterbeat structures in preference to pitch unity and imparts
the sense of an appoggiatura to every slurred pair, whether a
dissonance and resolution or not.

An upbeat strongly asserted by duration contour is not turned
into an afterbeat structure by pitch unity, although,the latter
tempers the degree of separation of the phrase groupings. Thus, in
Example 4/43, we are aware that the pitch unity in the dotted-note
figures forms a subsidiary structure in respect bf phrase groupiﬁg,
which seems adequately notated in a single tree-~diagram by the use of
the letter 'p'. In Example 4/44, likewise, the elaboration of the A
is understood by the pitch unity marked, whereas the figure f?ﬁ,Jﬂ'
shown in the tree is important in its own right. Such incongruence
between pitch and durational structures simply_has to be understood
in two senses simultaneously. The phrase grouping of the melody line
in Example 4/44 by duration contour (and dissonance resolution) does
not permit the pitch structure to be understood properly, but the
melodic segment represented by the above duration'string is at least
viable as a phrase grouping, whereas that denoted by the figure Jffﬁﬁ ‘
seems considerably less so. Since the éfounds for viability are
durational‘in both cases, it may be concluded that duration contour
isbthe superior characteristic and the grouping from pitdh unity is
subsidiary. By contrast, in Example 4/45b, thematically developed

from Example 4/45a (which is similar to Example 4/44 in duration
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strucﬁure and pitch unity), the grouping from pitch.unity is
congruent with that from pitch séparafion andvrepetition, and predominates
over durational phrase grouping.

Example 4/46 has beeén constructed to illustrate the confusion
that might arise if all possible pitch unity were given equal status
inlrespedt of phrase grouping. The first two repeated Ds (1) help
to form a minim metrical timelength; the third D, however, sandwiched
between the first two repeated Es (2), is subordinate to them, just
as the alternative pitch repetitionin Examp1e 4/39tis subordinate to
that which occurs first. Likewise, the repeated Fs (3) form a
subsidiary grouping in relation to which the third E has little
significance. The repeated Es (4) have latent structural importance:
if repetition did not link structures (2) and (3) or if some dynamic
accentuation were added to the first E, the pi;ch,unity of the two Es
and the notes iﬁ between them would form a phrase grouping with a
minim structural timelength. The two As (5) are not a valid case of
pitch unity; they illustrate that the characteristic is too weak to
contradict durétibn closure. An articulated slur connecting the two
As could, of course,‘briﬁg out théir pitch upity, phereby giving
the first A a dual structural function (it would still be a point .
of duration closure); The two adjacent Gs (6) have an easily
recognizable pitch unity, but, as in (4) above, Ehis seems to have no
effect on phrase grouping when incongruént with a repeated pitch»
pattern (the two halves of bar 3). Héd thé first hote of the last
bar been a E, however, the further pitch unity would have created an
alternative repeated pitch pattern and a corresponding structural
ambiguity between the two repetitions. 'Thé pitch unity of.the two

Fs (7) is also incongruent with the repeated pitch'pattern in bar 3,



190
but its congruence with the phrase grouping from duration contour
gives it validity.

Pitch pattern repetition will be taken to include patterns

related by ihtervallic repetitiqn; Alternative but less immediately
perceptible forms of repetition are retrograde (of both pitch and
interval strings), inversion (intervals only), and repetition of an
unofdered pitch set. Furthermore, any of these six tyées may occur
independently of (be incongruent with) durationélkrepetition.

The specification of exact inte;vallic :epéiition would be of
little relevance in most tonal music, which is more concerned with
diatonic intervals (that is, with the equivalence of seconds, thirds,
etc.). Yet the perception of intervallic repetition in tonaivmusic
does not regquire the recogﬁition of diatonic intéfvals, which a
computer could qnly deduce from their twelveftone_equivalents through
a knowledge of scales or a conceptioh of tonal's§ACe. For instance
- in Example 4/47 it is not eésential, though not.i;;elévant, to
recognize a repeated interval of three scale steps between the latter
twovmembers 6f each group of three. The notions'df approximate
interval and intérval'direction ('up' or 'down') seem to be sufficient
criteria for perceiving a repeated pattern. Thus in Example 4/48a we
are aware of a-repeated quaver figure in one sense, through the
similarity of interval movement, while the dissiﬁilarities of pitch
command our attention in linear and,harmonic senses (Example 4/48b) .
Three further examples containing repeated interval patterns with
significanf pitch changes are the B} major (Example 4/10a), the

C major, and the C minor Preludes from Book 1 of The Well-Tempered

Clavier. Interval direction may not seem a sufficiently distinctive

criterion for identifying a pitch pattern; yet a dictionary of musical
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themes has been compiled on this basis alone.8

Octave equivalence has been omitted from pitch pattern repetition,
since pitch-class repetition is covered by interval repetition and
octave-equivalent intervals are covered by repetition of interval
direction. The retrograde repgtition of a pitch pattérn (Example 4/49a)
is covered-by repetition of an unordered pitch set and sometimes by
directional grouping (Example 4/49b), but the concept is useful,
nevertheleés; the retrograde repetition of an interval pattern (Example
4/50) is not covered by any other characteristic. Retrograde
repetition also includes thev'antecedént-consequent' form, the musical
equivalent of éhiasmus, in which the reversal éf elements does not
necessarily take place on the léwest level, but may involve the
repetition of whole sub—trées or parts thereof (Example 4/51)., The
inversion of an interval pattern is a clearly recognizable form of
repetition‘(Example 4/52) if it is the interval direction that is
inverted; the octave complementation of individual infervals in a
pattern seems too contrived to be perceived as a 'natural' trans-
formation. Equally contrived would be the repetition of an unordered
set of intervals (Example 4/53a); but the repetition of an unordered
pitch set is a different matter (Example 4/53b).

While it may be genérally desirable to consider pitchbpatterning
as a set of structural characteristics in its own right, in thevcase,
of pitch pattern repetition the influence of other characteristics is
too strongly pervasive to be left out of the argument. . The tendency
of repetition to reinforce the metre and phrase grouping of other
characteristics, including those of pitch patterning, helps to make
it dependent on these characteristics,vrather_than assert its own
identity. Example 4/54 illustrates the need to consider all

8. Denys Parsons, The Directory of Tunes and Musical Themes
(Cambridge, 1975).
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characteristics together to decide which structural interpretation

is reinforced by repetition. Bars 90 and 91 each have a repeated

pattern of diatonic intervals in the treble line, whose congruence

with metrical grouping suggests abpossible phraée grouping

(Example 4/55a). However, incongruence with duration contour makes
this highly unlikely; duration contour itself puts forward the phrase
grouping of Example 4/55b. Against the structure 6f Example 4/55a,
too, ié the tonic accentuation of the dotted crotchets; Mozart's
sforzando markings strongly emphasize. a repeated érouping beginning
on these tonic accents (Example 4/55c). . If an understanding of tonal
harmony is inciuded, the recognition of a perfecﬁ cadence at the |
beginning of bar éo suégests a following upbeat whose reinforcement by
subsequent repetition makes the structure of Example 4/55c¢ the most
likely phrase grouping.

Repetition of ‘a pitch pattern alone is not stronger than dura;ioh

contour in respect of phrase grouping, when incongruent with it.
If Example 4/55c were rewritten as in Example 4/56, that is, with an
added appoggiatura and without the sforzandi,_thehrepetition would
probably only be apparent if emphasized by articuiétion in the form
of a short break after the A; otherwiée, duration ciosure would tend
to predominate, as shown in the trée—diagram. It does not do so in
Example 4/55c because the repeated pattern is the auration string

31 2, noted previously as a potentially separable duration phrase
(see Chapter 3, Section B);

However, the phrase grouping from durationAcohtour can be subsidiary

to a repeated pitch pattern if the latter is reinfprced by directional
grouping or by pitch separation and pitch unity. In Examples 4/57a and

4/57b, it is clearly pitch pattern repetition and directional grouping
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that determine the phrase grouping‘of the melody line, in 4/57b
predominating over durational repetition; in béth cases, however, the
groupings are acceptable as duration phrases. In Examples 4/58 to
4/60, on the other hand, the congruence of the saﬁe two character-
istics predominates over duration contour, although in each example
the latter provides an important subsidiary structure; in Example
4/58, the upbeat from duration contour, with its progression from
dominant to tonic, is significant enough to be included in the tree-
diagram. In Example 4/59a, the phrase grouping‘creates the impression
of added—note chords; the pitches on the crotchets are not passing
noteé in any‘melodic senée. In this éxample, also,:pitch pattern
repetition produces a pattern of structural timelengths in the
proportions 3:1, which a linear reduction‘would properly take into
account (Example 4/59b). In Example 4/60, the durational upbeats
(the crotchets) are clearly part of the prevailing triadic chord,
but congruence.with harmonic rhythm is not a prerequisite of
directional grouping (Example 4/61). 1In Example. 4/62, proximity of
attack would probably favour the phrase grouping:put forward by
duration contour, but for the pitch separation which offsets the
first directiohal groﬁping. The repetition of this pattern then
continues to favour directional grouping as the predominant phrase
grouping. Examples 4/12 and 4/45b show that the congruence of pitch
separation and pitch unity is stronger than duration contour; in
both examples, repetition reinforces the g:ouping that other
characteristics have established.

In the foregoing examples, the incongruence of pitch pattern
repetition with duration contour concerns only the phrase grouping
put forward by the latter; the duration values themselves do not

change when the pitch pattern is repeated. The familiar augmentation
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and diminution consist of a repeated pitch patte:nAWhose corresponding
durations are in the same proportions as those of the original statement,
but are respectively longer and shorter. Where the duration values of
the repeated pitch pattern are not related to those of the original,
the effect of the repefition on metre and phrasé o;ouping is minimal,
although clearly vital to an overall structural explanation of the
passage. The repetition in Example 4/63a is a form of inexact diminu-
tion which does not contradict the phrase grouping from duration contour
and thus complements it; duration oontour itself establishes the métre
and the four-bar phrase, although the thematic uoity of the latter is
undoubtedly'strengthéned by the repetition. In Exomple 4/63b, the Dis
which begin the repeated pitch pattern establisﬁ an initial metrical
timelength of 12 (3/4), but they do so beoause of tonic accentuation,
while tho repetition is incidenfal. in‘Example 4/64, one is' aware of
the pitch and pitch-class repetition,vbut the phrase grouping is
derived from duration contouf nevertheless.

Two further aspects of pitch patterning must be mentioned, both
of which are related to linear grouping. The first is illustrated by
Example 4/65: one pitchvremainsvstatic while the other moves downwards.
Similarly, in Examples 4/27 and 4/66,Athere is one 'moving voice' among
static configurations of two‘and three cther notes, respectively. The
structurally importanﬁ.feéture of such examples is that the moving
voice is a generator of metre, the moving notes being seen as occurring
at the start of metrical units. Exémple 4/65 demonstrates that this
characteristic is stronger than the capacity of the £0nic to deterﬁine‘
metrical accentuation (see Section C); on the other hand, a longer—note
accompaniment could easily suppress ﬁhe meorical tendency of such a

moving voice.
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The last aspect of pitch patterning to be considered here will

be termed bass accentuation. It concerns the structural accentuation

of the lowest pitches in a line and their frequent meErical and
linear connection, particularly in the bass line. -This character-
istic is the.opposite of tonic accentuation and istnormally associated
with pitch pattern repetition, but its perception may also arise from
pitch separation (Example 4/67), pitch unity (Example 4/68, in which
the repeated pitch is technically not the lowest), or directional
grouping (Example 4/69). - Conversely, bass accenfuation may be seen
as reinforcing the perception of other pitch patterns, since it

tends to suggest the beginning of.such a pattern aﬁd_is perceptible
in its own right. A computer could easily be programmed to pick

out the lowest pitches in a string and ascribe special significance
to repeated pitches and to those lowest pitches recurring at regular
intervals.

The concept of bass accentuation includes the Alberti bass aﬁd
other groupings made from broken chords which start on the bass note
of the chord. Pitch patterns which begin on a relatively low pitch
need not necessarily be arpeggiations of functional chords, however,
and it is important to stress that such patterns as those in the
treble line of Example 4/70 are perceptible as simple pitch patterns
without any khowledge of triadic harmony. Although they can also
be seen as the expansién of a triadic progression, it is much
.simpler if this analysié follows the pefception of the patterns
rather than precedes it.. |

The metrical capacity of bass accentuation sﬁems from the fact
that relatively low pitches are structurally accented: their linear

connection effectively makes them equivalent to a bass longer-note
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accompaniment; for instance,,Exampies 4/67 and 4/71 differ only

in that they are two possible ways of partitioning the same material
into musical lines. The structural accentuation is'seen in

Example 4/63, in wﬁich the grouping is off the béat, being incongruent
with an established metrical multiple; in this example, however,
attention is also drawn to the lower note of each péir because it is
a ﬁoving voice against a static one, of thebtype déscribed above.
But the same structural accentuétion may be observed in Example 4/70,
whether the multiple is perceived as beginning on“the first note of
the treble line, following the repeated pitch pgftern and harmonic
rhythﬁ, or §n the first A in the bass line (perhaps aided by dynamic
accentuation),_fdllowing the longer-note accompanimenﬁ.

Metrically, bass accentuation is as important a characteristic
as a 1onger-note accompaniment. 1In the light of thisi Ravel's
‘scoring of the second movement of his Piano Concg;to in G major
(Example 4/72) in 3/4 seems wishful thinking in rélation tb a
distinctively 3/8 (or 6/8) accompaniment; séparate time signatures
might convey the 3/4 of the treble line in its own right, but the
transfer of’tﬁis metre to the bass line in oppositidnvto the grouping
from bass accentuation Qould reqﬁire articulation or dynamics out of
character with the quiet legato nature of the moVémént. An ihstance
of metrical ambigquity ifivolving bass accentuation is given as -
Example 4/73. According to the,hotated scofe, thé established metre
enables the chords marked 'X' to prevail metrically over the lower
notes‘in between them. But even when performed with carefully graded.
dynamics, the metrical tendency of bass accentuation causes these
lower notes to suggest an alternative structure too strongly to be

ignored. This structure is further emphasized by the dynamic accents
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on the second and fourth beats in the treble line énd especially by
the structural timelength between the first and second of these
accents. It is doubtful that many 1isteners, héariﬁg only a passage
beginning on the second beat of bar 208, would pefceive the metrical
accents as notated, in preference to bass accented ones, which also
feature the 'moving voice' characteristic.

The incongruence of bass accentuation with tonic accentuation in
respect of metre is common, but to say thgt one wésvsimply stronger
than thé othér would be naive, since much depends on which comes
first. 1In phrase grouping, tonic accentuation is unaffected by bass
accentuation; in'Example 4/2, for instancé, the repeated As can be
classed as tonic accents, but the phrase grouping is directional and
would not be altered if there were a metrical connection between the
bass accented Ds. Metrically, tonic accentuation.depends on a risge
and fall of pitch. Bass accentuation also depends on a rise and
fall of pitch, but is unaffected by a fall of pitéh_preceding'the
initial lowest pitch. Thus, in Example 4/74a, the metrical
connecﬁions are‘determined by tonic accentuétion; ih Example 4/74b,
by bass accentuation.

A final example (Example 4/75) illustrates not only the effect
of bass acceﬁtuation on metre, but sums up pitch pattefning as a
whole by shqwing the cross-rhythms which can emerge between its
different aspects. If there were not a pre-established metrical
multiple,_the treble line , on its own, would be -governed metrically
by the toriic accents that Chopin has highliéhted to be emphasizeé
in performance as the predominant melodic Iinef Thesé accents
would partition the accompanying notes (the '2's) into groups of

four, a grouping reinforced by a repeated pattern of interval
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direction. However, the broken-chord figuration of the bass line
produces a bass-accented metrical timelength of 18 which is imposed

on the treble line. The common attack points of the two-against-
three pattern now establish a metrical subd}vision of length 6,

which metrically breaks up the grouping of what are now triplet
semiquavers and places the tonic accents in a cycle of length 8 against
the bass line's one of 18, a cross-rhythm which, as the brackets
reveal, runs its full length of 72 (the lowest common multiple of 8

and 18), a pattern of nine against four.

B. DISSONANCE AND RESOLUTION

The nature of consonance and dissonance must surely be the
oldest controversy in musical theory. The gradual emancipation of the
dissonance, which came radically to fruition at the turn of this
century, has involved changes in our evaluation of certain chords as
much as changes in harmonic practice itself. But these changés of
attitude do not seem to have altered our capacity to recognize the
resolution of dissonance when it occurs. For example, while nobody
in the late twentieth century, hearing a single 2 chord in isolation,
is likely to hear it as dissonant in an absolute sense, as he might
have in the sixteenth century, most people would still readily sense
its resolution in a following g chord. Many listeners, perhaps
drawing on past experience, might appreciéte the capacity for resolution
in the 2 chord, but such expectation is a dimension of musical experience
which is not essential to the present study.

The perception of metre and phrase grouping is less concerned

with dissonance per se thaawith the association of the dissonance with

its resolution, which will be marked 'd-r', In Example 4/76 this
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association, aided by articulation, results in an afterbeat structure,
in opposition to duration contour which would otﬁe:wise have included
the note of resolution in a repeated upbeat. Aparﬁ from articulation,
the qualifying factor in this structural preference is the recognition
of resolution in relation to a preceding dissonance, not of any quality
of dissonance in itself. If resolution does not occur, the potentially
dissonant chord must stand on its own merits, being heard as dissonant,
consonant, 6r otherwise, according to one's historical or cultural
standpoint. 1In Example 4/77, the resolution is so long-delayed as to
be of limited structural value, especially since the dissonance is an
acceptable entity in itself fér.the year of composition (1913).

Dissonance resolution is pormaliy associated with metrically
accented dissonances (including both suspensions and appoggiaturas) not
so much because of cultural preference in placihg the characteristic
in such ‘a metrical position, but rather because of the characteristic's

-own properties which favour that position; The first of these is the
strong tendency to have at least one durationldr'one repeated pitch
which is common to both the dissonance and - its resolution. The common
pitch is often highlighted by being the bass note or the tonic of the
chord of resolution or both. The metrical effect is of a longer-note
accompaniment, which is unlikely to fall naturally across a barline,
despite the tonal superiority of the chofd,of reéolution, as can be
appreciated by comparing Example 4/78a with Exampie 4/78b.

The second property is that the dissonance and its resolution
form a éingle grouping and structural timelength'fbr the purposes of
determining harmonic rhythm, the representative chord for this purpose
being the tonally superior chord of resolution. Since harmonic rhythm

has the strongest influence on metre of all structural characteristics,
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especially in conjunction with a longer-note accompaniment, dissonance
resolution becomes virtually synonymous with metrical accentuation on
the dissonance, unless such a structure would be incongruent with a
pre-established metre (Example 4/79) or a strong dynamic accent on

the resolution. Thus, in Example 4/80, the recognition of dissonance
resolution alone is sufficient to generate a 3/4 metre.

A passing-note dissonance need not be confused with dissénance
resolution, since, in the former, the above features normally occur in
reverse order. The representative chbrd for harmonic rhythmic purposes
precedes the passing note or notes, and the harmony notes and passing
notes are likely to be linked by a longer-note accompaniment. An
exception is the suspension, which could be interpreted either as a
passing-note chord ar & a1 accented dissonance (Example 4/8la and b).
The progression of Example 4/81 is derived from thé first Prelude in

Book 1 of Bach's Well-Tempered Clavier, in which a sequence of such

suspensions appears in broken-chord form at the rate of change of
0=13 to 26, this range of tempi being far too slow for the perception
of an upbeat to a metrically accented dissonance as in Example 4/81lb.
Slow tempo apart, however} there seems to be a culturally conditioned
bias towards metrically accented suspensions, from which arises a
preference that is essential to the perception of initial upbeats in
cases like Example 4/82.

In Example 4/82, the use of a dual branch results from the after-
beat structure of the resolution and from the repeated upbeat. 1In the
following examples, dissonance andresolutionwill always be joined by
a structural grouping, but the appropriateness of this should not
always be taken as read. Firstly, examples will be given below in

which, through the degree of separation of attacks, duration contour
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seems a stronger characteristic.than the groupiﬁg,of the dissonance

with its resolution. Secondly, it is hard to find instances in which

the incorporation of both dissonaﬁce and resolution in a single
structural grouping is not justified or at leasé aided by some other
characteristic. Thus there are grounds for considering that the
characteristic should simply be marked 'd-r', with the understanding

that it tempers the effect. of any separation with thch it is incoﬁgruént,
without dissonance and resolu;ion necessarily‘belqnging to the same
structural grouping. This attitude has been adoptéd with pitch unity

and will be taken with harmonic rhythm below. By comparison with these

two characteristics, however, the association of the dissonance with

its resolution generally seems too strong for such marking to be a

satisfactory representation, as Example 4/82 amply illustrates: upbeat

repetition produces one phrase grouping and dissonance resolution

another, but both are heard together,

The relationship between dissonance resolution and duration -contour
in respect of phrase grouping is the most importaht aspect of the
characteristic for present purposes. Where aidéd by other characteristics,
the effect of dissonance resolution on phrase grouping is most pronounced,
with the resolution robbing duration contour of potential upbeats. 1In
Example 4/76, as already seen, articulation combines with dissonance
resolution to avoid the upbeat repetition shown in the alternative
structure of Examble 4/83, whoée:two elidea intefpretations are further
linked by pitch unity.  1In Examples 4/84 and 4/85, as in many other
cases,‘the incorporation of thé reSolution into an afterbeat structure
is aided by repetition; in Example 4/86, where the eight-bar phrase
is not followed by a point of repetition, it is aided by pitch separation.
Without such aid, the following of the point of resolution by an upbeat

structure is not assured, as is seen in Example 4/87a, where Mozart's
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slur over the final three quavers in bar‘4 seemsta deliberate separation
by.articulation, in comparison with the phrase elision that would
otherwise occur (Example 4/87b).

If what follows the resolution in a metrical unit is an elaboration
of the chord of resolution, it is unlikely,'because of harmonic unity,
to be an upbeat in the full sense or even an upbeat at all. Examples
4/76, 4/87a and 4/88 fall into the first of these categories because of
the articulated separation of the resolution from what follows. Without
such articulation, these examples would still haQe,upbeats, joined to
- the résolution by phrase elision, but only becausé an afterbeat structure
alone would be inappropriate to the voice leadiﬁg. ‘By contrast, in bar 8
of Example 4/89, with ‘a melodic contour that-fallé to the root of the
accompanying chord, an afterbeat structure is essential. Similar cases
of such extendéd’resoiution are given as Examples 4/90 to 4/93. 1In
such examples, any upbeat succeeding the note of résolution would be
quite inappropriate én harmonic and melodic grounds.

If the grouping of attacks by duration contour produces a relatively
large separation between the dissonance and its resolution, the latter's
appearance in a single strﬁctural grouping begins to be called into
question. Examples 4/84 and 4/85 show that a structural grouping
between dissonance and resolution is still appropriate where the
durations concerned are in the proportions 2:1. .Ih the accompaniment
of thése examples, however, durétion contour does not favour an upbeat
on the chord of resolution and the treble line follows suit. 1In
Example 4/94, where both melody and accompaniment coula be an upbeat
on the chord of resolution, the phrase grouping by duration contour
also has structural significance, but the afterbeat structure of

dissonance and resolution is not in doubt.
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When dissonance resolution occurs on a dotted-note figure, that
is, when the durations concerned are in the proportions 3:1 or more,
the upbeat grouping from duratiqn contour seems,aistinctly stronger
melodically than the afterbeat grouping of the dissonance and
resolution; yet the lattef is still essential harmonically. That
the incongruence is between melodic and harmonic understanding is
illustrated by Example 4/95, in whose first bar thé setting of a new
word favours the melodic upbeat, while in the second bar it favours
the harmonic afterbeat and gives rise to a following upbeat. In some
of the followihg examples, the compafative weakness.of the structural
grouping uniting dissonance and resolution‘will be shéwn by notating
the grouping with a broken line. |

Examples 4/96 to 4/98 show varying degrees Qf harmonic
independencé of the dissonance. A diminished seventh is normally
heard as a dissonance when it resolves on to a dominant seventh,
first inversion; but when the progression occufs in a dotted-note
figure (Example 4/96, baf 6), the independence of the:two chords 1is
morevpromiﬁent. The slur that joins dissopance-tq'resolution in
this example may be taken to indicatg legato sfring playing, rather
than a hiatus at the end of the bar. The same is no doubt.true of
" the slurs in Example 4/97, but here it is likely that articulation
aids the perception of an afterbeat structural grouping connecting
dissonance and resolution, since ﬁone of the four‘dissonahces involved
are suitably interpreted as independent fuhctional_chords, if heard
in their historical context.

That a historical point of view is requiréd to assess whether
a chord is likely to be understood as a harmonic entity in its own
- right was noted in the commentary on Example 4/77. While a notion of

harmonic independence may affect the grouping of dissonance and
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resolution in a dotted-note figure, it is still .the case that
durational separation in such stfuctures itself cdntribﬁtes towards
that indepenaence. It is by such a means that a chord is made to
stand 6n its own and, having done so sufficiently often, it becomes
familiar and meaningful in its own right. This précess of changing
attitude Eo~harmony nevertheless poses a problem for the analysis of
the present dotted-note figures by computef: the computer would,

at first, have to draw on an imperfect human assessment of the
independence of a chord, until it had made its own surQey.

If the grouping of the ninths in Example 4/97 with their resolution
is aided by articulation, the ninth in Example 4/98a is made to stand
on its own not only because if is repeated in the'uPbeat following
the dotted note, but because its resolution is qf‘the extended type‘
mentioned above and its precise note of resolution is thereby obscured.
The passage is clearly an elaboration of Example 4/98b,'alth§ugh a
computer might recognize the B} in bar 28 as forming thé first
available chord of resolution. This example deménstrates that in a
dotted-note figure (or equivalen;),'the harmonic uhity of én extended
resolupion is not strong enough to contradict the upbeat from duration
contour. In Example 4/99, the afterbeat grouping 6f the extended
resolution is aided by pitch sepération, but the durational upbeats:
neverthelegs add impetus to the upwards thfﬁst of the melodic sequehce.
In Example 4/100, the congruence of the durational gpbeat with
directional grouping makes.this structure equal.in importance to the
connection between dissonance and resolution. in Example 4/98, bar
29, and in Examples 4/99 and 4/100, the resolution has been marked at

the level which covers the whole of the extended fesolution, in an
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attempt to show the influence of a more basic structure within its
elaboration. The pitch of resolution to which this marking refers is
given at the bottom of the appropriate branch.

By contrast with the last three examples, the resolutions in
Example 4/101 are stronger than the following durational upbeat
because the independence of the latter is weakened by shared duration
closure; afterbeat structures alone seem appropriaté here. Consistent
with this observation is the fact that repeated dotted—notg figures
can present the clearest incongruence between melodic upbeats and
dissonance resolution. Such cases are almost inVariably oddities of
common-practice harmony and doubtless éontributed to its downfall by
giving prominence to the dissonance. A full structural grouping
between dissonance and resolutioh is not appropriaté:to these structures,
unless aided by some other characteristic such as pitch separation
(Example 4/99) or articulétion (Example 4/103). Otherwise, a
broken=line grouping seems the best éompromise, a% in Example 4/104.
A predominant phrase grouping ending on the dissonance in accordance
with duration contour is hard to deny in Examples 4/105, 4/106, and
4/107, and even harder to deny in Example 4/108.

A broken-line grouping betwéen dis sonance aﬁd‘resolution must
be considered esséntial when the resolufion is not only separéted by
relative duration, but is also of the 'displaced' type, in which the
pitch of resolution is not directly harmonized by its chord of
resolution. An ekample of such indirect resolution is the D in
Example 4/93. BAn example involVing durational separation is the B in
Example 4/109, which resolves the preceding C#, but whose chord of

resolution - I - has been replaced by chord VI.
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The degree of association between dissonance and resolution‘
is not only affected by the proportional separation of.attacks, but
also by tempo. It is clear that if the resolﬁtibn.does not last
sufficiently long in real time, its effect will ha;dly be registered.
It is not certain what the minimum regl timelength of a resolution
can be, but two examples from Chopin (Examples 4/110 and 4/111) rank
among the most extreme cases of dissonance and resqlutipn on repeated
dotted-note figures, because of their fast tempo. Although in both
examples the appoggiatura involved is the progression from major
seventh to octave, Example 4/110 ié the less extreme of the two
because the chord of resolution is constant throughout the sequence in
the right hand. Example 4/111‘is a séquence of diminished sevenths
in both hands and sounds far more like the sequence marked with a
broken line, with 'wroné notes' added, . than a sequence of appoggiaturas.

It is oné thing to descfibe the effect of dissonance resolution
on a rhythmic structure; quite another to identifyithe characteristic
in the first place. Not only is-it impoésible at present to éupply an
exhaustive list of its various forms, ﬁut scholarship still seems to
be divided on its basic approach to thé subject. . On the one hand,
there is Schoenberg's idea that dissonance is distinguished from
consonance by»a 'greater or lesser degreé of comprehensibility ... The
term emancipation of the dissonance refers to its comprehensibility,
which is considered equivalent:to the consonancé;s comprehensibility'?

Rufer notes that this process of emancipation

can be traced from the early days when the third still
counted as not a perfect consonant, to the "emancipated"
appearance of the diminished seventh in classical music

9. Arnold Schoenberg, 'Composition with twelve tones', in Style
and Idea (New York, 1951), quoted in Josef Rufer, Composition
with twelve notes, translated by Humphrey Searle (London,
1965), p.47.
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...and, further, to the free use of augmented triads

and even more acutely dissonant intervals andlghords

in the second half of the nineteenth century.

On the other hand, Komar, in his recent study of the suspension, refers

to relative dissonance in tonal music, but only by way of defining certain
intervals as 'absolutely consonant' and others as 'absolutely dissonant'.ll
In his list of absolute dissonances are intervals which belong to
functional chords that may stand on their own in common-practice harmony,
for example, sevenths in sequences of dominant or non-dominant sevenths.12
The following account is based on theoretical assumptions that are nowadays
well accepted, in particular‘the idea of thesteadYgrowth of harmonic
vocabulary throughout the common-practice period. The purpose is not to
presenf a definitive exposition of this growth of vocabulary, but merely

to illustrate the main types of chord progression that the computer would
have to be capable of recognizing to be able to perceive dissonance
resolution.

The description of dissonance resolution as a structural character-
istic has rested on the assumption that it is not normally necessary to
recognize any quality of 'dissonance'.ggg_gg, but only the relationship
between a dissonance and its resolution. Nearly all dissonance and
resolution has the quality described earlier: two adjacent chords
(simultaneities) are linked by at least one c amon pitch in the same
voice. A clearer connecticn between the chords is evident if the common
pitch is also a common duration creating a longer-note accompaniment or
is the tonic of the second chord. 1In a computer program by Patrick and
Strickler, the feature of a common pitch between a dissonant chord and
its associated consonance is used to recognize which line bears the

dissonant pitch: at the point of dissonance between any two lines, the

10. Rufer, op. cit., p.47.
11. Arthur J. Komar, Theory of Sugpensions (Princeton, 1971), p.28.
12. See, for example, Piston, op. cit., p.357.
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consonant line has a pitch in common with the immediately preceding and
succeeding consonances, or with the latter alone, provided that it is
not on a higher metrical level, or, failing both of these conditions,
with the former alone.13 These criteria are applied to both accented
and unaccented dissonances in the music of Josquin des Prez. However,
Patrick and Strickler's concern is not with the recognition of consonance
and dissonance as such, but with the identification of the appropriate
type of voice-leading surrounding the harmonic interval of the second,
fourth, or seVenth, and with processes of reduction which eliminate
these intervals.

Within the class of chord progressions containing a common pitch
in the same voice, much of the dissonance and resolution to be found in
tonal harmony can be perceived by reference to a hierarchy of. chord
categories, in which a higher-ranking chord functions as the resolution
of a preceding lower-ranking one that is metriéally accented. The
hierarchy is as follows: (1) root position and first-inversion triads;
(2) second-inversion triads; (3) dominant sevenths; (4) diminished triads,
diminished sevenths and their enharmonic equivalents; (5) non-dominant
{'diatonic') sevenths and augmented triads; (6) non-triads of three or
more pitch classes. Example 4/112 illustrates the various combinations
of chord categories that may be found. The hierarchy follows approximately
the order in which the chords concerned were emancipated ffom dissonant
status. It is key-independent and enharmonic equivalence ig assumed;
this is an advantage where the key is uncertain, but a limitation when
the perception of a particular resolution requires a given tonal context.

Although the 2 chord has been made the second category, lower-
ranking chords, with the exception of non-triads, do not seem to resolve

13. P. Howard Patrick and Karen Strickler, 'A Computer-Assisted Study

of Dissonance in the Masses of Josquin Desprez', Computers and
the Humanities, 12(1978), 341-364 (p.346).
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on to it, usually because it itself is so often an accented-dissonance.
Yet in Example 4/113, where it stands on its own and shares a common
pitch with the preceding diminished chord, there is still no marked sense
of dissonance and resolution. The resolution from diminished seventh
to root triad in Example 4/113 is an exception to the stipulation about
a common pitch, but is clearly appropriate to the hierarchy. However,
the independence of the diminished seventh must still be recognized for
harmonic rhythmic purposes (Example 4/114a). Similar in function are
metrically accented dominant sevenths and chords of the augmented sixth
which resolve on a weak beat, as does the dominant seventh in Example
4/114b.

Among the progressions not recognized by‘the hierarchy as
dissonances and resolutions are the suspensions and their succeeding
chords in the sequence of sevenths of Example 4/115a. The recognition
of suspended pitches in this example is not a problem; the case for
perceiving their resolutions as dissonances seems to rest not on
harmonic grounds, but on their sharing the same features as suspensions
which do resolve; The suspension itself is one of these features;
others are a longer-note accbmpaniment and the strong tendency for
dissonances to resolve down. Regarding the last of these features,
it has already been noted that in pitch patterning a drop in pitch
following the metrically accentea note is more readily recognized and
associated with dissonance resolution than a strictly harmonic
interpretation would suggest (Example 4/42). Similarly, while one
could regard Example 4/115a as employing indirect resolution through
its relationship to some supposed prototype such as Example 4/115b,

it is perhaps better to regard the first two suspensions in the



210

sequence as suspensions which do not resolve as dissonances in any
harmonic sense.

While a hierarchy of categories seems similar to Komar's approach,
mentipned above, no attempt has been made in the present hierarchy of
chords to follow the traditional path, as Komar does, of labelling
-certain harmonic intervals as 'dissoﬁant' with respect to certain
'consonant’' ones so that these intervals may be identified within
chords of more than two voices. Yet a table of such interval
progressions can easily be constructed (Example 4/116) which, with
its transpositions, will cover most of the dissonance resolution to
be found in two-part writing. Such a table could be used by the
computer in conjunction with the hierarchy of chords, both to see if
the chord progression contained at leastbone component interval
progression that complied with the table, since it might be suspect
as a dissonance and resolution if it did not, and to enable the computer
to build up its own knowledge of which of the table's interval
progressions correspond to which chord progressions.

However, the simple labelling of certain intervals as 'dissonant
is naive, since the same chromatic or diatonic interval can vary in
function as a dissonance or otherwise, according to the tonal context.
For this reason it is always helpful and sometimes essential to have
such a context. Example 4/117 shows several chords which appear to
be able to resolve on to each other, assuming enharmonic equivalence
where necessary. Without the given key, the second chord could be
taken to be the resolution, yet, for each progression, the tonal
context assigned to the opposite member of the pair is always a

possible solution. The case of the major third as a 'dissonance'
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might séem particularly unlikely had Brahms not furnished us with an
example‘of‘its sublime effect (Example 4/118). Indeed, this single
example endorses much of the present attitude to dissonance resolution:
the major third can hardly be described as 'dissonant' in itself;
without the subsequent D minor chord, the passage would simply be
interpreted as a move to the tonic major, which, briefly, it is; only
in the light of the D minor chord is the D major's Fﬁ:seen as a
chromatic note resolving on to a scale note and hence as an appoggiatura.
It is clear froﬁ Example 4/117 that the fullest range of dissonance
resolution and the least ambiguity in its perception depends on having
a definite key or other tonal context as a reference and some aspects
of the perception of tonality will fherefore be considered in

Section E of this chapter.
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C. STRUCTURALLY ACCENTED TONICS

This section concerns the capacity of certain melodic intervals
to define a tonic and considers the effect of such structurally
accented tonics on metre. Unfortunately, the existing use of the
term 'tonic accentuation' (see Section A above) p;ecludes the
assignation of this term to the structural accentuation of tonics and
it might be better if tﬁe former charactéristic were renamed to avoid
possible confusion.

Example 4/119 is scored correctly, in 12/8,la metrical multiple
which comes from repetition. .But this does not e#plain why there is
an initial quaver upbeat. If there were no structutal accentuation
of the second note, there migﬁt be no sgch upbeat énd the pitch unity
of the repeated As might establiéh an initial muitiﬁle 6f 3/8,
beginning on the first note. Although bass accentuétion generates . the
given metre, Ehere is clearly structural significance invthe fact
that the second'note is the tonic (markéd YY) énd.that it is defined
as such by the downward melodic interval of a fifth (seven semitones).
The repetition of this tonic establishes a multipié of 3/8. Similarly,
in Example 4/120, the upward melddic movement of é fourth defines the
second note as a tonic which forms a metrical connection with the
subsequent mfnim to prpduce a 3/4 multiple.

| In the absence of duration contour or a longer-note accombaniment,
examples such as these suggest the étructhral.accentuation of the
tonic as the likely explanation of the notated metre..'Yet while it is
common knowledge that a dominant to tonic érogression can be
characterized as 'weak' to 'strong', the strength bf the structurgl
accent on the tonic is considerably less than its tonal impor tance

would suggest. There is an obvious advantage to the communication of
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tonal structure in placing the tonic on the initialvdownbeat. But
while the structural accentuation of the tonic will reinforce such a
downbeat, it may not be strictly necessary to the perception of the
latter; Examples 4/121 to 4/123 would assert their first downbeats
through duration contour alone;

A closer look at the étructural accentuation of the tonic reveals
that it is weaker than the three main generators of metre ~ duration
contour, a longer-note accompaniment, and harmonic rhythm - and that
it usually owes its position on a downbeat to being congfuent with
whichever of these characteristics predominatés metrically. Thus in
Example 4/124, while the upward interval of the fourfh defines the
tonic, the metrical scheme is neverthelesé determiﬁed by duratiqn
contour. A longer-note accompaniment is stronger than the progression
to the tonic in Exémple 4/125; hammonic rhythm is stronger.than it in
Example;4/l26vand 4/127. In Example 4/128, the opening is metrically
ambiguous; but a downbeat on the tonic, althouéh congruent. with
dﬁration contour, is superseded retrospectiwely by harmonic rhythm and
the preference fof a metfical timelength of eight quavers instead of'
seven. (The latent tonic downbeat is, however,'realized in a later
variant of the theme in the relative major.) Example 4/65 illustrates
that the structural accentuation of the tonic is weaker than the 'moving
voice'! characteristic, while Exaﬁple 4/129 shows ﬁhat it is weaker than
pitch unity. |

With such incongruence defeating the metrical.pdtential of the
tonic, it is not surprising to find that the_downbeat tonics in
Examples 4/119 and 4/120 are congruent with the implied and actual
harmonic rhythm, respectively, of these examples. Similarly, in
Examples 4/130 and 4/131, the downbeat tonics are congruent with a

longer-note accompaniment. It might seem, then, that there is no
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such thing as the structural accentuation of the tonic; but Examples
4/132 and 4/133 clearly show that the tonic asserts a downbeat before
it is confirmed by harmonic rhythm. In Examples 4/134 and 4/135, the
upward movement of a fourth séemslthe main justification for a downbeat
on the tonic, where the tempo would normally be insufficient to
generate the upbeat shown. |

While the above examples have concentrated on the capacity of the
downﬁard mévement of a fifth or the upward movement of a fourth to
define a ténic, the upward movément of a semitone'has the same property,
though to a much lesser extent. The intervai-is‘too ﬁommon as a
chromatic»inflexion to permit a single tonal intefpretation; none of
its four appearances in the few notes of Example 4/136, for instance,
define the tonic of the passage..‘To argue that‘the interval always
defined a tonic would hot be inconsistent'wiﬁh tonal'practice_orv
theory, but all such tonics invqlving chromatic notes would be secondary‘
to the root of the prevaiiing chord or thé tonic of the scale. Thus the
value of perceiving upward moving semitoﬁes would be diminished by the
need for.tonal interpretation by other means and it certainly could not
be argued that each such semitone pfoduced a structural accent. Yet
the interval seems the only justification for the opening downbeat
in ?xample 42137, despite the highly chromatic nature of the passage.

The foufth, fifth, and semitonevemerge as tonic—defining
intervals through a tonal interpretation of the ﬁarmonic Series up to
the sixteenth harmonic, with the fundamental as the tonic. Such an
interpretation is essential to Rameau's long;aécépted théory of harmonic
inversion and to assume that the intervals of the Series can be tohally
interpreted melodically as well as harmonically implies no extension

of the accepted view, the only practical drawback being tonal ambiguity.
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An obvious melodic interval to consider as tonic-defining is the
major third, but its principal value in this respect is still harmonic:
in the analysis of harmonic rhythm, rather than as the generator of

structural accentuation.

D. HARMONIC RHYTHM

Harmonic rhythm, ﬁhe pattern of chord changes, is the strongest
structural characteristic in the generation of metre and has an
important effect on phrase groﬁping. The present use of the term v
differs slightly from the standard description given by Pistonl4 and
others. In the standard view, harmonic change éives rise to a pattern
of durations which, as Pistoh notgs, may be 'unlike any one of the
melodic rhythm patterns'. LaRue splits harmonic rhythm into 'chqrd
rhythm', 'key rhythm', 'progréssion rhythm' (of sequences), and
'modulatory rhythm' (6f swift modulations), each cépéble of generating
its distinctive duration string.15 Harmonic rhythﬁ is indeed
compounded of structural timelengths which are analagous to durations;
yet they are clearly not durations, although their propértions often
pefmit them to function in a ﬁanner akin to duration contour.

For present purposes, it is more important to ‘stress the unifying
function of harmonic rhythm in grouping‘within eéch of its struétural
timelengths pitches that might otherwise,be.regarded as unconnected or
simply as a sequence.of chords (simultaneities) charging with each new
attack, unless linked by pitch unity. Such a concept can be termed
'harmonic unity', although it is in fact included in‘the standard view

of harmonic rhythm, since the latter must presume such grouping to

14. Walter Piston, 'Harmonic Rhythm', in Willi Apel et al, Harvard
Dictionary of Music, second edition (london, 1970), pp.362-370;
Harmony, revised Mark DeVoto (London, 1978), pp.199-211.

15. Jan LaRue, Guidelines for Style Analysis (New York, 1970),
pp.48-49.
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account for the pattern of timelengths it reveals. Yet Piston refers

to the static harmony of the Prelude to Das Rheingold as having a

'complete absence of harmonic rhythm',16 which suggests that the term

'harmonic uniﬁy' may be useful after all.

The unity of harmonic rhythm can be an extension of pitch unity
(Example 4/6). It can arise from tonal harmony: pitches are
associated with each other though not simultaneous (Example 4/138a

and b) or certain chords have precedence over others (Example 4/13917

).
Thirdly, it can be the result of a pedal (Example 4/140),.in which
case it often matches a longer-note accompaniment.

Harmonic rhythm has the strongest influence of all characteristics
on the generation of metre, although its timelengths are not necessarily
metrical timelengths. In Example 4/141 a metre is determined by
duration contour and phrase grouping by upbeat repetition; yet in
Example 4/141b the metre is determined by harmonic fhythm. Although
the relative influence on metre of harmonic rhythm and duration contour
seems inconsistent in these examples, the first metrical level in
each is established by duration contour in its capaéity as a pattern of
Fimelengths, whereas its influence on the second level is only in
providing a distinction between equal (metrical) timelengths, an
influence which is weaker than an actual patterh of timelengths created
by harmonic rhythm as in Example 4/141b,.

Example 4/142a confirms that, like pitch unity in Example 4/142b,
harmonic rhythm is weaker metrically than a pattern of timelengths from
duration, while Example 4/142c shbws this weékness to be a flexibility
that allows the characteristic to underscore any metre so created:
once the start of the first bar is established, harmonic rhythm alone
could continue the metre at this level, its potential_metrical.grouping

16. Piston, Harmony, op. cit., p.205.
17. Quoted in Piston, Harmony, op. cit., p.200..
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of pairs of bars, beginning at bar 2, being preéludéd by
insufficient tempo. Conversely, Example 4/143 gonfirms that the
timelengths of harmonic rhythm are stronger metrically than a
distinction between the first duration values of equal metrical
timelengths.

The subordination oflharmonic rhythm to duration'may be
qualified further: in Exampie 4/144, the metrical accent falls on
the first of the two G major chords not simply because of their
harmonic unity, but because it follows a harmoﬁic_change; with the
D major chords removed, the dowhbeat would fall on the root G major
chord. In Example 4/145, the dotted-minim Cf in baf 1 might first
be heard as bearing a ﬁetrical accent as shown in the tree—diagram,
but this accent would be repositioned following tﬁe third‘beat of
bar 2, when harmonic unity and regular'metre»pﬁoved stronger than
duration cpntouf. The relevance of the initial prospective downbeat is
seen by condénsing bars 2 and 3 into 6/8. Furtheﬁ examples which
involve regularity of metre and incongruence.betwéen duration contour
and harmonic rhythm are Example 4/146,.in which duratién'contourvis
metrically weaker than the other two-aspects, analﬁxample'4/l47, in
which the irreqularity of harmonic rhythm's structural timelengths
is Wéaker than a regular inte;pretation favburing duration contour,

Although it is clear_that'harmonic rhythm_pfovides the simplest
explanation of metre in the absence of duratioﬁél differentiation,

for example in the first and second preludes froﬁ_Book'l of The Well-

Tempered Clavier and in creating a 3+4 subdivision in Example 4/148,
the real strength of the characteristic as a generator of metre comes
through its relationship with a longer-note accompaniment, especially
one in the bass. Included with the 1onger—note'characteristic as

part of this relationship are adjacent notes linked by pitch unity
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and similarly linked notes occurring on adjacent metrical accents

on the same level, as in trills and tremolo. Trillsvstarting on the
upper note are also relevant, so the above provision may be.widened
to include pitch unified resolutions and excludé their corrésponding
metrically accented dissonéndes. These provisiqns not only include
pedals, but might also apply to Alberti basses and arpeggios, although
those are better gseen as expansions of fémiliai chords. Yet the
distinction between trills, tremolo, Alberti basses, arpeggios, and
other configurations of pitches as pitch sequenées'and as chordal
variants is slender and varies with historical standpoint and tempo:
the opening of Brahms' Intermeizo Op. 119, No.vl (Example 3/202) invites
interp;etation as a series of arpeggios, though novel ones for their
time; the cascading chromatic passage over the tonic chord at the

end of Chopin's B minor sonata must surely be perceptible as harmonyﬂ
foreshadowing a practice common in post-war twentieth century music |
and amenable, perhaps, only to a probabilistic form of analysis.

The relationship between harmonic rhythm, a longer-note
accompaniment and the bass is as follows. If the longer-note
accompaniment is in the bass(it is in an almost unésséilable position
metrically, unless subject to.implied regular subdivision (Example
3/54) or a pre-established multiple (Example 4/149). It is either
congruent with harmonic rhythm, as in Exampie}4/156a, or provides a
higher-level harmonic rhythm in the fqrm df a pedal (Example 4/150b) .
It is stronger than incongruént dgration contour (Example 4/150c).
although some dynamic accentuation on the incongruent duration can
favour a metrical accent on it (Example 4/150d with accent and ties).
However, as already seen, if the bass accompaniment consists of separate

durations unified only by pitch, an incongruent duration contour is
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stronger metrically (Examéle 4/150d4 without accent and ties), except
when dissonance resolution is involved (Example 4/151).

If a longer-note accompanimeﬁt is not in the bass, it loseé its
harmonic unity and is metrically weaker than harmonic rhythm when
incongruent with it, as in Example 4/152. A more common struéture is
for these two characteristics to be stronger than an incongruentAbass,
as in Example 4/153. The rests in this example are structural, the
first through the position of the metrical accent, the others through
repetition. If the separate pitch-unified bass notes in Example 4/153
are merged into single notes, however, the metricél interpretation is
affected by the duration contour of the attack string and the notes of
the treble line are heard as harmonic anticipations (Example 4/154).

But for considerations of regularity and duratioﬁ, it is normal for
the first of two overlapping durations to bear the metrical accent (aé
in Examples 4/150e and 4/153), unless incongrueﬁt with harmonic rhythm
(Examples 4/155 and 4/156).

In phrase grouping, a timelength from harmonic rﬁythm may substitute
for the single duration of a longer-note accompaniment in providing
closure (see the end of Exaﬁple 4/149). bpmpart from this, the effect of
harmonic rhythm on phrase grouping is largely a matter of the e#tent to
whiqh harmonic¢ unity can counteract the separation of groﬁpings put
forward by duration coﬁtour, when the tw§ characfeiistics are incongruent.
This question is in the same category as that aiready considered in respect
of pitch unity,repeated pitch patterns, and dissonance resolution: in a
pitch or harmonic sense, the phrase grouping put forward by durational
grouping may be less coherent than thét suggested'by the other character-
istic or, at the other extreme and in a dﬁrational sense, the latter may

so violate the sense of duration closure that it is unlikely to
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predominate against the incongruent duration phrase.

s with pitch unity in Examples 4/43 and 4/44, it is normal for
the pitch associations of harmohic unity to be heard, even where
duration contour provides the predomiﬁant phrase érouping, and to
temper the relative degree of separation of the latter. The two
senses of pitch grouping, by harmoﬂic unity and duration contour,
are illustrated by the squareibrackets and phrase'groupings,
respectively, in Exaﬁple 4/157. In this example, the twé inter-~
pretations are relevant even without durational differentiation, because
the grouping by duration contour is congruent with grouping by pitch
proximity.

Since the timelengths of harmonic rhythm tend to be congiuent
with metrical timelengths, such an example doeé not so much demonstraté
a discrepancy between harmonic rhythm and durational phrase grouping |
as illustrate the distinction between a structural (br metrical) unit
and a phrase grouping. Although harmonic rhythm reinforces our awafe—
ness of the formervat the_expense ofvthe latter, the two coexist
on di fferent levéls. A metrical conhectionvdoes not simply create
an association between two metrically"accented éitches, but, in
defining a metrical.unit, focuses attentién on it aé a potential
pitch or har@onic entiﬁy. Whether the metrical unit is in fact a
harﬁonic unit or is subdivided by an internal harmonic rhythm or,
more fundamentally, by phrase separatioh on the lievel of the metrical
connection, is a separate matter.: IfAit is a harmonic unit; however,
it is not normal for it to turn duration upbeats into afterbeats .

Bar 2 of Example 4/158a‘'is a case in which harmonic rhyﬁhm does
alter the predominant phrase grouping as put forwérd by duration

contour. Although there is harmonic unity in the repeated chord of



220

the accompaniment, the upbeat belongs, by implication, to the
dominant chord. This would not be sufficient to affect the phrase
grouping if the bar were the first in some hypothetical context
(Example 4/158b). But the second half of bar 2 is the last branch

of a four-grouping, already anticipated on the next level by the
metrical timelength from duration contour. A phrase grouping, or at
least a structural timelength, of three minim beats would have been
acceptable if the fourth beat had been the dominant chord. As it is,
however, the fact that the metrically accented note on the fourth beat
is harmonically associated with the third allows it to become detached
from the durational upbeat and would do so even if it were a quaver or
semiquaver. (In Rossini's scoring, this phrasing is aided by the
entry of the clarinet.)

By contrast, in the second bar of Example 4/159, harmonic rhythm
creates an upbeat in the melody, where duration closure alone would
not do so. Although the phrase grouping of the accompaniment produces
the same phrase grouping in the melody, the melodic upbeat in bar 2
would still exist if the accompaniment's upbeat were replaced by a
rest. The effect of harmonic rhythm on the melody's duration string
is similar to that of upbeat repetition: what remains after the loss
of the upbeat is viable as a duration phrase. If it were not, it
would be necessary to indicate harmonic closure with an asterisk on
the crotchet's level alone, in the manner of Example 4/160 below.

Example 4/159 leads to the question of harmonic elaboration.

The duration strings in the fourth bars of Examples 4/120, 4/160,and
4/161 share to some extent in the duration closure of their longer-
note accompaniments; as melodies they do not have overall upbeat

status because of their triadic associations with these accompaniments.
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A single foreground tree-diagram may not easily show the effect of
such associations on phrase grouping; the placing of an asterisk on
the appropriate level, but without lower-level separation, is a
compromise to indicate simultaneous phrase ending and continuation.

The congruence of harmonic rhythm with downbeat repetition
weakens the phrase separation put forward by duration contour if it
is of the.type covered by Séparation Rule 5, in Which a distinction
is made between the duration values specified by the branches of equal
metrical timelengths. Both downbeat repetition and harmonic rhythm
strengthen our awareness of metrical units and, in the case of the
former, there is.a tendency to favour the cdngruence of metre with
phrase grouping,.if possible. Thus, the phrase gfouping from
duration contour may be weakened to the point of structural ambiguity,
as in Examples 4/162 and 4/163.

In such circumstances, even relatively weak chafacteristics can
decide the predoﬁinant phrase gréuping. In Example 4/161, pitch
proximity would tilt the balahce towards an upbeat if the quavers
formed an ascending scale from the tonic instead of a descending one
to it. Similarly in Example 4/85, there ié more pitch separation and
consequently more awareness of pitch grouping after the second bar
than after the first. By contrast, the harmonic link between the
dominant and the tonic chords in Examples 4/164 and 4/165 is étronger
than the potential upbeat from duration cdntoﬁr.. The pitch unity
in Example 4/165 and the arpeggiation in Examplé 4/164 ensure éhat, as
harmonic elaborations, the melodies.of the potential upbeats cannot
be dissociated from the phrase grouping of theif accompaniments.

Where the durational grouping is produced by the separation of
attacks,_however, harmonic rhythm alone does not create afterbeats,

even before a point of downbeat repetition. The upbeats in the
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second bars of Example 4/118 and Example 4/166 are weakened both by
the following repetition and by their harmonic relationship with the
preceding note; yet they are upbeats nevertheless. But if harmonic
rhythm weakens such an upbeat, it does at least give the pitches of
the upbeat some identity as part of a harmonic elaboration and a
strengthened structural unit. Upbeats similarly weékened by a point
of downbeat repetition but which are not connected harmonically to
the previous phrase grouping are almost lost both to phrase grouping
and harmonic analysis, yet as passing notes they may be far.from
inessential (Example 4/167).

Examples 4/168a and 4/168b.show that upbeats produced by the
separation of attacks can be overturnéd: in both examples, harmonic
rhythm is in conjunction with pitch repetition and pitch unity and
strengthens the afterbeat interpretation that they could be considered
to put forward on their own. The interpretétion generated by duration
contour is é subsidiary one in both examples, but more so in
Example 4/168b, since its repetition is less éxaét, being by inversion.

Another aspect of harmonic rhythm and phrase grouping concerns
the perception of structural rests and ties;’ Thése‘are more likely to
be perceived if a musicai line is heard from the harmonic than the
melodic point of view. Where an attack'intérval extends from one
harmonic unit into the'nekt, the sounded noéelength may-or may nhot
also do so. Where it does not, the change of harmony, fromvthe
harmonic viewpoint, normally produces a structurél rest.l Where it
does, also from the harmonic viewpoint, 'if it is a syncopation, then
it will be split into two notes joined by a tie. For the purposes
of durational phrase grouping, it will be treated as two notes,

unless it is a harmonic anticipation.
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It is aléo possible, however, for a line to.be heard from the
melodic point of view, but in relation to the underlying harmony
rather than purely independently. From this viewpoint, structural
rests are .less common, unless aided by repetition (Example 4/169) or
pitch separation (Example 4/170), in which case their effect on the
phrase grouping is stronger than that of duration contour. A
structural rest does not seem appropriate when a line displayé
dissonance and resolution, even if the dissonance is technically not
sounded, as in Example 4/17la which may be coméared with the harmonic
viewpoint of Example 4/171b.

' The present concept éf harmonic rhythm is nbt necessarily based
solely on tonal harmony, especiaily since it is*ciosely related to a
longer—notevaécompaniment and particularly one in the baés. But
while the unity of tonal harmony should present rélatively.few problems
in computer analysis, since its bésis in the tfiad and related chords
is well known, an equivalent basis for harmonic unity in extended.
tonality and atonality is not so self-evident. . One likely parallel
between the analysis of tonal harmony and twéntieth—century harmony
stems from.the fact that thebperception of harmonic rhythm is largely
an act of reductional analysis: there seems no reason why reduction
should apply to tonal music alone. On the éther hand, a systematic
study of the reductional techniques suitable to derive a harmonic
rh?thm for atonal harmony would be beyond the scope of the present
work .

Piston has shown that, even in tonal harmony,. the perception of
the triad is not the sole criterion for determining harmonic rhythm:
an extended form of harmonic rhythm can come from tﬁe distinction

between triads themselves.18 In his two examples, the oscillation

18. Piston, Harmony, op. cit., pp.208-209,
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between chords I and V gives rigse to a harmonic unity based on
whichever of the chords is consistently metrically accented on the
higher level. It is thus dependent on a rhythmic characteristic,
rather than a distinction in importance between triads. Similarly,
in Example 4/172, the pitch unity of the neighbour-note figures
predominates over the‘normal supremacy of the triad to the non-triad.
Again, in Example 4/173, there is separate harmonic unity in bar 95
and in bar 96 on the level below that which connects them as
dissonance and resolution.

In most Western music, however, it is clear that the unity of
harmonic rhythm is mainly derived from the recognition of thirds,
triads, and other functional chords within a harmonically elaborated
texture. For the computer, such recognition should follow the
rhythmic structure as closely as possible, to the extenf that that
structure can be determined by other characteristics. This is not
a case of begging the question, of assuming the prior existence of a
rhythmic structure which, it is then arqued, is generated by harmonic
rhythm, but of utilizing some aspects of that structure to aid the
perception of others and thereby to generate the whole, The fact
that we ourselves tend to perceive whole objects instantaneously is
not an argument against the existence of sepérate perceptual preferences,
since these will simply be in operation simultaneously, whereas
computer processing is traditionally sequential.

The close correspondence between the perception of harmonic rhythm
and the harmonic reduction of the foreground was mentioned above and may
be illustrated by deriving a simple procedure for the latter. The
essential difference between the two is that, in harmonic reduction, a
single duration is substituted for each structural timelength of harmonic

rhythm and the different harmonies of the structural unit are replaced
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by the representative harmonic-rhythmic chord. The tree-~diagram of a
harmonic reduction is derived by pruning the original tree: the branches
which bear the structural timelengths of harmonic rhythm are preserved,
while the branches subtended from them are discarded. Since such a
diagram largely consists of all but the lowest levels of the original
foreground structure, it may be regarded as an aspect of that structure
and therefore relevant to the present study. A full-scale investigation
of reduction would, however, involve issues that are both highly
controversial and fall outside the present terms of reference: the
relevance and relationship of extensive reduction to the foreground
structure; how to differentiate among triads and to what extent it is
valid to do so; and problems of melodic reduction, particularly the
differing claims of voice-leading and the original pitch register and
function.

The derivation of a single harmonically reduced tree-~diagram for
two or more passages equivalent in harmonic rhythm reveals at least
the minimal extent of the similarity between their foreground rhythmic
structures. An instance of two such passages is the example quoted by
Schachter from Bach's Musical Offering, to which reference was made in
Chapter 1 (p.31 and Example 1 /). The harmonic¢ reduction of these
passages is given as Example 4/173.1. At each stage of reduction,
(a) pitches belonging to the prevailing harmony of their immediate
metrical unit are contracted into a single chord and placed at the
head of the unit, which bears only one branch, passing notes being
eliminated; (b) dissonances are shifted into the structural unit of
the preceding harmony and appear as notional passing notes, notated
as unstemmed black notes. Operation {(a) can be split into two stages,
the deletion of passing notes preceding harmonic contraction. In

Example 4/173.1, this has been done twice in the first-stage reduction
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of the Variation, to highlight its similarity to the Theme. Since there
is no harmonization of the Theme, its reduction is in accordance with the
harmonic unity contained within it. Differentiation between functionél
chords has been kept to a minimum:  those with pitches chromatic to the
scale are treated as quasi-dissonances (c¢.f. Example 4/118); other chords
are ranked as in the table of Example 4/112, with the additional proviso
that a first inversion has a lesser status than a root triad.

Example 4/173.1 shows that Schachter's observation that the two
melodies have different rhythmic contours zsee p.31) refers to duration
rather than rhythmic structure in the present sense. The similarity
between the melodies and structures is made clearer by the Variation's
first-stage reduction. Bar 6 of the original is treated as an upbeat
before reduction, because of the preceding duration closure; with the
alteration of duration values in the reductions, it defaults to an
ordinary afterbeat. In the second-stage reduction of the Variation
and the reduction of the Theme, the two sets of material become
virtually identical. Their metrical structure appears, at first sight,
to be different from that of the original Variation, if not of the Theme,
if one assumes that each phrase grouping of the original is, by default,
perceived with a weak metrical accent on its first branch. 1In fact,
the higher-level harmonic'rhythm highlighted by reduction provides a
strong enough reason for a new two-bar ﬁetrical level in the original
(level a), which supersedes the defauit metre and is compatible with the
original phrase grouping.

It would be mistaken, however, to imagine that the above form of
harmonic reduction necessarily highlights a higher-level harmonic rhythm
in the foreground rhythmic structure. In selecting pitches and choxds
considered tonally superior, it may involve shifting them from weak

rhythmic positions they have held in the foreground structure. Yet
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pitches also gain prominence from rhythmic strength. While the
perception of harmonic rhythm maintains and strengthens the relative
importance of its representative chord, even though another chord in
the same metrical unit may occupy a greater proportion of the unit
or be in a metrically stronger position, Examples 4/110 and 4/111
have shown that an accented dissonance'may be rhythmically prominent
enough to weaken the perception of the following chord as a resolution
and, consequently, as the representative harmonic-rhythmic chord.
Likewise, when chords are in a weak rhythmic position in the
foreground structure and their tonal superiority is less marked than
that between relative consonances and dissonances (see Example 4/112)
- occurring, for example, from a tonal distinction between triads -
any harmonic rhythm generated by such chords is relatively weak.
At remote stages of reduction, such a harmonic rhythm may become
highlighted to such a point that it is a distortion of its prominence

in the original music and its relevance is in doubt.
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E. RHYTHMIC STRUCTURE AND TONALITY

Ideally, this section should consider the influence of tonality
on rhythmic structure, especially that on the large scale, on which
it can have a strong influence. But this presupposes that the nature
of tonality is itself understood with suffi;ient éxplicitnéss to be
modelled on the computer. While several computer progréms have
analyzed diatonic harmony%sﬁﬁe concept of tonality clearly extends
beyond the textbook definition of the diatonic key system, however
useful the latter may be. A single theory is required that will
unify what are intuitiwely classified under such teims as modality,
diatonicism, bitonality, and polytonality; probably even atonality
as well. For the present work to pursue such a tﬁeory in detail would
take it well outside its brief in scope and scale. However, some
aspects of the identification of tonics, that are relevant.to the
perception of thythmic structure, will be put fdrward in this section.

The reliance on intuition in traditional theory is well
illustrated by the description of harmonic cadence as a matter of
various types of chord progressions: perfect, imperfect, plagal, and
interrupted. Not only is the identi fication of the tonic within whose
scale these progressions may be numbered left to intuition, but, more
seriouély for present purposes, so is identification of the rhythmic
contexts within which each of these progressions forms a cadence.

It is an elementary observation that not evefy'I-V or Vv-I, for
instance, is cadential.

The various means of separating phrase groupings, in particular
the criteria for duration closure, establish many different rhythmic
contexts in which harmonic progressions may subsequently be described

and through which they may form a higher level of differentiation, as

18.1 See, for example, Jackson (1967), Longuet-Higgins and Steedman (1971},
Longuet-Higgins (1976), Holtzman (1977); publication details in-
bibliography.
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was noted in the case of repetition. The phrase ending on a
dissonance in Example 4/174 illustrates that suéh'éontexts may exist
quite independently of harmonic content and it is but a small step
from this observation to the contention that they may shape the
peréeption of tonal structure,.

But without the clear punctuation of phrase groupings by the
structural characteristics described in the presgng work, the
perception of a cadence depends ¢n the recognition.of certain harmonic
progressions as Qell as on an evaluation of'the need for a cadence
at the point concerned. The second criterion is hérd to define, although
it presumably increases with the length of a phrase. Yet this alone
does not explain why, for exampie, in the C#fminor fugue from Book 1

of The Well-Tempered Clavier, the E major cadence at bar 35 is more

important than the G:|:‘f minor cadence at bar 22. It is not a point of
duration closure, whereas the latter is; significance must instead be
attached to iﬁs being in the relative major, being predicted by the
preceding dominant pedal, and being followed bybnew thematic material.

Obsérvationé of this type will be crucial to the modelling of
tonal structure on the computer. The grading of triads in reiati&e
importance within a partiéular piece is of the essence of the Schenker
technigue of tedudtion; such a tonal hierarchy is-increasingly
important as the preddminancé of phrase grouping diminishes. 1In the
above-mentioned fugue, for instance, the retﬁrn of the subject in the
tonic at bar 73 establishes a high point of the structure Eowards which
the preceding modulations can be related, but it does hot mark a
particularly prominent phrase ending.

Within the key system, in which any triad can stand in a fonal
relationship to any other, especially indirectly through secondary

tonics, few triadic progressions are bound together as strongly as
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that from the dominant to the tonic and its equivalent progressions
with the same root movement. Whether the strength of this association
derives purely from the Harmonic Series or whether it comes from
continual assertion in tonal practice is not clear, but it is certainly
strong enough to act like a dissonance and resolution in phrase
grouping, in contradiction to duration contour (Example 4/175), and
to influence the elision of phrases (Example 4/176).

Before a point of downbeat repetition, many triadic progressions
can counteract an upbeat put forward by duration contour, in the manner
of Example 4/175 (see also the Ff major triad in Example 2/44). Those
triads that cannot do so are associated with each other significantly less
than the second of them is associated with the chord of the following
downbeat. Like the éssociation between dominant and tonic, such aséociations
are context free; unlike the dominant and tonic, they are mostly learnt
associations derived from past harmonic practice and are the product of
an intuitive probability analysis on the part of the listener. in

Example 4/177a, the B major triad is less likely to be grouped with

the D major first inversion chord than the latter is to be grouped P

with the following E major dominant seventh. Example 4/177b confirms
that the same associations affect phrase grouping in opposition to the
principles of duration closure.

To catalogue every possible pair of triadic progressions, so that
individual intuitive decisions on phrase grouping could be made, would
be a laborious exercise of limited value, since the strength of the
associations would have been excluded and it is a knowledge of this
strength that is required to assess the effect of harmonic association
on phrase grouping in the many different rhythmic contexts put forward
by other characteristics. An alternative is to calculate the

probabilities of association by a study of harmonic practice, using
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the compﬁter. Such a study cannot be limited Simply to sequences of
harmonies ir;espective of their metrical position and phrase grouping.
It is evident that the increased separation of attacks lowers the
degree of association between triads, just as it aoes between dissonance
and reﬁolution. Thé phrase groubing in Example 4/175 would be markedly
less appropriate if the durations concerned were in the proportions
3:1 or more. Tempo is not insignifiéant, either: a raising of tempo
increases the dissociation of two chords when the second of these has
a lesser duration value than ﬁhé first; fhis Qas_also noted in respect
of diséonance resolution (Examples 4/110 and 4/111).

The proposed calculation of harmonic aséociations, though

-affected by rhythmic structure created by other characteristics, would

have to be subject to subsequent adjuétment. For example, each time
duration contour grouped together two chords that with hindsight were
understood to be associated only weakly, because of the harmonic
association between other chords, the dontribution:éf the original
observation to the statisticsvand probabilities‘wouid have to be
adjuéted according to hindsight. On a large scale, this migh£ affect
the strength of the harmonic associations and further adjustments
might be required until equilibrium was obtained.

If such é learning process, originating iﬁ‘a partial undefstanding
of rhythﬁic étructure,-can affect the association of triads, it is not
unreasonable to suppose that partial rhythmic structure can similarly
affect the perception of tonality; Iﬁ tonal music, the chords of a
harmonic progression normally form a sequence of_roots (each a tonic),
culminating in the final chord of each phrase grouping. Since it is
this final chord that is customarily identified with each type of

cadence, the phrase structure may be seen as defining that chord's
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root as the overall tonic of the phrase, in one sense. Such
cadential tonics are necessary to the interpretation of passages which
cannot be described within the scale system, such as Examp les 4/178
and 4/179. 1In these examples, a twelve-tone deécription has been
used, with zero representing the tonic. This practice avoids the
often clumsy attempts to label chords as members of a scale to which
they do not really belong.

The notion of a cadential tonic misses two important aspects of
the tonal interpretation of a harmonic progression. One is that the
tonal interpretation of the fifth and the fourth isas primordial
{because of the Harmonic Series) as any tonal interpretation deriving
from rhythmic structure. The other is that while one focal point of
any progression is the point of arrival, the other is the point of
departure. In most music of the common practice period, a tonic
asserted at the beginning of the piece is as important a point of
reference as that of the final chord, which it will usually match.

The tonic of departure guides our expectations through the remotest
modulations in anticipation of its final return. Furthermore, we do
not need to wait until the last chord to make a tonal interpretation
ofvthe whole piece.

Example 4/90 illustrates the value of the initial tonic in unifying
the diversity of tonal structures that a cadential interpretation alone
would generate. In the case of an imperfect cadence such as this (bar 8), a
'modal' interpretation based on a cadential tonic can seem particularly
superfluous in comparison with that determined by the initial tonic;
yet the cadential interpretation is a subsidiary structure that
cannot be dismissed so lightly. The opening of Barber's Adagio for
Strings consists of an overall progression from an Ej minor to an

F major triad (Example 4/180) and a cadential tonal interpretation is
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in accordance with the final triad of the piece.‘ Aside from any
argument - about the true key of the piece, if the'-first.chord were a B)
minor triad, diatonic theory would :_i.nteipret this openihg as being in

B) minor, ending on an imperfect cadence. The cadential interéretation,
though clearly subsidiary in the B} minor variant, does at léast
establish the common ground between »the variant and the original;
whereas in traditional nomenclature, not a si'ngle: chord of the variant
would be tonally iﬁterpreted as in the original, whéther the latter
were placed 1n E} minor, G} major, or‘ F major. -

Two further examples illustrate the funétion 6f cadential tonics.
In the first (Example 4/181), there need be no dispute bver the notated
key of A major and the function of G¥ in identifyiné the correct scale.
Because of its opening phrase gioupingé, honever,: tfle passage has a
distinct feel qf b-major with a chromatic G#;‘if fhis note is reélacedv
- with é Gl], the passage is correctly iﬁ D m'ajor ending on an imperfect
cadence of the dominant key, A. f‘x_:om the vievkpoint of a vsub‘sidiary
cadential tonic on this E major chord, the original and varia.nt are
tonally identical, but for the-distinctionvbetweén G#‘and Gh; from the
traditional viewpoints of A major and D major the;}_ are entirely
di fferent.

The.second example (Example 4/182) is a pun on WEétern habits of
perceiving keys, designed to give an 'oriental' feel. The Bhl suggests
the subsequent A minor in the same wéy that the Gﬁ’ .in the Brahms
example suggests A major, but thé subsequen£ cadgnce'is on the dominant
seventh of F. It is _fuf:ile to argue whether the péssage up to the
repéat is really in F or in A minor: the. final cadence is unequivocally
in F. Although the dominant seventh has anvidentifiable root, its
‘ value as a cadential tonic is conSiderably léss than that of a triad,
unless it is not heard to resolve. When a phras‘e ehds on a diésonance

or a tonally ambiguous chord such as the diminished seventh, the bias
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of tonal interpretation is clearly in favour of the'phfase's tonic

of departqre (see Example 4/174), This is consistent with the case
of the imperfect cadence, since the dominant's relationship with

the tonic is one of a quasi-dissonance, as was nétéd,in Example 4/175.

The tonic of departure can be defined in the first instance as
the root of the chord specified by the first braﬁéh on the highest
level of a phrase grouping. It seems likely thét-this downbeat tonic
will only be superseded by a tonic from thé preceding upbeat if that
tonic (a) is a fifth below it, or (b) is the Ebnic of a Key unambig-
uously identified by its scale, or (é) matches a cadential tonic.
Conditions (a).and (b) may also cause the downbeét tonic to be
super seded by the root of a following chord on the same or a lower
level. Neither the tonic of departure nor the cadéntial tonic can
lay indispﬁﬁable ciaim to being the overail ;onic of a.phrase grouping.
The tonic of departure is weaker thah a cadential tonic and its tonal
interprétation predominates oniy when it is the mor e familiar of the
two. Yet with heither tonic can one disregard the associations of
scale and kéy and the capacity of the fourth and fifth to generate a
tonic at some level of the tonal.hierarchy.

The ultimate method of tonal analysis may well be‘comparative:
interpretations could be based on each of the most likely tonics and
that with the most familiar set of tonal'reiationéhips would predominate,
unless incongruent with the tonic 6f departure ornfhe cadential: tonic,
whose claims would have to be given probability values in their own
right. = Though not based on computed probabilitiés, the probabilistic
approach to harmonic analysis has been incorporated in a computef
program by Winograd, who assigns 'plausibility'values' to the Qarious

. 1 .
tonal interpretations of chord progressions. 9 For an overall tonic,

19, Terry Winograd, 'Linguistics and the Computei Analysis of
Tonal Harmony', Journal of Music Theory, 12(1968), 2-49 (p.25).
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the program uses that of the final cadence and parses backwards from
there.

The statistical analysis of the familiarity of tonal relationships
would be co-ordinated with that of harmonic association, proposed above,
since a tonal relationship is merely a particular kind of association
and one with an identified tonic. As with harmonic association, the
origina; analysis would have to be adjusted with hindsight, which in
this case would affect passages whose 'correct' tonal interpretation
was not derived from the cadential tonic, the tonic of departure, or
the Harmonic Series.

The above argument has been put forward from a viewpoint that
differs significantly in one respect from traditional tonal analysis.
While such analysis is often hierarchical, acknowledging local secondary
tonics for modulatory passages or chromatic notes, the general aim is
to provide a tonal interpretation at the highest possible level. The
present viewpoint is more closely related to rhythmic structure: a
phrase grouping is an entity in its own right as well as being part of
the whole and it is necessary to be able to express its tonal relation-
ships independently of the whole before the structure can be compared
with similar passages in other pieces. This is all the more important
since the grounds for similarity are often harmonic. However many
individual tonal relationships may be embedded within a passage and
whether they are expressed in diatonic or chromatic scale steps, it
is desirable to have a common setting for them all. The lack of such
a setting is the principal fault in the differences of harmonic
description between Examples 4/180 and 4/181 and their hypothetical
variants.

The solution to this problem may lie in some form of tonal 'map',

based on the Harmonic Series and showing different areas of flatness
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and sharpness. The origin of such a map lies in Schoenberg's concept
of harmonic regions,20 but more important for present purposes is the
two-dimensional table put forward by Longuet—Higgins (Example 4/183).2l
This shows a succession of Perfect Fifths on the horizontal axis and
major thirds on the vertical axis. These two intérvals'are the first-
to be generated by the Harmonic Series, other than by inversion, that
produce new pitch-classes after that of the Fundamental. They are
placed on different axes because they are acoustically distinct, the
major third produced by Pythagorean Euning in pPerfect Fifths being
different by a comma (81:80) from the pure third (5:4).

Acogsticaliy, then, Longuet-Higgins' table is an expression of
just intonation and can be extended indefinitely in either dimension,
although Fokker, who derives ihe same two—dimensional relationship
between fifths and thirds, closes it within a 31l-note scalé, which he
considefs sufficient to represent just intonation in pgrformance.22
Tonal relationships do not depend on accuracy of tuning, however, but
on the peroeption of tonics. ' If this were not so, the compromise of
equal temperament woulo fail to communicate tonal structure.

The importance of a tonal'map is that it enables configurations
of pitches to have a tonal identity, through théir‘proximity in the
tonal 'space' that is common to all scalés and modes; without
neceSsarily-oeing ideotified wiﬁh one overall toqic. Such an identity
finds expression in the assignment of.accidentéls and Longuet-Higgins

has employed his map in a computer program that performs this task

20. Arnold Schoenberg, Structural Functions of Harmony (London,
1954), Chapter 3.

21, H.C. Longuet-Higgins, 'Letter to a musical friend' and 'Second
letter to a musical friend', The Music Review, 23(1962),
244-8, 271-80.

22, Adrian D. Fokker, New Music with 31 Notes, translated by Leigh
Gerdine (Dusseldorf, 1974), pp.35-39.
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with a high rate of success, working with a twelve-tone melodic input
from an electronic keyboard.23 The link between this input and the
tonal map is the map's twelve-tone equivalent (Example 4/184). To
identify the toniq of the initial key, Longuet-Higgins requires a
further criterion: ‘'the tonic may be determined from the first two
notes and . . . will be either the first note itself or the note a
fifth below it'.24 The index td Barlow and Morgeﬁstern's thematic
dictionary,25 in which all entries are transposed into C major or
minor, affords a statistical evaluation of how effective this rule might
be.

An alternative, tﬁough not fundamentally different, view of tonal
space may be derived from the interlocking of major énd minor triads,
as in Example 4/185. Such a diagram was implicit in Rameau's description

of the key system as founded on a succession of major triads a fifth

apart, the dominant and subdominant triads being closest to the central

tonic triad (Example 4/186).26 The major triad, generally held to be

the basis of Western tonal harmony, .though not of -all tonality, is
represénted in the Harmonic Series by the ratios 4:5:6. Iﬁtérpreting the
Fundamental as a tonig, bothithe major third and the fifth point to a
tonic on the multiple of the Fundamental (Example 4/187). 1In Example
4/185, the ihterpretation of the minor ﬁriad as the product of two

major ones, each having the ratios 4:5:6, is acoustically correct: its
majof third points to a subsidiary tonic on its middle note, while the

fifth between its lowest and highest notes is Perfect and points to

23. H.C. Longuet-Higgins, 'Perception of melodies', Nature, 263(1976),
646~653. See also H.C. Longuet-Higgins and M.J. Steedman,
'On Interpreting Bach', Machine Intelligence, 6(1971), 221-239.

24. H.C. Longuet-Higgins, 'Perception', op. cit., p.650.

25, Harold Barlow and Sam Morgenstern, A chtlonary of Musical Themes
(London, 1949), pp.527- 644

26. Jean-Philippe Rameau, Generatlon Harmonlque (paris, 1737),
Chapter 3, quoted in Matthew Shirlaw, The Theory of Harmony
(London, 1917), p.200.
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its bass note as the overall root of the chord (Example-4/187).

It is possible that this latent bitonality is the cause of the supposed
imperfection of the minor triad relative to the major and the reason
why music in the minor mode tends to seek the relative major, whereas
the reverse tendency is less common. kThese tonal interpretations of
the major and minor triads may be considered as an integral aspect

of the sequence of interlocking triads.

In Example 4/185, there are two letters for each pitch-class, one
capital and oﬁe lower~case. The distinction between them corresponds
to that between, for example, the two Ds in Loﬁguet—Higgins' table.
Although they are treated as enharmonically equivalent in music, they
. represent different parts of the tonal spectrum, as the sequence of
triads shows. Our tonal conception of the D in a Bj major triad is
different'to that in a D major triad because that concéption is linked
to the triad in each case. .The well-known diagram of the cycle of |
fifths sometimes also employs two letters for each pitch-class, when
shown inconjunctionwith an equivalent cycle of'keys.in the relative
minbr.27 But neither the single-dimension sequéhce of triads nor a
cyclic diagram shbws pitch as distinct from pitch-class. If the
membérs of the triadic seqﬁencé are numbered in pqsitive and negative
integers, with C as the arbitrary centre of the tonal system and
numbered zero, and if the upbef—case and lower-case pitch letters ére
placed in a two-dimensional diagram, of which this number sequence of
'tonal values' forms one axis and the twelve-tone scale another, the
result is the tonal and pitch map of Example 4/188. 1In £his’exémple,
the enharmonically equivélent pitches are linked'by verticalvlines,

since they are, in effect, the same pitches.

27. See, for example, Piston, Harmony, op. cit., p.9.
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The proposed tonal map clearly shows the reiationship between the
scale system and its triadicorigins. The méjor scale is a zig-zag
pattern‘embracing those pitches whose tonal values lie closest to the
tonic of the key and the natural scale of the felative minor follows
the same pattern. Although visual prominence has_been given to the
enharmonic connections in Example 4/188, a computer representation of
the map would incorporate not only these links but.also those of the
original sequence of triads, which form the left-to-right diagonals.
The tonal links of the fifth, fourth, and major third could also be
incorporated, unless included in a subroutine for the tonal inter-
pretation of pitches that had already been placed on the map.

While each pitch of the fwelve—tone scale ﬁaS’four or more possible
tonai valueé, its most likely value is identified by the narrowest
possible clustering of tonal values in a given ?itch set, harmonic
intervals having priority over melodic ones. Tﬁus, in thelscale of
B minor, B-A§-B would not be interpreted as B—Bb—B,.because the latter
involves a shift in tonal vaiue of -7, whereas in the former the shiff
is only +3. It is common in traditional harmony for a note to change
‘tonal function with a change in harmony, as in‘Example 4/189, but
this merely reflects the enharmonic equivalence between the 'major'
(upﬁer—case) and 'minor' (lower-case) versions of the same musical
letter-name, just as a change in letter-name (betwéen, say, G# and Ap)
may signal a change in tonal function within the second generation of
enharmonic equivalence embodied in the twelve—téné scale.

The tonal values themselves are not of equivalent status, since
they are the product of both major and minor thirds. There is noA
suggestion that a progression from C major to E minor is half-way

towards G major. The values are better seen as separate sets of even
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and odd numbers, representing the tonics of major.énd minor keys,
respectively. The relationship between tonal value and key signature
is easily deduced.

It is anticipated that the tonal map will aid the perception of
dissonance resolution and harmonic rhythm. Just as our learnt
associations are stimulated by musical input and aid its interpretation,.
so the tonal values generated by é particular pitch set may e;cite pre-
established tonal links in the map, somewhat in the manner of the game
noughts and crosses. For instance, the map.prediCts the resolution of
the chord C-B-G on one of the triads C-e-G, C—E—a,.c-EL—g, or é—f—AL.
Whichever resolution OCcﬁrs causes a retroactive interpretation of the
original chord: if it is a major triad, the'minor.tonal values tend
to be forgotﬁen; if a minor triad, the major values‘recede.in‘importanoe.
The 'dissonant' chord aléne is nbt devoid of tonal interpretation: it
is seen to be associétedAwith tonics on C and F,Cand if the influence
of the bass is included, the chord's tonic can be idéntified és C.

In the perception of harmonic rhythm, triadic associations function
in the same way as above. In Example 4/i38b, fo; insténce, even
without metrical analysis, the D minor triad is the first to emerge in
the first six pitches; in the second éix, A major-is suggested before
D minor. In the same éxample, the recognition of thirds suggests an
intermediate stage of reduction (Example 4/190), preceding that of the
predominant triad alone.

Bs stated earlier, one of the chief functions of a tonal map is to
provide tonal identity when there is ambigﬁity over the predominant
overall tonic. It is possible, then,.that~the proposed map may have
some relevance for the analysis of extended tonality and atonality, but
it is evident that the relationships highlighted_in the map are

progressively undexrmined in music from at least the mid-nineteenth
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century onwards. Firstly, the ends of the tonal épectrdm are joined

by enharmonic equivalence and there is a greater willingness to cross

the boundary between the flat and sharp sides. Secondly, the rate of
transition between radically different tonal vﬁlﬁes is radically increased.
Thirdly, more and more tonally ambiguous harmonies are employed. Such
changes reflect the demise of triadic tonality and.do not mean that the

map should not be used with the music concerned.
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CHAPTER FIVE

OTHER ASPECTS OF THE SCORE AND THEIR EFFECT ON RHYTHMIC STRUCTURE

Being derived from the score, the structural characteristics of
duration and pitch that have been put forward in Chapters 3 and 4 cannot
reasonably be divorced from the other aspects of the score which can affect
the cognition of rhythmic structure. These are timbre, the notated aspects
of performance - dynamics, articulation, and tempo - and the notated metre
and phrasing. Phrasing slurs either are editorial, in which case they are
better avoided, or match the phrase structure that can be communicated
without them, or indicate articulation. Timbral distinction has been
judged to lie outside the scope of the éresent enquiry (see p.52). This
final chapter will therefore consider thé notated aspects of performance

and the relationship between the predicted and the notated metre.

A. NOTATED ASPECTS OF PERFORMANCE

This section will examine the effect of notated dynamics, .
articulation, and tempo‘én rhythmic structure. That is not to say that
the way the performer interprets the score in these three domains, in
addition to what is notated, does not affect the listener's understanding
of the musical message. For’example, it can be inappropriate for a |
passage to be played legato,~eveﬁtthough staccato marks or rests are not
notated; dynamic accentuatidn of a cross-rhythm (see Example 1/5) may be
suitable if the metre is assured by>an accompaniment, and less so if not;
agogic accents (tenuto) may aid pitch separation and importapt melody
notes that might otherwise be obscured; a decrease in tempo often precedes
the shared note of two elided‘phrases and the last note of a piece. Means
of interpretation such as‘these, though part of the rhythmic structure

communicated to the listener, must nevertheless remain outside the scope
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of the present enquiry, because they are subjective inferences from the

score. Riemann's idea (in Dynamik und Agogik) that musical notation

implies a single dynamic and agogic interpretation is as misleading as
it is well-intentioned. The variability of interpretation makes
‘performance an art and ensures a continuing debate among performers,
an involvement in which would detract from the present purpose. The
analysis of music as performed is, in any case, not yet sufficiently
far advanced to foster objective discussion.l

The prominence of dynamic accentuation (or 'stress') is
self-evident, but its existence and strength often must be inferred
from the metrical structure given in the score. .In Example 5/la, as
the durational proportions inciease, so the minimum'dynamic
accentuation necessary to produce the given metre must be progressively
stronger. The notated metre in Example 5/1b implies that dﬁration
contour is predominant and that the’relative‘dynamic accentuation
(between each pair of short and long notes) falls short of this minimum. .
There is also a class of examples in which fhe correct metre depends on
infefring dynamic accentuation from the posiﬁion of the bérlines:
Examples 5/2 to 5/4 are shown with the structures that would otherwise
result; in each case these alternative structures are determined by
duration contour, supported by tonic accentuation and harmonic rhythm
in Example 5/2, the structural accentuation of the tonic in Example
5/3, and pitch unity in Example 5/4.

The existence of suéh examples would seem to make the barlines
essential input to a computer program for the percep;?on of rhythmic

structure; they are, in any case, useful in aiding the correct encoding

1. See, for example, Martin Piszczalski and Bernard A. Galler,
‘Computer Analysis and Transcription of Performed Music: A Project
Report', Computers and the Humanities, 13(1979), 195-206.
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of the data and the ease of access to it. But the barlines cannot simply
be assumed to imply a dynamic accent whenevér the predominant structural
characteristic or set of characteristics does not generate the notated
metre. In modern editions of early music, the barlines will be éditorial,
but even in music of the 'commohepractice' period they may reflect the
fact that regular barlines are the noxm, rather than indicate‘the
predominant metre of a passage. Oné instance of this was Example 2/6;
a second example is Example 5/5, whose dynamic accents, emphasized by
the longer-note accompaniment, sﬁrqngly suggest the repeated pattern of
three bars of 2/4 followed by two of 3/4. The notated metre would
require strong dynamic accentuation‘at_the beginning of bar 2 and the
omission of the second accent ih bar 1. Similarly, in Example 5/6,
the dynamic accents in bars 4, 9, 14,'and 19 suggest a pattern of two
bars of 2/4 followed by two of 3/4, the metrical scheme taught by
Schnabel.2

Clearly, the composer's metrical structure of beats and bars
cannot always be taken»at face value. To assume that it necessarily
implied dynamic accentuation would be to make all metrical accents on
the one level dynamically equal in performance, a uniformity that would
override the subtle differences in their relative strength that have
been examined in the last two chapters, The inference.of dynamic
accentuation in Examples 5/2 to 5/4 comes, first, from noting a
discrepancy between the notated metre and the predicted one, then from
deciding that the composér‘s choice is the correct one and that it can
prevail only through dynamics.. While a computer could usefully refei

such discrepancies to the researcher, the decision to infer dynamic

2. Konrad Wolff, Schnabel's Intetpretation of Piano Music, second
edition (London, 1979), p.94.
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accentuation is too problematic to be left to a machine. It is not
always certain that the composer's intentioné can be communicated by
dynamics or that it is appropriate to attempt to do so. This wider
question of the relationship between the notated and the predicﬁéd
metre is the subject of Chapter 5, Section B, and will involve examining
further examples of such discrepancies.

The prominence of dynamic accentuation is such that, even in an

off-beat position, its structural timelengths and corresponding

- structural units may be important subsidiary structures. Both Cooper

and Meyer3 and Yeston4 have drawn attention to such structural

timelengths at the beginning of the Danses des Adolescentes in

The Rite of Springv(Example 5/7), although Cooper and Meyer erroneously

believe them to undermine the duple metre pre-established by pitch

. pattern repetition. In the‘tree—diagrém notation, such structural

timelengths are best illustrated by a second diagram. Since dynamic
accentuation is not a form of sepafation} its effect on phrase
grouping is léss marked than its effect as a sfructural accent.
Cooper and Meyer have shown that a repeéted off-beat dynamic accent
can be perceived as an upbeat;5 suqh an upbeat must not be an essential
point of duration clesure, asiwas discussed in relation to Examples 4/54
to 4/56.

| Crescendo and diminuendo are clearly .important aspects of rhythmic

L3

contour, or 'motion!', but. the present study is limited to distinct,

rather than gradual, forms of differentiation. However, it is not

normally necessary £for the high and low points of a dynamic curve to be

3. Grosvenor W. Cooper and Leonard@ B. Meyer, The Rhythmic Structure
of Music (Chicago, 1960), pp.98-9.

4. Maury Yeston, The Stratification of Musical Rhythm (New Haven and
London, 1976), p.44. »

5. Cooper and Meyer, op. cit., p.26, Example 29.
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printed in the score with precision for the rhythmic structure they
represent to be explicit, unless they.run counter to the metrical
structure and phrase grouping that can be deduced by other means. Thus
Yeston is mistaken in thinking that in Example 5/8 the crescendé»and
diminuendé do not creafe an exact point of division;6 the high point of

the dynamic curve is interpreted in relation to the existing metre and

"forms a metrical connection between bars 17 and 21. Similarly, those

of Riemann's dynamic contours that do not simpiy match the phrase
grouping generated by duration contour create the phrasing they
indicate (see Example 2/50).

Articulation (accofding to the present usage) is concerned with

differences in sounded notelength (that is, relative legato and staccato)

and in the quality of attack. Except on kéyboard instruments, the harp,
aﬁd most percussion,ka note joined to the previous one by a slur and
legato has a diminished attack; structural timelengths of_articﬁlation
are thus formed from one note of definite attack to the next. When off
the beat, these structural timeiengths have a powerful influence on
phrase grouping,.creating phrase boundaries before their structural
accents. Where they coincide with metrical accents, it is debatable
whether they turn metrical groupings that are not phrases into weak
phrase groupings, although they do strengthen them at the expense of
the relative degree of separation of any upbeat.(Example 5/9). Whether
musically appropriate or not, it is possible to add rhythmic interest
by exotic articulated timelengths, such as Paganini's articulation in

a passage from Beethoven's Violin Concerto (Example 5/10).

6. Yeston, op. cit., p.45.
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A second form of articulation is that differences in sounded
notelength may produce structural accentuation, as in Exampie 5/10.1,
in which the tenuto marks indicate optional agogic accents, . agogic
accentuation clearly being of the same type of differentiation.
Included in this type of articulation is slurred grouping on keyboard
and percussive instruments, which is achieved by making the last note_of
the grouping non legato with the subsequent note. Such grouping is
stronger than the first t&pe of articulation, since it can produce phrase
grouping when its structural accents coincide with»metrical accents.
However, unless the groups are small (two or three noﬁes), such slurs
are usually wrongly interpreted in this way,’being influenced by bowing
marks and employed merely to indicate legato. It is 'a convention of
ﬁotation that when dynamic accents and slurs appear togethei, they
represent this second form of articulation, with the slur indicating
articulated grouping whether on.or off.the beat (Example 5/10.2).7

Despite its capacity £o be perceived when placed‘aimost anywhere,
articulated grouping is, in general, decorative and does not cancel
structurally important éhrase grouping. vof the many varied instances
of articulated grouping given by Cooper and Meyer,8 their Examples
38, 70, and 71 (Examples 5/11 to 5/13) show tﬁat articulated grouping
is stronger than duration contour. 1In Example 5/11, however, the
duration closure is not obliterated by the articulated upbeat and is
shown as a subsidiary structure. Thus it appears that articulated
grouping is stronger than duration contour in a manner similar to
upbeat repetition, in that it does not override essential duration

closure. In Example 5/12, the closure on the crotchets is not essential,

7. See, for example, Cooper and Meyer, op. cit., p.2l, Examples 20 and 21.
8. Cooper and Meyer, op. cit., pp.15-54.
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since the articulated phrase grouping is a duration phrése of the
'ambiguous' closed trochee type. Likewise, in Example A/59a’
although the duration string grouped by articulation is the same
as in Example 5/11, the proportions within the bar are radically
different and the issue is one of separating a relatively weak upbeat
from its duration of closure as opposed to turning a strong duration
of closure into a very weak upbeat, as in Example 5/11; the subsidiary
structure is correspondingly weaker than in Example 5/11. In Example
5/13, no phrase grouping ends on the first crotchet, because the
articulated grouping is aided by repetition. In Example 5/14, on
the other hand, duration closure generates a phrase ending which is
then extended, but not supersedea, by articulation.

Example 5/14 is an instance of Keller's phrase-end concealment
(see p.77). His own example involves a slur placed over the second half
of bar four of Mozart's Sonata in B} ,K.333,III (see Example 4/87); as
wiﬁh duration closure, such artiéulation does not cancel the phrase
groﬁping generated by dissonance resolution. Likewise, articulated
grouping does not efface upbeat repetition. It appears, then, that
other phrase groupings can coexist with articulated grouping. This
opinion is shared by Lerdahl and Jackendoff,9 but their example of
incongruence between durational grouping and articulation (Example 5/15)
reveals the need to take metre into account: if the first two notes are
an upbeat (top diagram), the duration closure on the minim is minimal and
the separation following that note is diminished by the slur; if the
higher-level grouping begins on the first note, however (bottom diagram),

the durational structure is more prevalent than the articulated one.

9. Ray Jackendoff and Fred Lerdahl, 'Generative Music Theory and its
Relation to Psychology', Journal of Music Theory, 25/1 (1981),
45-90(p.64) .
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Metrically, the structural accents of articulation are weak: they

appear to be stronger than those of pitch patterning (Example 5/16a),

but the latter is normally affected by implied harmonic rhythm, against
which articulation is undoubtedly weaker (Example 5/12). While Lerdahl
and Jackendoff also note the predominance of articulation over pitch
pattern repetition, they believe that the former overrides the grouping
of the lattér.lo In Example 5/16b, however, without articulation, two
pitch patterns coexist (top two brackéts); éither of these can be heard
as a subsidiary structure when articulation is édded (third bracket) .
Unlike dynamics and articulation, tempo isvth a structural
characteristic in the normal sense, but several aspects of its effect
on rhythmic structure havé already been observed. Tt has been seen that
tempo may influence the balahce of forces among the structural
characteristics in a passage by helping or, if slow, hindering the
connection of structural and metrical accents and the awareness of
structural and metrical timelengths. Similarly in phrase grouping, the
associationvof two adjacent notes has been shown to be affected by their
proximity in real time as well as by proportional duration. Thus,
through tempo, the awareneés of a structural timelength created by

repetition was found to be strong enough in Example 3/78b for the

. timelength to be preceded by an upbeat (see p.1l1l5), but not in Example

3/118a (p.157). In Examples 3/72 and 4/142, with equivalent structural
timelengths created by harmonic rhythm, tempo was likewise insufficient
to make the. first bar an upbeat (pp.l1l17 and 215-6). In Example 3/178,
however, an upbeat was consideréd valid, the proportions of the
harmonic rhythmic timelengths being sufficient to outweigh the

slowness of tempo (pp.163-4). The effect of tempo on upbeats has also

been discussed in Chapter 3, Section A (pp.l115-8).

10. ibid.,p.70.
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In phrase grouping, where the proportional division of a
metrical unit at the highest level produces a strong sense of
separation (for example, the proportions 3:1), such separation can be
surpassed by another characteristic - duration closure in the
accompaniment (Example 3/215), dissonance resolution (Exémples 4/95-4/97)
or its counterpart, harmonic association (p.228), and articulation
(second type) ~ but not if the tempo is too fast (see especially
Examples 4/110 and 4/111). Correspondingly, the weaker the durational
separation, the faster the tempo required to maintain the separation
in opposition to such characteristics.

The effect of tempo on the relative strengths of characteristics
is complicated by the relationéhip between tempo and hierarchical level.
The diminishing awareness of stfuctural timelengths at progressively
higher levels, whigh was seen to heighten the conscious awareness of
their unsounded subdivisioﬁs in Example 3/55 (p.l1l2), parallels that
produced by a decrease iﬁ tempo. Both reflect the fact that the.mind
most easily focﬁses on a sméll band 6f two or three metrical levels,
at a given tempd. The phrase groupings at these leveis predominate
over those of smaller dimensions. According to Sachs, a tempo range
of about MM6O to 80, that is, a steady walking pace or the speed'of

a normal heartbeat, has provided a reference pulse, or 'tempo giusto',

throughout the history of Western music.ll This band of tempibclosely
corresponds to that put forward in Chapter 3 as the borderline range
between default downbeat and upbeét structures (pp.l116-7). The two
notions are not inconsistent, since raising the tempo above this bénd
focuses attention on the level above that of the prospective upbeat and

~gives greater prominence to the lower-level structural accent(s) on

11. Curt Sachs, Rhythm and Tempo (Londecn, 1953), pp.202-3.
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which the main beat of the upbeatvstructure comeslto be perceived
in preference to the default downbeat position.

‘Tempo is not the only criterion of metrical focus, however.
A slow beat may not be divisible (Example 3/72); repetition may emphasize
units smaller than those of the predeminant phraselength; taking harmonic
rhythm into account may cause shorter or.lcnger units to predoﬁinate
than otherwise; conversely, if a phrase is repeated with two or more
notes for évery former one, the music seems faster, though tempo and
harmonic rhythm remain. constant (see also Examplev3/3). Thus the
relative importance of phrase groupings cannot be determined solely
by finding the metrical level closest £§ MM6O - 80, but must take
into account the number of lower levels and £he strengths of all
the characteristics present,vespécially in relation to those which

form metrical cennections on the tempo giusto level. Such an

evaluation cannot be undertaken within the terms of the present
enquiry, as it would demand a more precise quantification of
relative strength than has been attempted here. As has been seen,
these relative strengths are partly dependent on the tempo of the
passage.

Because of insufficient knowledge, not only of the relétive
strengths of characteristics, but also of our petception of time, it
is likely that the best assessment of tﬁe central hierarchical level

is the intuitive one given by the time signature, qualified, if

appropriate, by Sach's concept. of tempo giusto, harmenic rhythm, or
repetition. The smallest unit of our experience of time has not been

agreed upon and possibly may vary according to the different processes
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it evokes,12 a notion which is in accordance with that of musical speed
being dependent on the rate of change as well as metronomic tempo;
Since music unfolds in time, our experience of changing musical events
is as much an experience of time és time is a factor in our expe?ience
of music. But it is clear that in music no.fixed»'time—window'
represents the percepﬁual 'now', since processing takes place on
several levels simultaneously and involves both retrospective
connections spanning many minutes and the anticipation and fulfilment
or otherwise of future events. Thus the Gestaltist notioh of whole and
instant perception cannot apply to musical structure, bu£ only to events
that are simultaneous or'very‘close in time, in other words to timbre,

chords, and some arpeggiated harmony.

B. THEORETICALLY PREDICTED METRE AND THE SCORE

The relationship between the metricai structure generated by the
fecognition of structural characteristics and the metxe‘indicated in
the score is an important test of the predictive value of the present
theory, since it can normally be assuméd that the composer's notation
matches musical intuition. In scores where barlines'either are not
present or seem to contradict intuition, howevér, this relationship is
of considerable importance to the analytical or musical interpretation
of the rhythmic structure. Provided that it does not itself contradict
intuition, the theory has much to reveal about metre in such music.

The question of the correct metre in music which predates the
use of barlines is largely avoided editerially when the mensural

divisions are indicated by vertical lines placed between the staves.

12. See, for example, Natasha Spender, 'Psychology of Music', in
The New Grove Dictionary of Music and Musicians, 20vols(London, 1980),
Xv,388-421 (pp.407-8).
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As an editorial problem, this question hag been discussed by Houghton13
and lies outside the scope of the present enquiry. Where editorial
barlines are given, however, the metrical interpretations of a piece
can differ widely and two examples of Renalissance music will be |
considered below, to show hew the present_theofy provides a rational
basis for evaluating the different metrical.iﬁﬁerpretations sugéested
by intuition in such music. The first example is the chanson 'Bon
jour mon coeur' by Lassus. The tree diagram.of Examéle 5/17 refers to
the top line of the piece relative to the overall rhythmic texture.
Duration phtases have been separated by both dotted-line and broken-line
beams, the former emphasizZing the separation between phrase groupings
and the latter the continuity of grouping reflectediin any implied
structural gréuping on the next level.

The metrical.structure of the diagram differs in several>places
from the editorial barlines (HAM No.l45§)14 and from the alternative
metrical interpretation by Grout (Examplé 5/18).15 The initial upbeat
is justified by the tonic accentuation and pitch unity of the second
and third chords and by the stress pattern of the text. fhe pitch
unity establishes a semibreve multiple (8), whose'automatic
continuance has been judged to predominate against thé 3/4 cross-rhythm
put forward by duration contour. The latter is partially congruent
with the metrical accentuation in the HAM edition, while Grout's
interpretation matches the metrical timelengths that may be derived

from the longer-note accompaniment. 1In all of these interpretations,

13. Edward Houghton, 'Rhythm and Meter in 15th-Century Polyphony',

Journal of Music Theory, 18(1974), 190-212.
14, Historical Anthology of Music, edited by Archibald T. Davison and

Willi Apel, 2 vols, I (Cambridge, Massachusetts and London, 1946). p.159.
15. Donald Jay Grout, A History of Western Music (London, 1962), p.222.
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an overall duration phrase is established at the end of bar 5 by the
point of repetition and is st?engthened by a conventional cadential
formula. Bars 6 to 10 are an exact repetition of bars 1 to 5.

In bars 11 and 12, repetition has been considered stronger than
the semibreve multiple, whose maintenance would require strong dynamic
accentuation on the syllable 'tou'. With the multiple upset, the néxt
three metrical accents on this level (bars 13 and 14) are determined by
duration contour and form irregular metrical timelengths in the pattern
4:6:4. The resulting duration phrase, including the initial timelength 2
in bar 13, is of length 16, which suggests a possible binary subdivision
(see the broken-line structural grouping). However, the articulation of
this duration phrase is incompatible with the text; conversely, the lack
of its articulation aids the éontinuity of the musical sense up to the
end of the next-level duration phrase (on '-mour'). Articulated
separation after '-se' (bar 13) would turn the timelengths 6 and‘4 into
an upbeat, further limiting the effect of the duration closure on 'mes’
(bar 14).

The following three duration phrases (bars 17 to 19, 20 to 22, and
23 to 25) are alike in structure and durational content. Each is a
ternary phrase grouping containing a binary one that is separatéd by
articulation, a structure for which the dual branch has been employed in
preference to a broken-line beam. There seems little doubt that a
semibreve multiple is prevalent throughout these phrases and that it
produces syncopation at the beginning of bar 26, in the form of an
unsounded metrical accent. Bars 26 and 27 do not challenge this
pre-established multiple with any strong metrical structure of their

own and it continues throughout the final four-bar phrase.
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The present theory does not reveal any higher level of organization
than that shown in the tree-diagram. Intuitively, the contrast in bar 1l
groups the initial ten bars, and the three similar phrases maykalso be
grouped together. The last two dnration phrases (bars 26 to 31)‘are
connected by a dominant to tonic progression and by textual anticipation.
But even without thé recognition of such further grouping, no adjacent
phrases are ever entirely independent: their juxtaposition ensures at
least a minimal association between them. This factor has significance
for the tonal interpretation of the present chanson. Although the
individual cadential tonics are normally thevpredominant tonél centres
for their respective phrase groupings, the piece's triadic sequence as
a whole is not simply a concatenation of independenf tonalities, but
can also be seen as a single 'journey' within tonal space, in which the
overall tonic at anyvgiven moment is the root of the»current'triad.

The analysis of 'Bon jour mon coeur' has shown that the present
. theory may be used to evaiuate different poésible metrical interpretations.
In this example, however, as in much Renaissance music, the metrical
preferences are weak and in such cases the choice of the mbst likely
structure does.not necessarily lead to the outright rejection of all
alternatives. 1In both structural ambiguities and weak preferences, the

unce;tainty is an important factor in making the rhythm interesting,

and outstanding cross~rhythms, in particular, cannot be dismissed
simply because the metre they suggest does not predominate.

A second example of metrical evaluation involving weak preferences
concerns the opening of the madrigal 'Quando lieta sperai' by Roxe, three
interpretations of which (by Schering, Sachs, and Gombosi) are quoted by

Houghton (Example 5/19).16 Schering's edition follows the alla breve

le. Houghton, op. cit.
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of the mensuration. Comparison of Sach's interpretation with the full
score (Example 5/20) reveals no grounds for an initial 3/4 metrical unit:
some positive reason would be reQuired to avoid the automatic continuance
of the opening minim timelength as a multiple, and the single-voice pitch
unity of the Es can hardly be stronger than the alternative doﬁble-voice
pitch unity of the D minor thirds, especially since the latter are
congruent with the minim multiple. As a cross rhythm generated by
duration contour, 3/4 is the correct metre for Sach's sixth bar, but, as
an overall interpretation, it would result in the metrically more
important bass voice having the patternl}cjl, which is resisted by

that voice's own duration contour.

The 3/4 of Gombosi's interpretation (3/2 in Example 5/20) is only

minimally different from alla breve. Both presuppose the minim multiple.

If the phrase grouping after four minims is given akbinary subdivision
by implication, such an implied metrical connection is weak. Alternatively,
it is possible that the tempo establishes sufficient momentum to create a
structural grouping between the relatively long durations, and thus a
metrical timelength of 6 (©°), but it does so only marginally; this
metrical connection, then, is also weak, although it is aided by the
repetitive entry of the alto voice. Gombosi's bar of 6/8 is equivalent
to Sach's 3/4 and may be cfiticized for the same reasons. The potential
3/2 multiple does not, hdwever, last far beyond the entry of the bass
voice. Because of the longer-note accompaniment in the bass, specifically
the semibreves in bars 7 and 9, the multipls must give way by bar 10;
whether the necessary 4/2 metrical unit occurs imﬁediately after the
cadence in bar 5 or immediately before the cadence in bar 10 is aﬁbiguous.
However finely the discrimination among characteristics may be
determined, there will always be examples thaﬁ are inconsistent with the

present theory, if only because the composer's wishes are at odds with
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preferences that give 'correct' results in other examples. If the given
metre is clearly the composer's intention, the performer's task is to
consider how best to communicate it to the listener. This can often be
achieved by dynamic accentuation, as noted in Section A above, bﬁt the
barlines do not necessarily imply dynamic accents, even though moét
pérformers will use dynamics to aid the differentiation among notes,
including metrically accented ones. Moreover, dynamic accentuation
inferred from the barlines cannot (even with added articulation) be
guaranteed to generate any desired metre in opposition to the prevailing
characteristics. Even 1f it can do_so, the amount of accentuation required
may contradict the dynamic markings in the score. If tied notes or rests
are notated at the beginning of the bar in all parts, no intended metrical
accent that contradicts the prevailing characteristics will be heard.
While scores containing perceptually unlikely metrical
interpretatibns are comparatively rare, several examples are worthy of
mention. One of the most famous is the unacknowledged switch from 6/8
#0 3/4 in the last movement of Schumann's Piano Concerto. A well—eétablished
multiple caﬁnot survive indefinite incongruence with other characteristics,
unless sustained conscibusly.and deliberately, which Schumann's
interpretation would require. Example 5/21 shows. both the‘strength and
the limitation of an established multiple. Brahms successfully places
dynamic accentuation, articulation, and bass-accented pitch patterning
against the established beat, but only temporarily; by the end of the
passage these characteristics are providing the predominant metre and
an extra semiquaver is heard (in bar 29). Yet it is hard to say that
Brahms' scoring is wrong. The precise péint‘of metrical change is
indeterminable; the metrical ambiguity may be deliberate or the structure
may be an ideal which performers and listeners are supposed to learn to

conceive as written.
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The notion of a metrical structure which is contrary to perceptual
norms, but is nevertheless what is intended, has already been encountered
in Examples 4/72 and is difficult to refute, although an individual intended
structure might be too hard to imagine in comparison with the most likely
interpretation. Equally, such perceptually unlikely structures cannot be
regarded as indubitably 'correct', since prior knowledge of‘the score is
essential to their perception. Even though the mind may consciously avoid
any‘ambiguity between the intended structure and the perceptually normal
one, it is hardly possible to regard the latter as literally written off
by the composer.i

Examples 5/22 to 5/26 show further instances of perceptually unlikely
scoring;‘in each case, the.theoretically predicted structure is given.
above. Janddek's scoring, which contradicts duration contour, can be
communicated by dynamic accentuation inferred from the barlines. In
Bach's Badinerie and Bizet's theme, the intended metre may be undgrstood
through familiarity with the rhythm of the gavotte. Otherwise, the
structural accentuation df the tonic in the Bach theme and insufficient
tempo in the Bizet theme preclude the desired upbeats. In the Mozart
theme, an initial upbeat to the start of the accompaniment is»the
perceptual norm, despite the adagio tempo. It is possibie that Mozart's
scoring has been prompted by the harmonic unity of the doﬁinant chord in
the second bar. In the Berlioz example, triple time gives the simplest
subdivision of the metrical units generated by repetition and scored as
three bars long. However, pitch patterning and implied harmonic rhythm
generate the structure shown in the tree diagram: pitch separation and
the return to the tonic produce a»phtase ending after the fourth
crotchet beat and the subdivision of this phrase is given dynamic

emphasis by the composer.
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Examples 5/27 to 5/31 all have longer-note accompaniments that are
inconsistent with the notated metre. In the first Brahms example and the
Dvorak theme, this discrepancy occurs at the beginning of the piece,
giving the music a metrical interpretation which will be reiterated on
the repetition of the theme, despite any irregular metre. 1In the
Tchaikovsky example and the second Brahms example, the established
metre has already been ﬁndermined by the longer-note characteristic
before the discrepancy arises. In the Tchaikovsky Congerto, this occurs
from_the middle of bar 198; in the Brahms Symphony, between bars 132 and
134. The metrical irregularity may well be intentional and merely
notated in the simplest way for performers, ease of reading being a
principal function of musical notation. Such a view is supported in
the Tchaikovsky example by the appearance of the figure J J J in the
same metrical position as previously, according to the present theory.

Example 5/31 is a clear case of a composer's ideal. The theoretically
predicted duple metre, derived from duration contour and reinforced by
repetition, is chosen by Shostakovich for the full orchestral version
of the theme, beginning at bar 113. The notated triple metre of
Example 5:/3 is not aided by the given articulation and can be derived
only from the longer-note accompéniment on the triangle. Yet, although
instrumental considerations have largely been bypassed in the present
work, the dynamic contrast between the triangle and the clarinet is
too great for the longer-note characteristic to predominate; low
pitch might have Eompensated for low dynamics, but the triangle does
not have this either. In the repetition of the theme (bar 42 ££.),
Shostakovich underscores the theoretically predicted duple metre with
string pizzicati. Although side-drum rolls support the claim for triple

metre in the same passage, these lack the harmonic rhythmic property of

the string chords and the mind is unlikely to abandon the metrical
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interpretation of the theme's first statement, without strong reasons.
The concept of a metrical ideal should not be confused with that

of polymetre, as Meyer has done in the case of a passage from Stravinsky's

Histoire du Soldat (Example 5/32).17 Meyer apparently believes that
Stravinsky has notated an ideal and that the true metre is 2/4
throughout, because of the repeated bass pattern. But it is possible
for one characteristic or set of characteristics to predominate

without obliterating altogether the normal metrical interpretétion of

a distinctive voice. Alongside the Stravinsky passage, Meyer quotes a
example of polymetre whose rﬁythmic texture is equivalent to Stravinsky's
(Example 5/33a) and Which may have influénced a similar passage by
Ravel (Example 5/33b). 1In each of these two examples, the structural
timelengths between the longest_durations in the top part are equivalent
to metrical timglengths, but do not provide the predominant metre,

being analogous instead to the durations in the upper voice of

Example 5/33c. Similarly, even if Meyer were correct in his view that.
duple metre predominates in the Stravinsky passage, this does not mean
that Stravinsky's metre is invalid for the upper voice; rather, the
composer has chosen to highlight the subtlety of this metre in
preference to the obvious metre of the bass pattern.

In fact, it is quite likely that Stravinsky's interpretation does
predominate, cdnsidering that the relative strengtls of the incongruent
characteristics must already be reasonably close for polymetre to be
perceptible. From previous statements of the theme (in bars 7 and 15),
the beginning of bar 48 is already associated with a metrical accent,
and the theme's recufrences.here and in bars 51, 54, and 56 also justify
metrical accents. (The last of these is not aéknowledged by Stravinsky.)

If duration contour and dynamic accentuation are added to this metrical

17. Leonard B. Meyer, Emotion and Meaning in Music (Chicago, 1956),
pp.119-121.
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analysis, Stravinsky's interpretation is derived (apart from bar 56),
duration contour affecting the metrical accentuation at the beginning of
bars 50, 53, and 58, and dynamic accentuation in bars 49, 52, 53, and 58,
Stravinsky may intend the dynamic accent in bar 56 to be strong enoudgh
to counter the effect of repetition. Thus, Stravinsky's passage presents
a metrical conflict between two sets of repetition, the weaker of which
is the bass ostinato-involving bass accentuation and the stronger
structural accentuatién of the tonic. A similar conflict occurs in
Example 5/34 and here, too, the pitch pattern repetition of the oscillating
bass is metrically weaker than the repetition in the melody line.

On the guestion of polymetre in general,‘the present lack of
refinement in assessing the relative strengths of characteristics makes
it extremely hard to draw the line between a subsidiary metre within
polymetre and a subsidiary characteristic (or set of characteristics)
which is not normally heard metrically in the given context. As in the
case of the weak metrical preferences in sixteenth-century music, this
is not necessarily a disadvantage, since a metrical sense that has to be
so refined is not likely to be shared by many listeners. The opening of
the second movement of Ravel's String Quartet (Example 5/35), also cited
by Meyer as an example of polymetre, illustrates this point, presenting
not only polymetre between the 3/4 First Violin part and the 6/8 pitch
pattern repetition of the Second Violin and Viola parts, but also metrical
ambiguity within these inner parts, for instance pitch pattern repetition
versus dynamic accentuation in bar 2, and metrical change, for example
the probable predominance of 6/8 in bar 1 and 3/4 in bar 2. A single
time signature and tree-diagram would not be appropriate for such a piece. .

While Meyer may be incorrect in his remarks about the Stravinsky
passage above (Example 5/32), his argument that some of the metrical

assumptions behind the notation of twentieth-century music are ill-founded
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can be illustrated instead by the first piece of Schoenberg's Opus 19
(Example 5/36a), which has been partially rebafred as Example 5/36b,
largely following duration contour. Schoenberg's initial upbeat is
particﬁlafly dubious, becausé there is nothing to assert the first
downbeat of the piece; duration contour thus generates a minim multiple
which is subdivided by thé Ff at the end of bar 1.

A further discrepancy between theoretically predicted metre and
musical notation concerns initial rests. In fugue subjects in general
and in those of Bach's '48' in particular, the notation seems to
reflect what may sometimes only be peréeived retrospectively or on a
second hearing, once the start of the subjeét has been asSignedba place
within the bar by the fuller information available on the entry of the
second voice. Such opening rests in fugues can be regarded as a mannerism,
knowledge of which lessens the degree 6f metrical ambiguity. Where
such prior knowledge is not available, as in Example 5/37, the case for
an initial rest is likely to be very weak. 1In this example it seems ‘to
depend on the right-hand part in bar 3 being interpreted metrically as
in the score; then on the accompanying figure in that bar being reinter-
preted retrospectively so that its repeated statements have identical
structures. Not only does the slow tempo make this procedure unlikely,
but it is probable that an alternative semibreve multiple will have been
generated by the first repetition of this accompanying figure, as shown

in the tree-diagram.
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CONCLUSION

The object of the present work has been to put forward the
structural characteristics and preferences that give rise to metre and
phrase grouping. Within the mechanistic viewpoint that has been adopted,
it has been shown that a limited number of structural accents and means
of separation, together with certain perceptual preferences, will
account for the generation from relatively unstructured data of the
rhythmic structures most likely to be perceived, namely those which
intuitively appear to be 'correct'. Metre has been shown to be largely
a product of one or more of three factors: (a) a mental connection
between structurally aceented_notes or chords, (b) structural
timelengths, especially those of harmonic rhythm, and (c) the automatic
continuation of a pre-established ﬁultiple due to a perceptual
preference for regular metre. Many of‘the‘structural accents and
timelengths have a physical basis: certain durations are longer than
other preceding, following, or accompanying ones, certain pitches are .
higher or lower than others, certain notes are louder, certain sounded
notelengths longer. Phrase grouping is the result of tﬁe relative
separation of events, either physically, as in the relative lack of
proximity of attacks or pitches, or conceptually, as in the resolution
of dissonance and the grouping of tonal chords.

Metre and phrase grouping have been shown to be interdependent
as.well as independent, the highest existing phrase groupings sometimes
giving rise to metre and the hierarchical level of a phrase grouping
being determined principally by the highest-level structural grouping
on which it may be observed. .When metre is determined only by phrase
grouping, the distinction between the two fades and their separate

representation in the tree-diagram notation becomes of little relevance.
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It has been shown that the structural characteristics are not
of equal strength and that the strength of a characteristic is not
necessarily the same for both metre and phrase grouping. If the main
structural characteristics are arranged in order of relative strength,

the following hierarchy applies to the perception of metre:

1. {(Pre~established Metre) 6. Duration Contour

2. Dynamic Accentuation | 7. Repetition

3. Harmonic Rhythm 8. Struqtural Accentuation of
Tonic

4. Longer-note Accompaniment "~ 9, Articulation

5. Bass Accentuation 10. Pitch Patierniné

For the perception of phrase grouping, the hierarchy is as follows:

1. Articulation 5. Longer-note Accompaniment .
2. Repetition 6. Duration Contour

3. Dissonance Resolution 7. Pitch Separation

4. Recognized Tonal Cadences 8. Directional Grouping

It should be stressed that these hierarchies are only a summary
_and cannot do justice to the explicit observations made in respect of
individual examples. They do not show sets of characteristics, of which
there are many possible configurations, nor do they take account of
general perceptual preferences, such as the preference for regular metre.
The titles of some characteristics are only generalizations: £for example,
the various forms of harmonic rhythm vary in function; similarly, with |
duration contour, duration values function both as proportional
timelengths and as a means of distinguishing between equal metrical
timelengths. But, most important, the hierarchies cannot consider the

wide range of content within each characteristic: the degree of
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durational and pitch separation, different types of harmonic progression
and dissonance resolution, types of repetition, differences in tempo and
hierarchical level. It has been shown in many examples that these
diffe:ences are significant to the general relationship between any
palr of characteristics.

The notions of relative strength and perceptual preference belong
to a probabilistic view of rhythmic structure in which there may be
structural ambiguities and important subsidiary structures, depending
on the relative strengths of the characteristics concerned. Thus there
is usually no single 'correct' structure, but rather differences of
likelihood between alternative structures. The quantification of
relative étrength would provide the neatest way of célculating
perceptual probability and is an area ripe for further investigation.

It is clear that the different types of content associated with a
characteristic require a range of values, to reflect the varying degrees
of their effect on metre and phrase grouping.. The characteristics can
therefore be expected to have diffcrent ranges of values on the same
scale, though whether separate scales of values are required for metre
and phrase grouping remains to be seen. Likewise, how to account
guantitatively for general perceptual preferences, the inter-
relationship between_metre and phrasing, and differences in hierarchicél
level cannot be pursued at present.

Taken together, the many observations of different configurations
of characterist:ics and their effect on rhythmic structure constitute a
network of perceptual preferences‘with wpich any quantification must
be consistent. To have laid out each observation as a preference rule
in symbolic form, however, would have required either the separate

labelling or the quantification of different types of content within
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each characteristic, either of which approach would have obscured the
discussion. Each observation nevertheless represents,_either as a
condition or operation, a separate criterion required for the
mechanistic perception of rhythmic structure.

While it is not appropriate to speculate here on the possible
forms of a rhythm-perceiving algorithm, it has been seen that structural
characteristics and preferences cannot be treated as entirely independent
acts of perception, but that the full perception of one characteristic
is very often dependent on aspects of the perception of another.  For
instance, harmonic rhythm may be affected by lower-level metre and a
longer-note accompaniment; the metrical effect of duration contour is
structurally ambiguous; and dissonance resolution ié affected by a
longer-note accompaniment. Howéver, there are other aspects which
may be treated relatively independently: -the pre-metrical grouping of
duration contour and some duration closure, bass accentuation, tonic
accentuation, pitch separation énd directional grouping, the metrical
effect of a longer-note accompaniment, triadic associations and tonal
interpretation (for harmonic rhythm) using the tonal map, repetition,
and étructurally accented tonics, not to mention dynamics and
articulation indicated in the score.

Since perceptual dependence can be expected to vary with different
types of content, it is more reasonable to envisage one aspect of a
characteristic triggering the perception of another, either of the same
or a different characteristic. Although the sequence of such triggers
is almost certain to vary from one piece to another, because of
differences in content and the configuration of characteristics,
duration phrases may form a basis for the perception of phrase grouping
in most music, while the longér—note characteristic and harmonic rhythm

may likewise establish a working framework for metre.
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Thus the perception of rhythmic structure, at least in a
mechanistic sense, involves the perception of individual aspects of
characteristics, either by primary observation or froﬁ the structures
and aspects already perceived. Each aspect may trigger the perception
of another aspect, help to determine further structures, or alter
those already perceived. Observations on the perceived structures
may also be stored and collated in such a way as to génerate a learnt
characteristic or aspect which may alter a p:eviously perceived
structure. The modelling of such a learning process seems necessary
in order fully to understand tonality and its effect on rhythmic
structure. In preference to presenting intuitive groupings of triads
that cannot be accounted for without at least alread? being able to
perceive the tonal context, some initiai premises and observations of
a learning process for tonal grouping have been put forward.

The interdependence of the perceptual compbnents extends to the
lowest levels, making artificial the boundary between the perceptual
processes of the present work and their proposéd input (as discussed
in Chapter 1, Section C). Nevertheless, the capacity to derive
structure from the input can aid the perception of the latter. Such
an approach has been adopted by Longuet-Higgins (1976), using expected
duration values to rationalize the real-time durations performed on a
electronic keyboard. The ability to rationalize input in order to
perceive familiar structures also helps to explain the pitch tolerances
required to accomodate equal temperament, vibrato, and slightly out-of-
tune performance. While the perception of duration, pitch, musical lines,
and the melody line has been taken for granted in order to study further
perceptual processes, an advanced program could incorporate a learning
process initiated by an imperfect perception of the data, particularly of

its linear organization.
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Despite thé obvious relevance to musical comprehension of the
listener's expectations, the implications they generate in the music,
and the capacity to evaluate originality, it has been shown that a
considerable amount of comprehension, in the sense of structural
interpretation, is open to the listener with the ability (whether
innate or learnt) to perceive and rank certain characteristics, however
new to him a piece might be. The present work has aimed to be as
neutral as possible with respect to past experience, since such
experience must be based on initial acts of peréeption, which presumably
correspond to at least some of the aspects considered in this study.
Furthermore, musical knowledge varies from listener to listener,
according to the amount of music he has heard, his capacity for memory
and recall, his perceptual and hierarchical skills, and his conscious
knowledge of such items as forms and séales. ‘Nevertheless, certain
items from the Europeén cultural baékgrouné have been incorporated in
the present theory as pefceptual_p:eferences: regular metre, the
perference for multiples of 2 and 3, and the special importance given
to binary groupings.

The form of the tree-diagram notation has been determined largely
by the need to show the interdependence and independence of métre and
phrase grouping, and limited diagrammatically by the constraints of
two dimensions and a single colour. By contrast, a computer
representation would handle with ease_subsidiary structures, structural
ambiguities, polyphony, and the transformationsof reduction. The
notation has aimed to be illustrative and unambiguous and is not claimed
to be an ideal representation of rhythmic structure. 'The need for the‘
separate notation of articulation, dynamics, and the structural

timelengths of harmonic rhythm, and the difficulties of showing
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subsidiary structural timelengths (for example, between off-beat dynamic
accents) without producing a spaghetti-like web of beams and branches
are examples of deficiencies in the written notation, but would present
no fundamental obstacles to its computer equivalent.

The tree-diagrams may be read either merely .as a combined‘
structure of metre and phrase grouping or as such a structure plus
the configuration of characteristics and preferences that gives rise
to it. To have tree structures as the sole output of a computer
program would contribute very little to knowledge: they may be derived
manually for use as program input.  Their strength lies in being read
in.relatioﬁ to their constituent characteristics and preferences, so
that not only is rhythmic structure seen as in&olviﬁg harmony, pitch
patterning, dynamics, articulation, and repetition, as wéll as duration,
but the structural groupings and phrase groupings no longer haﬁe the
equality of status they are accorded in a tree—diagram that is viewed
simply as branches and beams (this equality being, of course, subject
to the hierarchical grading inherent in the diagram).

Not only may the tree-diagrams be viewed aé compound structures,
but any of their component structures and subsidiary structures may be
extracted from the whole. As new characteristics>have been introduced
by showing their effect on the overall rhythmic texture, the structures
put forward by individual characteristics have, in many cases, been

altered or superseded; where altered, they have nevertheless been

readable within the whole. For instance, in Example 4/85 (Mozart,K.332,I),

while duration contour puts forward the phrase grouping of Example 5/38a,
this is altered by repetition and dissonance resolution to give the
durational grouping of Exampie 5/38b. Similarly, it was found in
Example 2 /40 (Mozart,K.331,I) that repetition caused the phrase grouping

beginning on the point of repetition in bar 2 to predominate over the
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same grouping plus the preceding quaver upbeat, but was not strong
enough to alter the phrase grouping from duration contour which generated
the upbeat. Repetition therefore suggests the extraction of the‘
duration string .m .’(.).

Thus the structures and structured content derived from
individual characteristics or groups of characteristics may be read
both within the context of the whole tree or, if different, as
subsidiary structures in their own right. In addition, as has been
held throughout this study, thebstructures of individual musical lines
may be read in their own right or as influenéed by the overall rhythmic
texture. The tree diagrams also allow :a phrase grouping (or part of
it) to be extracted with oxr without the branch on tﬁe next level, that
is, to be viewed as metrically interpreted or uninterpreted. Similarly,
a tree structure need not be viewed with all of its levels taken into
account; tree-diagrams in various stages of metrical interpretation
have been presented in the examples.

There are occasions when the precise content of a characteristic
is not required. For example, the chords of different harmonic
sequences may be omitted if they are eqﬁivalent in harmonic rhythm,
the structures being shown as affected by hafmonic rhythm, but read
as having any chord sequence with the appropiiate harmonic rhythmic
properties. Likewise, durations may be omitted, especially in
reductions, to show durational equivalence within a harmonic unit or
phrase structure (or both), the diagrams being read as having any |
duration values or timelengths that would not alter the given structure.
In many examples with a distinctive phrase contour, that is, one not
having equal timelengths, the essential character of a phrase can be

depicted by extracting the phrase contour with its metrical interpretation.
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For instance, Example 5/3%a has the character of a Classical
antecedent-consequent phrase, even though the music is atonal and the
exact sequence of durations has probably never occurred before or since.
Its metrically interpreted phrase contour is given as Example 5/3%.

In the reading or extraction of the component elements and
structures of the tree diagrams, rhythmic structure puts forward
Gestalten that will be of use in the development of techniques for
comparative Style analysis, that is, analysis that is concerned with
finding material common to different pieces. BHaving isolated such
material in one piece, the extent to which the element or structure
concerned is present in the piece is at least partlg determined by its
relative strength within the rhythmic structure. In addition to the
perception and selection of structures derived from individual
characteristics or sets Qf characteristics, the following individual
elements of a tree-diagram are relevant to comparative analysis:
structural groupings, phrase groupings and phraselengths, metrical units
and metrical timelengths, structural units and structural timelengths,
upbeat and afterbeat structures. In many ways, then, the selection and
relative importance of segments for the purposes of comparative analysis
is implied in the view of metre and phrasing as a compound rhythmic
structure. However, the development of techniques for such analysis is
beyond the scope of the present work.

Any concept of rhythmic structure that lobks beyond the confines
of the structures of individual pieces muét sooner or later consider the
equivalence conferred by transformation. This topic lies beyond the
present study, but arises from it, bécauSe of the close relationships
that can exist between nominally different rhythmic structures. Three

types of transformation may be mentioned as worthy of further
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investigation in relation to rhythmic structure: reduction, contraction
‘and related operations, and the temporal realignment or elimination of
characteristics and structures. The relevance of reduction has alrcady
been seen in harmonic rhythm and in relating structures that are the
gsame but for the lowest—levei, surface detail (Example 4/173.1). The
contraction, expansion, and elision of phrase structures was explored
by Riémann (l903)lin support of his theory of the standard binary phrase,
but such transformations may establish equivalence relationships
without the binary phrase necessarily being regarded as a norm.

The equivalence of realigﬁmeﬁt arises from not having to read
rhythmic structures in their entirety. For instance, in the case of
a weak upbeat versus a default downbeat (as, for ex;mple, in a gavotte),
the two structures are the same up to the level of the ambiguous metrical
accent and equivalent up to the higher level through the operation that
" relates the alternative higher—level structural groupings. Likewise,
such an equivalence relationship relates Example 5/40 to Mozart's
original theme, in which thé accompaniment begins a crotchet later;
the recognition of metrical realignment at the minim level is similar
to comparing the two versions of the melody at the crotchet level of
the melody alone, but also takes the accompaniment and harmény into account.

The content of éach characteristic has been considered here only
in its effect on metre and phrase grouping. Much work remains to be
done in the functional classification, as opposéd to the mere listing,
of duration patterns, perhaps in.the manner of Meyer's clagsification
of melodies (1973). Melody itself epitomizes the distinction between
structure and function; just as pitch contour has been examined only
as a medium in which discrete patterns may be found, so duration contour

has been examined not as contour, but only as a generator of structure.

1. Hugo Riemann, System der Musikalischen Rhythmik und Metrik (Leipzig,
1903), pp.241-304.
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The present strucﬁural diagrams represent skeletons whose flesh and
blood are the contours of duration, harmonic movement, pitch, dynamics,
articulation, agogics and tempo change, tiubre, similarity and
repetition versus contrast, as well as the interplay between different
musical lines, the develdpment and transformation of ideas, and the
working out of formal processes. A reappraisal of the work of Cooper
and Meyer (1960), who study the overall rhythmic effect and structure
of these contours rather than their causes, is a possible extension of
the present theory, particularly once the relative strengths of
characteristics have béen quantified. |

The greatest scopé for development of the theory, however, lies
in the study of twentieth-century music, particularly of the post-war
period. It is not sufficient to say simply that many of the present
concepts break down; if the experienced listener finds coherence, a
theory that finds chaos needs to be expanded. The inadequacy of
traditional concepts is far-reaching. Notated metre becomes less a
reflection of what is communicated and more what the composer wishes
to be understood or simply a means of keeping performers together.
Duration patterns become tbo complex to notate and give rise to
propértional notation; what, then, is perceived? Harmonic and timbral
complexity surpasses aural analysis but net comprehension. Structural

ambiguity is commonplace.  In polyphonic music, changes in balance between

performances lead to differences in what is heard; with aleatoric

techniques, improvisation, and 'giaphic' scores,_these differénces
become fundamental changes of content. In almost every aspect of
structure, an increase of uncertainty can be found, but artistic
communication may no longer depend on a single concept or structure

being transmitted. Greater uncertainty does not necessarily lead to
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a breakdown of rhythmic structure, and even music which makes no attempt
to establish goals is not likely.to be structurally interpreted as
arhythmic.

To qonclude: ‘the present work has attempted to separate from
their many combinations the often elusive forces that shape the |
foreground structure of traditional Western music at its lowest
and most fundamental levels. Hardly any of the structural
characteristics can claim to be an original discovery; yet, if
they are to be convincing as the features we are used to observiné,
they cannot be unfamiliar as well. Our understanding of musical
cognition is still in its‘infancy, but if the preéept work does no
more than stimulate discussion and raise important questions, it

will have achieved its purpose.
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APPENDIX

THE GROUPING THEORY OF LERDAHL AND JACKENDOFF

A recent paper by Lerdahl and Jackendoff,l which has appeared too
late for commentary in the main body of the pfesent work, puts forward
various means of rhythmic grouping that are analogous to some of the
phrase grouping characteristics of the present theory and are a direct
application to music of two of the perceptual principles of Gestalt
psychology: proximity and change. In a sequence of four consecutive
notes (nl, Ny Ngy and n4), Lerdahl and Jackendoff place a group boundary
between the middle pair (n2 - n3) if that transition involves greater
separation than the transitions between the other consecutive pairs of
notes (nl-n2 and n3—n4), in respect of articulated timelength (Slur/Rest
Rule), attack interval (Attack Point Rule), or pitch interval (Register
Rule). For change, they place a group boundary between n, and n, if
that transition involves a change in dynamics (Dynamics Rule), duration
value (Length Rule), or articulation (Articulation Rule) and the
transitions n,-n, and ny-n, do not. (In fact, they classify pitch
separation with.change, rather ﬁhan proximity, and also recognize the
possibility of timbral change as a means of grouping.) Each grouping
boundary is marked with a small circumflex and labelled according to
the number of the preference rule which generates it. The predominant
grouping is, however, marked with a slur (see Chapter 2, Section C, p.82).
Higher-level groupings are created by repetition ('parallelism'),
symmetry ('the ideal subdivision of groups into two parts of equal

length'), and by comparing different group boundaries: 'Where the effects

1. Ray Jackendoff and Fred Lerdahl, 'Generative Music Theory and its
Relation to Psychology', Journal of Music Theory,25/1 (1981) ,45-90.
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picked out by l:the preference rules of proximity and.change ] . e
are relatively more pronounced, a relatively larger group boundary may
be placed' (Intensification Rule).2

Lerdahl and Jackendoff's grouping preference rules are related
to the present observations on repetition and on phrase grouping by
duration contour, pitch separation, dynamics, and articulation. However,
the present theory does not recognize durational change as a principle of
grouping and the Length Rule is musically inconsistent in the opening
theme of Mozart's 40th Symphony (Lerdahl and Jackendoff's Example 24),
sometimes classing the two upbeat quavers as a group and sometimes not.
In support of the preference rules' condition that a transition must be
distinctive with respect to both adjacent transitions, one example is
given for each characteristic, illustrating a transition that is
distinctive with respect to only one adjaéent transition (Lerdahl and
Jackendoff's Examples 20 and 22). It is claimed that these examples show
uncertainty of grouping, but the present theory can produce grouping in

each case:

J J J .‘ J (Slur) Minim structural timelengths of articulation
~’ e (first type) cause the third crotchet to be3
clustered with the next note and create a 4
metrical unit.

3

J ‘.'"7 J\y} .‘ (Rest) Articulation (second type) creates a 4
metrical unit and a phrase grouping of its
notes, though the sense of separation of
this means of grouping is weak. ILexrdahl
and Jackendoff's preference rules find a
grouping when there is only one quaver and
rest; the addition of a second or third
quaver and rest merely extends the grouping.

2. ibid.,p.67,
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| J J J (Change of
e . ~ articulation)
\ J J J J (Dynamic change)
£ P
J A \ J (Change of
| ° register)

(Attack interval)

(Change of
duration value)

dddid

The example is equivalent to one of
the above, according to its type of
articulation.

Dynamic accentuation produces a strong
structural accent which may be seen as
metrically accented in anticipation of
a succeeding metrical accent. The
first two piano notes are thus an
upbeat; the second two are separated
by dynamic change and by upbeat
repetition in anticipation of a
succeeding metrically accented forte
note.

The tonic accent (third note) produces

a rhythmic structure equivalent to

that of the example of dynamic change.
Alternatively, the structural
timelengths formed by the lower pitches
create metrical accents on the first

and fourth notes and are grouped in
pairs; the third note thus becomes an
upbeat because of its change of register.

Duration contour groups the first note
with the second and separates the
final crotchets from the second minim,
in anticipation of a succeeding longer
note. The first minim may be seen as
metrically accented in anticipation
of a succeeding metrical accent.
Lerdahl and Jackendoff's Length Rule
would place a group boundary after

the second minim.

Duration contour creates a metrical
connection between the first member
of each pair of minims. The crotchet
is clustered with the succeeding

note and is perceived as an upbeat.
Neither Lerdahl and Jackendoff's
Attack Point Rule nor their Length
Rule find a group boundary in this
example.

The above examples reveal two faults in Lerdahl and Jackendoff's

theory: the stipulation that a transition must be distinctive with respect

to both adjacent transitions, and the omission of the effect of metre on

phrase grouping.

The conjunction of their Attack Point Rule and
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Intensification Rule appears to correspond to the pre-metrical grouping
of durations (Chapter 3, Section A), but it is not a clustering technique
(as seen in the last two examples above) and takes no account of metrical
considerations, which can prevent a duration phrase from forming part of
a larger duration phrase ending on the ﬁext succeeding longer note.

For example, the Attack Rule and the Intensification Rule would produce
the erroneous grouping of Example 3/9 (amended in Example 3/14), unless
overridden by the Symmetry Rule. The omission of metre also causes their
preference rules to miss certain duration phrases that end on the last
"branch of a metrical unit (see, for‘instance, Example lc, bar 1) and are
specified by Closure Rules 2 and 3, with amendments for the string 3 1 2
and its variants (see pp.129, 130, and 147).

Two further weaknesses in Lerdahl and Jackendoff's grouping theory
are the acknowledged lack of formalism in their Parallelism Rule3 and
insufficient consideration of differences in the relative strengths of
their preference rules. Lerdahl and Jackendoff are aware of such
differences and the fact that congruent preferences reinforce the
perception of a grouping boundary, while incongruent preferences do
not necessarily cause all but the sfrongest grouping to be'obliterated.4
However, the predcominant rhythmic structure plays a large part in
characterizing the perception of a passage. Before one can construct
a formal procedure for deciding which grouping is predominant, it is
necessary to consider as many configurations of grouping characteristics
as possible. On their own admission, Lerdahl and Jackendoff 'have not
completely characterized what happens when two preference rules come

into conflict.'.5 Thus, while their theory aims to be formal, they

3. ibid.,p.71.
4. ibid.,p.58.
5. ibid.,p.72.
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acknowledge not having developed a formal procedure for the derivation
of overall grouping preference.6 Although they consider general
differences in strength between certain pairs of rulea? the
contradictions which they acknoﬁledge in such judgements8 are
indicative of the need to consider other influences in greater

detail, especially differences of content and the relationship
between metre and phrase grouping. The latter is not a matter of
noting merely that metre and grouping interact to create upbeats and

afterbeats, and masculine and feminine endings.

6. ibid.,p.73.

7. ibid.,pp.64,70.

8. ibid.,p.72.

9. Fred Lerdahl and Ray Jackendoff,'On the Theory of Grouping and
Meter', Musical Quarterly,67(1981),479-506 (pp.494-500). This
paper refers to different forms of accent that might influence
the perception of metre, but metre is seen only as a pattern of
regular accents; why an irregular pattern should sometimes
predominate is not explored.
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